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Abstract

An active stick which supplies force feedback to the operator is developed in this study.

A mathematical model of the active stick is derived, and compared with the experimental
result. It turns out that the frictional torque due to the mechanical contacts of several parts of

the stick is one of the major barriers to achieve high precision operation of the stick.

The frictional effect of the stick is cancelled out by using a friction observer. The efficacy of

the friction observer is verified through the numerical simulation. Because of the observer

dynamics, there are some limitations in exact recovering the static friction and Stribeck effect.
However, the friction observer follows the real friction on the average. It’s anticipated that the

application of the friction observer to the closed loop control of the active stick improves the

performance of the displacement versus

experimentally in the further study.

force characteristics, which will be proved

Keywords - Active Stick, Friction Observer, Hysteresys, 2 Axis Force Sensor, Variable
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Table 1 Description of parameters

o Values .
Symbol Description Pitch-axis Roll-axis Unit
Jeo Moment of inertia 206.85 262.16 kgem?2
C Damping coefficient 8.58 8.58 kgf cm/(v/s)
K Spring constant 12.3 12.3 kgf /em
P Distance of spring location from rotational center 4.95 491 Cm
IST Distance of acting force location from rotational center 2.0 2.0 Cm
N Gear reduction ratio 91 91 -
Kt Torque constant of BLDC motor 0.7665 0.7665 kgf cm/A
KLVDT LVDT signal gain 1.9549 1.9738 deg/V
Kforce Force sensor gain 4.7103 5.0736 Ibf/V
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