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Three-Dimensional Generalized Forces 
 
Moment about local origin 
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Generalized force on body i about local origin 
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Pure force 
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Translational spring-damper-actuator often with cylindrical or prismatic  
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Rotational spring-damper-actuator about revolute, cylindrical or screw joint 
 

θ  measured +CCW about { }P

iĥ  along axis of rotation 
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Axial Coulomb friction in cylindrical or prismatic joints  
 
1)  Start with coefficient of friction 0=µ  
 
2)  Use   P

iĥ '  along axis of translation 

 
3)  Compute constraint force { }λ  and find all components of   P

on iF '  in local directions  
 

4)  Determine normal force        2 2P P
NORMAL X YF F ' F '   

 
5)  Compute NORMALF Ff µ=  
 
6)  repeat steps 3) through 5) until convergence by relaxation 
 
 
 
Torsional Coulomb friction in revolute or cylindrical joints 
 
1)  Start with coefficients of friction 0=µ  and 0END =µ  
 
2)  Use   P

iĥ '  along axis of rotation 

 
3)  Compute constraint force { }λ  and find components all of   P

on iF '  in local directions  
 

4)  Determine radial force        2 2P P
RADIAL X YF F ' F '   

 
5)  Compute RADIALF FRT µ=  for cylindrical joint 
 
6)  Compute  P

F RADIAL END END ZT R F R abs F '   for revolute joint 
 
7)  repeat steps 3) through 6) until convergence by relaxation 
 
 
 
Torsional Coulomb friction in spherical joint 
 
1)  Start with coefficient of friction 0=µ  
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2)  Use { } { } { }( )ijunitû ω−ω=  for axis of rotation     (note global directions) 
 
3)  Compute constraint force { }λ  and find { }

TOTALi_onF      (note global directions) 
 
4)  Determine axial force     { } { }
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5)  Determine radial force     { }( ) 2
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6)  Compute { } ( ){ }ûFFRT AXIALRADIALi_onF α+µ=      for 1≤α      (note global directions) 
 
7)  { } { }i_onFj_onF TT −=       
 
8)  repeat steps 2) through 5) until convergence by relaxation 
 
 
 
 
 
 
 
 
 


