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SYNOPSIS

Considerations of the space environment, such as a vacuum or absence of gravity, are indispensable when we drive robot
manipulators in space. In a vacuum, the usual lubrication oil is not applicable because of its high vapor pressure. Metal materials
are easy 10 cold-weld. Brake materials which are usually organic must be resistant to radiant rays, heat and vacuum. A no-gravity
field raises problems in the control of the robot attitude, which is based on the angular momentum conservation law. Thus, the main
objective of this work is to develop a method of operating a space robot in a vacuum and no gravity.

The thesis describes the gear material and lubrication method. brake materials for space manipulators, development of actuators
for small and large manipulators. and the control method of a free-flying space robot.

In chapter 1. the background. objective and constitution of this work will be presented.

In chapter 2, the materials and lubrication methods tor gears and brake materials in a vacuum will be considered. Actuators of
the manipulators must generate large forces and torques because they handle payloads with large masses. The most important
problem is the material for fubrication of the gears and its lubrication. The combination of nitrided steel and stainless steel is good
for tolerance against wear, and a combination of stainless steels is stable against friction loss due to the difference of the surface
properties.

MoS; sintered film and PFPE grease will be investigated as lubricants. PIPE grease is appropriate for long use and high face
pressure. However, in the case of low face pressure and short duration of use, MoS» sintered iilm shows lower friction torque than
PFPE grease.

Six materials will be tested for the brakes. The friction property of polyimide composites containing PbO filler is independent of
paired materials. temperature and sliding velocity because this material easily adheres to other material.

In chapter 3, actuators for small and large manipulators will be manufactured. For small ones, a harmonic drive is used. Both
solid lubricants and PFPE grease can be adopted for the lubrication of motor bearings: PFPE grease is suitable for spline gears. and
solid lubricants are appropriate for ball bearings of wave generators.

For large manipulators, the 3K paradox planetary gear mechanism based on the results of chapter 2 will be examined. The

lifetime was over 1000 hours. These results arc employed for the development of the manipulator of a space station, JEM.



In chapter 4, the control methed in orbit will be considered. In orbit, the field is onc of no gravity, and thus there is no
scaffolding. The robot model has two arms and thrusters. First, the equation of motion and the control law of resolved acceleration
motion control are derived. Then, to stabilize the main-body attitude, it is confirmed that one arm can be used when the other arm is
moved to a certain position.

The task wherein the robot catches a floating object and berths it to a fixed position can also be realized using several control
laws.

In chapter 5, conclusions of this work as well as prospects for fulure research will be given.
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+ 0;7"5 ,
,
Moy =M+ cyolyagne + cylylUsme + asms) + 1, + msg
5

+ (IJIM‘: .

i“l}(, = Al.u, + 1645(,DX + SJS(,[) Y)a;m;;.



56 MR ESHRERFRME 59695
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(Lmy + azmo) + (c4DX + 5,DY)(Lymay + aymy)

Mag = Mg + (-c59DX + s35sDVagms,

Mig = Mg + (-c759DX + $359DV)agmg + (-c13DX + 575DY)
(Ismg + asms).

M3y = M7 + (-c139DX + s3g5DY)agmg + (-¢3DX + 533DY)
(Ismg + asms) + (-czDX + 57DY)Iymsg + agmy)

Miy = My + M3y + (cys6DX + sgseDYasms + (c4sDX + 545
DY)(lamy + @yma) + (€ DX + 5,DY)(Iymas + aymy) + (-c139DX
+ s7aeDYagme + (-c3eDX + s1sDY)Istng + asms) + (-c2DX +

$3DYY(Iymsg + agng) + (DX? + DY)z + mgsedly o
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