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A Study on the Estimation of Geometric Errors for Rotary Axes of
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Estimation and compensation of geometric errors for rotary axes are among methods to improve machining accuracy of
five-axis machine tools. Studies have been conducted on various methodologies for estimating geometric errors for rotary
axes, which are essential for improving machining accuracies of five-axis CNC machine tools. This paper presents a
method for estimating geometric errors of a rotating/tilting table using a cross-shaped calibration artifact with a touch trigger
probe. The proposed method includes rotary axes error estimation equations for angles of each rotary and tilt axis based
on locations of probing points. Computer simulations were performed based on a MATLAB/Simulink and ADAMS co-
simulation system using the probing cycle process to verify the proposed method. Computer simulation results confirmed
the usefulness of the proposed method in terms of volumetric errors.
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NOMENCLATURE

L, h, w [mm] = Length, Height, Width of Cross-
Shaped Calibration Artifact

7 [mm] = Radius of a Touch Trigger Probe

@4, @c larcsec] = Unit Rotation Angles of Rotary Axes
A, C, Respectively

P; [mm)] = j-th Position Vector of n-th Touch Point

XL, Y;, Z; [mm] = i-th Position of n-th Touch Point along
with the X, Y and Z-Axes, Respectively

A g [mm] = Resolution of Linear Axes

Agr [arcsec] = Resolution of Rotary Axes

Eqps [arcsec] = Set-Up Error of Cross-Shaped Calibration

Artifact on a Workpiece Table
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Neps = Normal Vector of Upper-Side of
Cross-Shaped Calibration Artifact
@, 6 ¢ [arcsec] = Rotation Angles along with the X, Y

and Z-Directions, Respectively

Acomp> Ccomp. [rad] = Compensation Angles of Rotary Axes

A, C, Respectively
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Fig. 1 Schematic of a rotating/tilting table of a TRT-CA type
machine tool

Table 1 Errors of associated with a rotating/tilting table

Symbol Description
E, o4 Angular positioning error of A-axis at 4 = 0°
Epos Squareness error of A-axis to Z-axis
Ecou Squareness error of A-axis to Y-axis
Epoc—Epoy Squareness error of C-axis to A-axis
Exoc Error of the position of C-axis in X-dir.
Eyvou Error of the position of A-axis in Y-dir.
Es oy Error of the position of A-axis in Z-dir.

Eyoc—Eyo, Error of the position of C-axis from A-axis in Y-dir.

g

Fig. 2 Schematic of the proposed cross-shaped calibration artifact
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Fig. 3 Probing points on the calibration artifact in the first and
second probing cycles
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Fig. 4 Probing points on the calibration artifact in the third probing
cycle
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Fig. 5 Schematics for estimating errors by rotating motions
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Fig. 6 Schematics for estimating errors by tilting motions
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Fig. 7 Five-axis machine tool (TRT-CA type) and the proposed
cross-shaped calibration artifact
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Fig. 11 Volumetric errors before compensating errors of rotary axes
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Table 2 Comparison of errors of a rotating/tilting table based on the computer simulation results

Exrror E 04 Epos Ecoq Epoc—Epoa Exoc Eyo, Ez04 Eyoc—Eyou
[arcsec] [arcsec] [arcsec] [arcsec] [pm] [um] [um] [um]
Random error 21.6 18 10.8 15 17 12 4
Estimated error ~ 21.5784 18.0086 10.8288 7.2194 14.9908 16.9500 12.0000 4.0666
Error rate [%] 0.10 0.05 0.27 0.06 0.30 0.00 1.67
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B eRol A A BRI HY Z2Hg Bgdte] 5
% B2 SR ZI5EH eAkE ek e AN
shick. AIAE Pue WA Fakn Holg Z3HS 7
oz oY oA mHE 9 HE & Z}Zof tigh 3
5 QAE A5k GRS sk, Ao 9] A
glol A= A5 =AY 4= ok WA, A Z2EE &
$3to] BEQY GFol H2sHE FHH 9K MBS AS
T 4 et BAl, Qo) el BH% ok F7
2 B3 PR we sluZel Y A% oA BE WY
T eng Ad wZAE &8 7IE W el A 9
244 e Be3tol mA we BUF oXf 24 A= 7|
ek o ok Ak e HrE AlEdelde VNte s
1% o} Wy WE A Fhex v B BFH9
o, I AW 55 FAVNAY A Ak FH 71T &
92 Aoltt.
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