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Abstract

In the future missions, very large-scaled structures, such as solar power plant system(SSPS), will be several
kilometers across its largest dimension and be composed of extremely flexible structural modules. Such
structures can only be assembled in-orbit and teams of cooperative robots is essential for on-orbit assembly.
This report addresses the problems of planning and control of the transportation of large and highly flexible
structures by free-flying robots. An approach is proposed where the robots use their thrusters to control the
“rigid body” motion of the robot-structure system being transported and their manipulators to control and
damp out vibration in the structure induced by the thruster firings. A modal active damping control law is
developed, which uses measurements of the structure state provided by free-flying sensing robots.
Simulation results show that this approach is effective in transporting the structure into its desired position.
This report is a part of the results of the collaboration study between JAXA and MIT(Massachusetts Institute

of Technology) in FY 16.
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Fig.1 Transportation and assembly tasks
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Fig.2 Concept of the cooperative transportation Fig.3 “Decoupled controller” block diagram
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Table 1 Simulation parameters

Parameters Values

90deg Transportation time

Flexible Mass m, :600kg, Length L : 200m, / *200sec
Module - e a6 5

Inertia I, : 2x10° kg m

Natural frequencies:
0.20,0.55,1.08,1.78,2.67, 3.75, 5.02Hz

{Qoven mandeq are congiderad)

{>CVET MOGES are COnsiGoreq; Translational maneuver

Robot Mass 71, :100kg [0m, Om] — [150m, 150m]

Thrusters Thrust Fpee - £20N or 0 N (Xg, Yg

direction)

Minimum ON/OFF time : 50msec

.| Response delay : S0msec
Manipulators | Length : Im + 1m (2-DOF)
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Fig.5 Trajectories of the ends of the module
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Fig.6 Motion of the robot during acceleration Fig.7 Displacement at the end of the module
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Fig.8 Granite table for the experiment

3 T: A - il

Fig.9 Transportation experiment configuration
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