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Dynamics

• Newton-Euler Formulation
• Articulated Multi-Body Dynamics

• Rigid Body Dynamics

• Explicit Form

• Recursive Algorithm
• Lagrange Formulation
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( ) ( , ) ( )M q q V q q G q    

Joint Space Dynamics

Centrifugal and Coriolis forces( , ) :V q q
( ) :G q Gravity forces
: Generalized forces

( ) :M q Mass Matrix - Kinetic Energy Matrix

:q Generalized Joint Coordinates
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Formulations
Newton-Euler Lagrange

-ni+1

-fi+1
Link i-ni

-fi

Eliminate Internal Forces

 i
i
T

i

i
T

i

n Z

f Z
 
RST

.

.

   revolute

   prismatic

1

2
TK q qM  

Newton:
Euler:

i ii C i i C iN I I    
Cm Fv

Ni Fi

-ni

CiI
mi

n f







n f

-f
-n

link 3
n3

f3

-n1

-f1

-f2

-n2

n1

f1

link 1

-n3

f2

n2
link 2

-f3

Link i

Pi+1

ni fi

-fi+1
-ni+1

 forces = 0
 moments / a point = 0

About origin {i}

f f

n n P f
i i

i i i i

 
      

 

  

( )

( ) ( )
1

1 1 1

0

0

f f

n n P f
i i

i i i i   
 

   

1

1 1 1

Static EquilibriumLink i

Pi+1

ni fi

-fi+1
-ni+1

i zi

fi

i zi

ni

Prismatic Joint Revolute Joint

 i i
T

if Z  i i
T

in Z 

Algorithm
n

n
n

n
n

n n
n

n

i
i i

i i
i

i
i i

i i
i

i
i

i
i

f f

n n P f

f R f

n R n P f

 

   

 

   

 

 
 

 

 
 

  

1

1
1

1

1
1

1 1

.

.

Link i

Pi+1

ni fi

-fi+1
-ni+1

Ni Fi

CiI
mi

Recursive Equations
f F f

n N n F f
i i i

i i i C i i ii

 
      

 

   

1

1 1 1p p

 i
i i

i i

n Z

f Z
 RST

.

.

   revolute

   prismatic



3

Newton-Euler Algorithm
Newton’s Law
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Inertia Tensor
I dv
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Angular Acceleration
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Recursive Equations
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