
  



Iden%fy	
  all	
  relevant	
  forces	
  by	
  drawing	
  the	
  Free–Body	
  Diagram	
  (FBD)	
  of	
  the	
  
rigid	
  body. 
	
  	
  

FREE	
  BODY	
  DIAGRAM 

A	
   free	
   body	
   diagram,	
   also	
   called	
   a	
   force	
   diagram	
   is	
   a	
   pictorial	
  
representa%on	
  oAen	
  used	
  by	
  physicists	
  and	
  engineers	
  to	
  analyze	
  the	
  forces	
  
ac%ng	
   on	
   a	
   body	
   of	
   interest.	
   A	
   free	
   body	
   diagram	
   shows	
   all	
   forces	
   of	
   all	
  
types	
  ac%ng	
  on	
  this	
  body.	
  Drawing	
  such	
  a	
  diagram	
  can	
  aid	
  in	
  solving	
  for	
  the	
  
unknown	
   forces	
   or	
   the	
   equa%ons	
   of	
  mo%on	
   of	
   the	
   body.	
   Crea%ng	
   a	
   free	
  
body	
  diagram	
  can	
  make	
  it	
  easier	
  to	
  understand	
  the	
  forces,	
  and	
  torques	
  or	
  
moments,	
   in	
   rela%on	
   to	
  one	
   another	
   and	
   suggest	
   the	
  proper	
   concepts	
   to	
  
apply	
  in	
  order	
  to	
  find	
  the	
  solu%on	
  to	
  a	
  problem. 



  



External	
  Forces	
  

Special	
  Notes	
  –	
  Cables/	
  wires/	
  ropes	
  and	
  pulleys	
  

  All	
  cables	
  are	
  assumed	
  to	
  be	
  inextensible.	
  
  All	
  forces	
  ac%ng	
  from	
  cables	
  must	
  direct	
  outwards	
  from	
  point	
  of	
  

analysis,	
  i.e.	
  in	
  tension.	
  
  When	
  a	
  cable	
  passes	
  a	
  pulley,	
  the	
  tension	
  is	
  the	
  same	
  as	
  long	
  as	
  it	
  

is	
  the	
  same	
  cable.	
  
  Pulleys	
  are	
  assumed	
  to	
  be	
  smooth	
  except	
  stated	
  otherwise.	
  
  Dimensions	
  of	
  a	
  pulley	
  are	
  usually	
  neglected	
  in	
  calcula%ons	
  except	
  

stated	
  otherwise.	
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Reac9ons	
  at	
  Supports	
  and	
  Connec9ons	
  (3D) 

A	
  force	
  with	
  a	
  known	
  line	
  of	
  ac9on	
  involving	
  1	
  unknown	
  

Balls,	
  Fric%onless	
  surface. 
Perpendicular	
  to	
  the	
  surface	
  and	
  must	
  point	
  towards	
  the	
  free	
  body. 

known	
  line 
of	
  ac%on 
1	
  unknown 

Ball Fric%onless 
 surface 



Reac9ons	
  at	
  Supports	
  and	
  Connec9ons	
  (3D) 

2	
  force	
  components	
  involving	
  2	
  unknowns 
Roller	
  on	
  rough	
  surface,	
  Wheel	
  on	
  rail.	
  
One	
  perpendicular	
  to	
  the	
  surface	
  and	
  must	
  point	
  towards	
  the	
  free	
  body	
  and	
  
the	
  other	
  90o	
   to	
   it	
   (tangent	
  to	
  the	
  surface)	
   that	
  can	
  be	
  directed	
  either	
  way	
  
(not	
  both),	
  preven%ng	
  transla%on	
  in	
  two	
  direc%ons.	
   

2	
  force 
	
  components 

rollers	
  on 
rough	
  surface 

wheel	
  on	
  rail 

  
  



  

  

  
  

ball	
  and	
  socket rough	
  surface 3	
  force 
components 



Reac9ons	
  at	
  Supports	
  and	
  Connec9ons	
  (3D) 

3	
  force	
  components	
  and	
  1	
  couple	
  involving	
  4	
  unknowns 
Universal	
  Joint	
  
The	
  force	
  components	
  prevent	
  transla%on	
  in	
  three	
  direc%ons.	
  	
  The	
  universal	
  
joint	
  is	
  designed	
  to	
  allow	
  rota%on	
  about	
  two	
  axes. 

  

  

  
  

3	
  force 
components 
and	
  1	
  couple 

universal	
  joint 



Reac9ons	
  at	
  Supports	
  and	
  Connec9ons	
  (3D) 

3	
  force	
  components	
  and	
  3	
  couples	
  involving	
  6	
  unknowns 
Fixed	
  Support,	
  Welded	
  
The	
  force	
  components	
  prevent	
  transla%on	
  in	
  three	
  direc%ons.	
  The	
  couple	
  
components	
  prevent	
  rota%on	
  about	
  three	
  axes.	
  

  

  

  

  
  

  

fixed	
  support 3	
  force 
components 
and	
  3	
  couples 



Reac9ons	
  at	
  Supports	
  and	
  Connec9ons	
  (3D) 

2	
  force	
  components	
  and	
  (2	
  couples)	
  involving	
  2	
  or	
  (4)	
  unknowns 
Hinge	
  and	
  bearing	
  suppor%ng	
  radial	
  load	
  only	
  
Mainly	
  designed	
  to	
  prevent	
  transla%on	
  in	
  two	
  direc%ons,	
  that	
  may	
  also	
  include	
  
two	
  couples.	
  	
  Generally	
  will	
  not	
  exert	
  any	
  appreciable	
  couple	
  unless	
  otherwise	
  
stated.	
  

radial	
  bearing	
   2	
  force 
components 

and	
  (2	
  couples) 



Reac9ons	
  at	
  Supports	
  and	
  Connec9ons	
  (3D) 

3	
  force	
  components	
  and	
  (2	
  couples)	
  involving	
  3	
  or	
  (5)	
  unknowns 
Pin	
  and	
  bracket,	
  Hinge	
  and	
  bearing	
  suppor%ng	
  axial	
  thrust	
  and	
  radial	
  load	
  
Designed	
  to	
  prevent	
  transla%on	
  in	
  two	
  direc%ons,	
  which	
  may	
  also	
  include	
  two	
  
couples.	
  	
  Generally	
  will	
  not	
  exert	
  any	
  appreciable	
  couple	
  unless	
  stated	
  otherwise.	
  

pin	
  and	
  bracket hinge	
  and	
  bearing	
  suppor%ng 
axial	
  thrust	
  and	
  radial	
  load 

3	
  force 
components 

and	
  (2	
  couples) 



Important	
  Notes	
  
	
   Sketch	
  the	
  FBD	
  for	
  every	
  solu%on.	
  
	
   Knowledge	
  on	
  determina%on	
  of	
  force	
  components,	
  reac%ons	
  and	
  
	
   ‘cross	
  and	
  dot	
  products’	
  (for	
  taking	
  moments)	
  are	
  essen%al.	
  
	
   Since	
  there	
  are	
  6	
  equa%ons,	
  there	
  can	
  be	
  up	
  to	
  6	
  unknowns.	
  	
  For	
  
	
   problems	
  with	
  more	
  unknowns,	
  try	
  to	
  solve	
  using	
  moment	
  about	
  	
   an	
  axis.	
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  mm 

100	
  mm 

  

420	
  N 

70	
  N 
15	
  kg 

  

SOLUTION	
  
FBD	
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