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H 1. Telerobot®] E3)

Good force—reflecting teleoperator

Good industrial robot

End effector speed 36 in./s
Friction 1 to 5% of capacity

(at expense of increased backlash)
Medium to low backlash

Replica master control

1 -to 2 —in deflection
at full load
6 DOF and end effector

Bilateral position— position control
for force reflection with man
in the loop

Relatively low inertia for minimum
fatigue

Kinematics approximately manlike

Accuracy and repeatability not
important

1:4 to 1 :10capacity/weight ratio

Universal end effector

End effector speed>36 in./s

0.015-in. deflection at full load
7 DOF and end effector

Low inertia compared to robots

1 : 4 capacity/weight ratio

TELEROBOT

Friction close to teleoperator, much lower than robot
Backlash close to robot, much lower than teleoperator
Replica master control preferable, joysticks and autonomy research possible

Billateral position—position control for force reflection

Manlike kinematics for dexterity in teleoperation

End effector speed 30 to 50 in /s
Friction 30 to 100% of capacity

No backlash(at expense of increased
friction)

Teach pendant, Keyboard

Minimal deflection at full load
(.010 to .05 in.)

4 to 6 DOF and end effector

Force feedback with 6 —axis end
effector sensing
High inertia for stiffness

Kinematics mission dependent

Accuracy and repeatability very
important

1 110 to 1 :40 capacity/weight ratio

Interchangeable end effectors

Universal interface for NASA end—effector research
Capacity of 20 1b continuous, 30 1b peak

Arm cross section to reach inside 6~in.?opening
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MM : MASTER MANIPULATOR
MS : SLAVE MANIPULATOR
PS : POSITION SENSOR

MM
PS MM : MASTER MANIPULATOR
MS : SLAVE MANIPULATOR
FS
+
MS PS : POSITION
_ FS : FORCE SENSOR
(b) Force~inverse transmission®
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MS : SLAVE MANIPULATOR
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