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n  Contacts 

n  Frictionless 

n  Friction 

n  Soft finger 

n  Grasps 

n  Grasp quality: force closure 

n  Contact point selection (John Schulman, ISRR 2011) 

Outline 
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n  Forces can only be applied in direction normal to the surface 
of the object 

n  Applied wrench 

Frictionless Point Contact 

n  Let ft denote the tangential force and fn denote the 
magnitude of the normal force, then Coulomb’s law states 
that in the static case: 

n   µ is the (static) coefficient of friction 

Coulomb Friction Model 
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Coulomb Friction Model 

n  Space of possible applied wrenches: 

Point Contact with Friction 
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n  Also allows for torque around the normal 

n  Space of possible applied wrenches: 

Soft-Finger Contact 

General Contact Model 
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Summary of Common Contact Models 

n  = set of wrenches that can be achieved 

n  Gi = wrench basis vectors transformed into single reference 
coordinate frame 

n  G = [G1 … Gk]  = grasp map 

Grasp 
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x = outer product 

Example: Grasp Map for Frictionless Point Contacts 

Example: Soft Finger Grasp of a Box 
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n  A grasp is a force-closure grasp IF for any external wrench Fe 
there exist contact forces fc 2 FC such that 

   G fc = -Fe 

 

 i.e., if able to apply sufficient force at each contact, every 
external wrench can be compensated for. 

n  Example external wrenches: 

n  Gravity 

n  Held object making contact with another object 
n  By accident 
n  To perform a task (e.g., insertion, hammering, writing, …) 

Grasp Quality: Force Closure 

n  Yes 

Force Closure 

n  No 
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n  [make drawing on board] 

 

Detecting Force Closure 

Quality Metric in Case of Force Closure 


