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Study on Abbe's Principle in 6 DOF Parallel Kinematics
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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.

Key words: parallel mechanism, Abbe's principle, joint runout, motion error, Hexapod, error
analysis
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leneth of actuated ioint

KW ECOEM L OB, BENBOMBEEL BT 5
VERHD.

B %2 i XB(a)ix, HAEHPEEHESE (P D a Fia)
IZ Aa AT EE L 2B A TH D, ZOME, Aa =AL T
HYEHFELREEROMBROEEL RS, Z0k, B
Bl D a FMOEBHBEEIH N SOMBROBEIIRE
REEFRIET. L Lo Kot FmREMN (b FH
BIWeFHR) BoHoTH LHROBRELITRLAR.

DEICHABHICERBERS AP A OMBROBEECK
ETEBIIOVWTERTS. H)BLROIIHAGE I LR
FWE L E LT hWE 0 12 ABMUNEEE L TV B L5 T %
RLTWD. K(byt, CREERNEENBOERR EIC/A
A7y be®BOBAETHY, REOKE X AL EXIC
AT LI,

e
sin B

L0, AEBIEMRRCHEAEABLA 7Y MRelZ
HBILTHARTD. o0 —KMRELRD.

b LT, He)dTRANDSEEMBOLERR EIZ
HOHEETHY, HOEPEERELFSTVTH, HiE
XHB T R DR AL,

AL = E(l—cosAﬁ)zg-(Aﬁ)z .................. (2)
DEICTREBEL 2, BEEL~OFEBIIEVITEN
5. K(HERQE—KRTOUMEBRBOREZOLPYLRL LD
Thd. £, 7%y FeDFEIZEDLST, HOIHDa
A D OBBREBIIEEMBEIRORI L ITE 72K B8

AL = Aﬁsiﬂﬁz eAﬁ ..................... (])

Pitch A

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 Fig. 10 Six actuating struts enable to control 6 DOF motion of
two sensors can measure position and attitude of the work.
work
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