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Contact Stability Analysis on Some Impedance Control Methods

Taisuke Sakaki*! and Susumu Tachi*?

This paper aims at the analysis of the contact stability of impedance control implemented to a robot manipulator.
It is important for next generation robots to realize compliant motion to environment. Impedance control is one of
the compliance control methods. However, there are still contact stability problems that the control system is unstable
when the robot arm implemented with impedance control contacts to a stiff environment. In this paper, two methods

of impedance control, Hogan’s method and acceleration feedback method, are analyzed on the contact stability

influenced with the locations of sensor and actuator. The target impedance, and modeling error are also considered.

An one d.od.

arm grasping a fixed stiff object is modeled and simulated under the consideration of unmodeled

dynamics of the arm and the elasticity of the contact surface of the arm and its object. The analysis draws the results
that the collocation of sensor and actuator does not always stabilize the contact task in the case of the existence of

the unmodeled arm dynamics, and the stable regions of target impedance are different on these methods.
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Fig.1 Block diagram of arm-object contact system.
Xs: arm endpoint position
Xes: object surface position
Fe: external force
ke : object elasticity
G: arm endpoint virtual dynamics
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(2) Arm including first mode with a force sensor.
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(b) Arm including first mode without force sensors.

Fig.2 Dynamics model of contact task system between robot
and its object.
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(a) Root locus of closed loop of arm-object contact system.
=0 oo[N/m].
me=1[Kg](<m;+m,=3.85[Kg]),
bo=50[N/(m/s)], ko=10[N/m] : fixed.
x: poles at ke=0, 1000 and ke=10000[N/m].
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(b) Pole-zero map of open loop transfer function Gi.
bo=50—1000[N/(m/s)].
mo=1[Kgl(<m:+m,=3.85[Kg]),
ko=10[N/m] : fixed.
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(c¢) Pole-zero map of open loop transfer function Gu.
m,=1—10[{Kg].
bo=50[N/(m/s)], ke=10[N/m] : fixed.

Fig.3 Hogan’'s method applied to the arm including first mode.
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(a) Root locus closed loop of arm-object system.
ke=0—00o[N/m].
me=1[Kgl{< m;+m,=3.85[Kg]),
be=50[N/(m/s)], ko=10[N/m] : fixed.
x : poles at ke=0, 1000 and ke=10000 [N/m].
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(b) Pole-zero map of open loop transfer function Ga.
me=1—0.1Kg].
bo=50[N/(m/s)], ko=10[N/m]: fixed.

Fig.4 Tachi and Sakaki’s acceleration feedback method
applied to the arm including first mode.
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(a) Hogan’s method with model error at 50% of actual inertia

value.
x : poles at ke=1, 1000, 10000[N/m].
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(¢) Acceleration feedback method with model error at 50% of
actual inertia value.
x : poles at ke=1, 1000, 10000[N/m].
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(b) Hogan’s method with model error at 150% of actual inertia
value.
% : poles at ke=1, 1000, 10000[N/m].
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(d) Acceleration feedback method with model error at 1509% of
actual inertia value. '
x: poles at ke=1, 1000, 10000[N/m].

Fig.5 Influence of model error to contact stability.
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