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- Rigid Body Dynamics
+ Newton-Euler Formulation

- Articulated Multi-Body Dynamics

- Recursive Algorithm

- Lagrange Formulation
- Explicit Form






Joint Space Dynamics

M(q)qg +V(q,q9) + G(qg) =T

q - Generalized Joint Coordinates
M(g): Mass Matrix - Kinetic Energy Matrix

V(q,q): Centrifugal and Coriolis forces
G(g): Gravity forces

[: Generalized forces



Formulations

Newton-Euler Lagrange
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Recursive Equations
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Newton-Euler Algorithm




Newton’'s Law
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Angular Momentum
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Rigid Body Vs OXP,
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Linear Momentum
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Inertia Tensor
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Inertia Tensor
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Parallel Axis theorem
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Newton-Euler Algorithm




Newton-Euler Equations
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Angular Acceleration
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L inear Acceleration
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Velocity and Acceleration
at center of mass
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Dynamic forces on Link |
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Newton-Euler Algorithm




necursive £quations
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Outward iterations: 1: 0 —95
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Lagrange Equations
JL. JL

Lgrangian — Kinetic Energy

L =K "\ Potential Energy
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Lagrange Equations
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Inertial forces
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Inertial forces
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Equations of Motion
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Equations of Motion

Total Kinetic Energy: K

|
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Kinetic Energy

Work done by external forces to
bring the system from rest to its
current state.

V/ F 1 2
m? K:5mv

&)
——mIm



Equations of Motion Explicit Form
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Equations of Motion Explicit Form

Generalized Coordinates
Generalized Velocities ¢

Kinetic Energy 1 T -
Quadratic Form of K=—q Mg

Generalized Velocities 2
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Equations of Motion Explicit Form
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Equations of Motion Explicit Form

| e _ 1 7 -
—qg Mqg==—g" mJTJ +.fff J '
Zq ‘? 2‘? _J,le( Ci™ m, )_q

ax = Ci

M:Z(mFJ‘TJ +J' I J )
i-1



M(q) =

(n=n)

11

21

nl

12 1n
}/HEE mEn
mnﬁ mrm J




icit Form
Explici
of Motion
oNs
Equatio

D- v(:"l :Jy?.q
mfi; — r;q n]
OPc 00 .
OPc  OPc g
ilf_[fﬂ?l :’ﬂ?z



VectorV(q,q) Centrifugal & Coriolis Forces
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Christoffel Symbols
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Potential Energy
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Gravity Vector
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Centrifugal and Coriclis Vector
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Equations of Motion
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