Kinematic Singularity
The Effector Locality loses the ability

to move in a direction or to rotate about
a direction - singular direction
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Singular Configurations
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Example (Kinematic Singularities)
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Example (Kinematic Singularities)
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Kinematic Singularities (reduced matrix)
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Jacobian at the End-Effector
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Cross Product Operator (in diff. frames)
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Wrist Point
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Wrist Point
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Resolved Motion Rate Control (Whitney 72)
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Resolved Motion Rate Control

Control
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Jacobian

» Differential Motion

» Linear & Angular Motion
» Velocity Propagation

» Explicit Form

- Static Forces <:I



Angular/Linear — Velocities/Forces




Angular/Linear — Velocities/Forces
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Velocity/Force Duality
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Propagation

Elimination of
Internal forces

Energy Analysis
Virtual Work
Static Equilibrium
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n f Virtual Work Principal
- _ (f) Internal OW = Z fi 5)(I

forces are

N workless applield virtual
forces displacements
7\ Static Equilibrium:
1 If the virtual work done by applied
r=\1 forces is zero in displacements
consistent with constraints
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Velocity/Force Duality
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Example (Static Forces)
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Example (Static Forces) X,y)
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