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AAstrotugo Stations in Space.
Donald Cox (1960)

£ g C-kedi.t:':NASA’
NASA Servicing Mission Concept
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NS SPACE DIVISION Great Strides Recently

Credit: NRL

FREND Full Scale Rendezvous and Autonomous Robotics F
Grapple Testing Using the Naval Research Laboratory's
Spacecraft Proximity Operations Testbed

Credit: DARPA

2007: Orbital Express 2008-present: FREND 2012: RRM
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FREND Arm
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A Demonstrate the capability of autonomously executing unaided grapple of a
variety of S/C interfaces

A Proximity Operation Testbed with dual platform motion simulator

7+ DOF Robotic Arm

Scanning LIDAR with 6DOF Pose Algorithm

Grapple Feature Tracking Algorithm

Trajectory Planner, Compliance Algorithm
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7DOF

2m

78Kg

10 Kg Payload

15 cm/s Tip Velocity
+ 1mm Accuracy

5.2 Hz Natural
Frequency

F/T Sensing
Tool Drive EE
Custom MCBs
1g Testable
Operate in GEO



oIMDA

MDA INFORMATION SYSTEMS, INC.

i o e FREND Robotic Arm System Elements

SHOULDER

PITCH UPPER ARM Robotic Manipulator

WRIST ROLL FOREARM

WRISTPITCH
Spacecraft Simulator

P —

FORCE/
TORQUE
SENSOR

SHOULDER
SHOULDER
ROLL YAW

ELBOW FLEX CABLE WRIST YAW \
PITCH Note: all flex
harness is END
TOOL DRIVE
R EFFECTOR
INTERFACE

3U Chassis
(10 Boards)

TUTTLELL

_— Panel Mount
DC/DC Converters,
Filters

28V Power
Connector\\,;,\’ y

)

Controller Board

Hwipy o
TR

ewwnntl  J0oint Level Electronics



oIMDA

MDA INFORMATION SYSTEMS, INC, Arm Optlmlzed for Mission Success

U.S.SPACE DIVISION

.| Avionics S/IC
Design Interface Kinematics
Sensors
Available
Bus Voltage » Flex
Power
Amplifier Capabilities —» Workspace
Current
Capabilities
Payload/
EE
Control . —¢
X N Stiffness
Requirements M Speed, ~ > Aqilit
f ass > Torque gty
Length » Accuracy 4 Motor Power
> : - .
A Selection Required
Y
Loads Launch EE
Locks | | Interface
F/T Sensor
Thermal +—» Coatings,
Blankets
Phoenix IDD FREND
DOF 4 5 7
Length (m) 2 1 2
Mass (KQg) 9 4.2 78
Accuracy (+/- cm) 1.8 0.5 0.1
\ Payload (Kg) 2.5 2 10
Phoenix / [ Tip Speed (cm/s) 3.5 1 15
Natural Frequency (Hz) 2 3 5.2




