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   Grasping
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• mobility and connectivity analysis 
• form closure 
• the grasp Jacobian 
• force closure
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Grasping and Manipulation
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Grasping and Manipulation
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Screw Nomenclature: Wrenches and Twists
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v and w do not constitute 
linear vector spaces!

twist: generalized velocity wrench: generalized force
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Grasp Analysis - Mobility and Connectivity
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Grasp Analysis - Mobility and Connectivity
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Grasp Analysis - Mobility and Connectivity
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“velcro” contacts

imagine that active dof can move 
to a position and then “lock” in place
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Grasp Analysis - Mobility and Connectivity
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Grasp Analysis - Mobility and Connectivity
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Grasp Analysis - Form Closure
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* form closure does not require friction 

*
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Grasp Analysis - Form Closure
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The Grasp Jacobian
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Wrenches and Twists
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the power transmitted to the object by a contact is equal to the power 
generated by the contact forces:

but since , 
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Wrenches and Twists
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so, from our planar 3-contact example: 
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Contact Types

15 Laboratory for Perceptual Robotics – College of Information and Computer Sciences

Rotating Contact Wrenches
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Translating Contact Wrenches
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Translating Contact Wrenches
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Translating Contact Wrenches

19 Laboratory for Perceptual Robotics – College of Information and Computer Sciences

Constructing a Grasp Jacobian - Algebraically
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contact by contact 
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Solving for Grasp Forces
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Solving for Grasp Forces - by inspection
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Prehensile Grasp Stability - Force Closure
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Grasp Stability
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Grasp Stability
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Solving for Grasp Forces
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Solving for Grasp Forces
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Solving for Grasp Forces
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particular solution
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Solving for Grasp Forces
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Solving for Grasp Forces
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Solving for Grasp Forces
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Solving for Grasp Forces
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Force Closure Revisited
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Grasp Synthesis
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grasp analysis  vs.  grasp synthesis

once we have a grasp geometry,  
grasp analysis provides a grasp force solution

but, how is a grasp geometry determined?
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Closed-Loop, Sensor-Driven Grasp Control
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f the control Jacobian, Jc, is the 
partial of f with respect to 

contact coordinates q
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Navigation Function - Grasp Control
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