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The Estimation of Three-dimensional Volumetric Errors by Laser Step Diagonal Measurement
Kyoto University Takafumi HATA, Soichi IBARAKI, Atsushi MATSUBARA

The laser step diagonal measurement is a method for the identification of all the volumetric error components,
including linear displacement errors, straightness and squareness errors by using only a laser interferometer
and a flat mirror. This research first discusses inherent and critical issues with the conventional formulation of
the laser step diagonal measurement. Then, we propose a new formulation of the laser step diagonal
measurement to accurately estimate the machine’s volumetric errors even under the existence of setup errors. As
a case study, the proposed formulation is applied to estimate volumetric errors on the three-axis commercial
machine tool. Experimental results show that straightness and squareness errors can be identified with the
estimation error of about 1um over the measurement distance of 120mm.
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Fig.1 Laser Step Diagonal Measurement
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Tablel Measured and estimated straightness and
squareness errors

Measured Convetional Proposed
estimation estimation
Positioning error 0.6pm 1.9pm —
in X
Positioning error 0.2pm -18.9num —
inY
Positioning error -1.0pm 21.0pm
inZ
Straightness of X 0.6pm 0.3pm 0.3um
axis(Y direction)
Straightness of X 0.4pm 0.8pm 0.5pm
axis(Z direction)
Straightness of Y 0.1pm 0.3pm 0.4pm
axis(X direction)
Straightness of Y 0.9um 0.5pm 0.9um
axis(Z direction)
Straightness of Z 0.3pm 0.6pm 1.0pm
axis(X direction)
Straightness of Z 1.3um 0.8pm 0.7pm
axis(Y direction)
Squareness of X-Y -1.2pm 2.4pm -1.7nm
Squareness of X-Z 1.2pm -3.3um 0.5um
Squareness of Y-Z 1.9pm -3.7Tum -0.1lpm

*All the errors are over the range of 120mm
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Fig.2 Measured and estimated positioning errors
(Top: linear positioning error in x PX (X) R

middle: Py (y) , bottom: Pz (Z) )
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Fig.3 Measured and estimated volumetric errors
(Top: positioning error in x for the motion toward Y

Px(y) , middle: PX(Z) , bottom: Py (z)

4. &5

ek EXLTIE L —YREh E SR O F MOy b T
TREBICE Y REZRREBENBENIMESLHS. &y
N7y IRBICRERENES SN NTZDOH LNER
EERE L. EETOMIETIE, %0 HROMER DM
FEZOWT, HEROERLE AW RIE/BRIZIE, R
L 20 u m FRE DFRZENHI, Eﬁﬁfil*ﬁfﬁﬁiﬁb\:&ﬁ?
RENTZ. FREAEREOMNOEIIIONTS, R
OERIZ L BREMBE Y LH LERILIC X B REMN
FEREIZEMEZ R L, FERBEE 2um DL & e o7,

23 3R

(1) Wang, C.: Laser vector measurement technique for
the determination and compensation of volumetric
positioning errors, 2000 American Institute of

Physics(2000) )
(2) T, KARAI—, FE : L—F 2T > 75t A
SRR OHEEE, HAR

ﬂi"fﬁﬁb\f_T{’F%W@ WotZE
TS 2 2007 4 FE AR R R 2258 i SC£E(2007)





