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Study on Abbe's Principle in 6 DOF Parallel Kinematics

OO0o0OO00O0O0O0O0OOOOOOOOOOOODODOO
Takaaki OIWA and Masato TAMAKI,
Shizuoka University, Johoku3-5-1, Hamamatsu, Shizuoka 432-8561

0 Conventional machine tools or coordinate measuring machines consisting of XYZ mechanism
have difficulty to satisfy the Abbe's principle which is the basis of the precision mechanism. In
other words, there are some offsets between the scale unit axes and the machining point or the
measuring point. However, the machining point of machines based on the parallel kinematics can
be located in the extension lines of the axes. In this study, the effects of the joint errors on the
motion error of Hexapod mechanism has been analyzed by using a singular value decomposition.
In this paper, it is proved that the point don't have to be located in the lines in the Hexapod.
Because six actuating struts are employed, not only positions but also attitudes of the moving
platform are able to be measured and actuated. In other word, the Hexapod can control the whole
positions and attitudes of the platform. Thus, even if any offset exists between the machining point
and the extensional lines, the point can be positioned precisely. Consequently, Hexapod enables to
realize accurate machining and measurement regardless of Abbe's principle.
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Fig.1  Typical 6 DOF parallel mechanism with six active
@ prismatic joints, namely Hexapod
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Fig.2  Coordinate system and runout of spherical joints in
Hexapod
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Fig.3  Various link configurations with an angle difference ;1;30] |
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Fig.4  Tool extension is optimized when distance d between
link extensional line and tool line is minimized
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Fig. 6 Influence of platform angular motion around ¢ axis on
length of actuated joint
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Fig.7  Output point must be located in extensional line of
displacement sensor because one sensor doesn't
measure any angular motion
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Fig.8 Output point must be located in a plane including
extensional lines of two displacement sensors because

two sensors can measure position and attitude of the

work
pos' . Pitch AB
. o
lree, lio'lil'g
% AY

Dl:g
S'el D, ,e(-
ISO’ZY e,be

Roll Ac: n¢

Fig. 9  Output point can be located at any point because six
sensors measure the whole positions and attitudes of
the work
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Fig. 10  Six actuating struts enable to control 6 DOF motion of
work.
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