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2 Configuration
3 Adjustable Impedance
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! variable Impedance/ Stiffness Actuator
2 Double Actuation Unit
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! Purely Serial- Ordinary

2 Floating Spring Joint

® Harmonic Drive

* Variable Stiffness Mechanism
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KONIC /2 WIRE QVC

Voltage Sensitivity 1 2 3
100 316 1000

Resonant frequency kHz =0
Cross Axis error % max 5
Temperature Range °C -50/+185
Voltage sensitivity deviation re 20°C 5% @ 50

+5% @+125

+/-10% @ +185

Supply voltage V 15/35
Supply voltage mA 2/15
Bias voltage v 810
Settling time to 90% final val. secs <1
Max continuous acen. G sine 500
Noise level, equiv. mg 2
Frequency Response 1Hz-3KHz
L F comer frequency, Hz 0.1 0.35 1

Case material St steel, 303 $31

Mounting Base tapped hole, 10-32 UNF x 4mm
deep

Weight gm 90

Case seal Welded hermetic connector (TNC)
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Abstract:

Compliant actuation systems have been developed in recent years for a variety of
possible advantages, such as establishing a safe human—robot interaction, increasing
energy efficiency and reducing the effects of impacts. Flexibility is generally an
undesirable feature in robot manipulators because it causes significant control
problems such as vibrations and static deflection. In order to reduce the performance
degradation, systems involving more than one active element for each actuated degree
of freedom are being investigated to allow separate position and impedance
regulations. This thesis presents a variable stiffness joint (VSJ) designed for a robot
manipulator, as well as a control scheme to control the stiffness and position of the VSJ.
Compliance is generated by leaf springs and two actuators are used to control the
position and stiffness of the joint using four-bar linkages. Two actuators in parallel
configuration are connected to the spring. Changing the effective length of the spring
results in a change in stiffness. Two basic techniques in this Thesis has been proposed
for measuring joint stiffness. The first technique relies on static stiffness and requires
deformation measurements at the joint location given a known static force. The second
strategy identifies joint properties based on measured vibration data of a joined
assembly. Static data is contained within dynamic data. After estimating the exact
amount of joint stiffness, a linear quadratic regulator (LQR) controller only and with
integral state feedback control is developed for angular position control of a flexible
joint manipulator. Then this is extended to incorporate input shaper control schemes for

complete elimination vibrations of the flexible joint system.
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