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Kinematic Calibration Method for Redundantly Actuated Parallel Mechanisms

Jay il Jeong*, Jongwon Kim(School of Mechanical & Aerospace Engineering, SNU)
ABSTRACT

To calibrate a non-redundantly actuated parallel mechanism, one can find actual kinematic parameters by means of
geometrical constraint of the mechanism’s kinematic structure and measurement values. However, the calibration algorithm
for a non-redundant case does not apply for a redundantly actuated parallel mechanism, because the angle error of the
actuating joint varies with position and the geometrical constraint fails to be consistent. Such change of joint angle error
comes from constraint torque variation with each kinematic pose (meaning position and orientation). To calibrate a redundant
parallel mechanism, one therefore has to consider constraint torque equilibrium and the relationship of constraint torque to
torsional deflection, in addition to geometric constraint. In this paper, we develop the calibration algorithm for a redundantly
actuated parallel mechanism using these three relationships, and formulate cost functions for an optimization algorithm. As a
case study, we executed the calibration of a 2-DOF parallel mechanism using the developed algorithm. Coordinate values of
tool plate were measured using a laser ball bar and the actual kinematic parameters were identified with a new cost function
of the optimization algorithm. Experimental results showed that the accuracy of the tool plate improved by 82% after
kinematic calibration in a redundant actuation case.
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Fig. 5 Photograph of 2-DOF experimental stand.
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Table 2 Specification of 2-DOY experimental stand.

Legend Meaning Value
D A side of tool platform 215 mm
L Length of link 280 mm
B, 1% actuating joint (-300mm,0mm)
B, 2™ actuating joint {300mm, 0mm)
B, 3™ actuating joint (150mm,420mm)

Table 3 Torsional stiffness of actuating joints.

Actuator No. Torsional stiffness (Nm/radian)
i 8360
2 7750
3 8390

- 359 -



X-direction efror before and after calfbration

Yvdlndlon error before and dhr calibration

Distance error data before and sfter callbration

5 T

x-direction error{mm)
y-direction error{mm})

L ' i
L T

' ' Aﬂan eallbraﬁon '

+
1 ' ' '
[
[ I

ecror value(mm)

Fig. 9 Comparison for accuracy and repeatability before and after calibration
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