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ñAstrotugò Stations in Space. 

Donald Cox (1960)  

DARPA Phoenix Mission Concept 

NASA Servicing Mission Concept 

On-orbit Servicing  
A long time c oming  

Credit: DARPA 

Credit: NASA 
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U.S. 

2007: Orbital Express 2008-present: FREND 

 
Great Strides Recently  

2012: RRM 

Credit: NRL 

Credit: NASA Credit: DARPA 
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U.S. 
SUMO/FREND Program 

Å Demonstrate the capability of autonomously executing unaided grapple of a 
variety of S/C interfaces  
Á Proximity Operation Testbed with dual platform motion simulator  

Á 7+ DOF Robotic Arm 

Á Scanning LiDAR with 6DOF Pose Algorithm 

Á Grapple Feature Tracking Algorithm  

Á Trajectory Planner, Compliance Algorithm  

 

NRL On-Orbit Demonstration Testbed ï Photo Courtesy of NRL 

FREND Arm 
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U.S. 
FREND Arm Overview  

Å 7DOF 

Å 2m 

Å 78Kg 

Å 10 Kg Payload 

Å 15 cm/s Tip Velocity  

Å ± 1mm Accuracy 

Å 5.2 Hz Natural 

Frequency 

Å F/T Sensing  

Å Tool Drive EE 

Å Custom MCBs 

Å 1g Testable 

Å Operate in GEO 
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U.S. FREND Robotic Arm System Elements  

Spacecraft Simulator 

Joint Level Electronics 

Robotic Manipulator 
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Arm Optimized for Mission Success  
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Phoenix IDD FREND

DOF 4 5 7

Length (m) 2 1 2

Mass (Kg) 9 4.2 78

Accuracy (+/- cm) 1.8 0.5 0.1

Payload (Kg) 2.5 2 10

Tip Speed (cm/s) 3.5 1 15

Natural Frequency (Hz) 2 3 5.2

Power (W) 15 10 180

Phoenix 
IDD FREND Phoenix 

MSL 


