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Opportunities in Microgravity Free-Flying Manipulation
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Manipulation Related Works

Pros

• Safe manipulation 
• Secure grasp on 

uncertain objects

Cons

• Lower grip force
• Lower precision

Pros

• Higher force grasp
• Increased precision

Cons
• Poor performance 

when grasping 
complex objects

• Lacks modularity
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Fabricated Prototype Computer Aided Design 

Soft Distal Joint 

Inflatable Padding

Hybrid Rigid-Soft Gripper

• Three-finger rigid “claws”

• Tendon-driven

• Underactuated (1-DOF)

• Soft pneumatically 

inflatable padding

• Soft distal joints

• Closed-loop 

(no feedback)

Figure: Computer Aided Design (CAD) rendering of the rigid-soft gripper next to the fabricated 

prototyping highlight rigid vs. soft components in the prototype.



Rigid-Soft Manipulation Mechanism

5

a. Finger at rest         b) Actuate the tendons               c. Inflate the padding

Figure: Three states highlighting the manipulation mechanism.

a) The fingers are at rest, no actuation

b) Actuate the motor at the gripper’s base pulling the tendons 

c) Pneumatically actuate and inflate the compliant padding to conform around the grasped objects



Granite Lab Testing
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2 mm screwdriver

Astrobee
Rigid-soft 

gripper• Astrobee Testing Facility or the 

Granite Lab

• Attached gripper to Astrobee’s 

perching arm payload

• Grasped a 2 mm screwdriver 

(~2 inches in diameter)

• Had Astrobee “fly” while 

grasping the screwdriver 



General Applications
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• Grasping delicate fruits (on a general-

purpose multi-agriculture farm)

• Handling glassware

• Industrial applications where consumer 

goods are in a variety of shapes, but 

require a general-purpose manipulation 

(supply chain) 

Structurally rigid objects that are fragile or sensitive to high forces:

Image courtesy of NASA



Future Work
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• Incorporate feedback into the prototype via force sensors

• Do a wider range of testing of different objects

• Do a comparative study of grasping handrails compared 

to the perching gripper and of different objects to show 

baseline comparison and modular advantages with the 

hybrid gripper
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