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A Reverse Kinematic Approach for Error Analysis of

a Machine tool

Using Hemispherical Helix Ball bar test

Seung Han Yang*, Ki Hoon Kim**

ABSTRACT

Machine tool errors have to be characterized and predicted to improve machine tool accuracy. A real-time error
compensation system has been developed based on volumetric error synthesis model which is composed of
machine tool errors. This paper deals with new algorithm about verification of machine tool errors. This new
algorithm uses a simplified volumetric error synthesis model. This simplified model is constructed with only main
components among the error components of the machine. The main error components are analyzed by ball bar test
of hemispherical helix. The novel measurement method using ball bar system has many advantages which are

more efficient, easier to use than conventional measurement system.
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Fig. 2 Experimental Setup for Geometric Error
Measurements
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Table 1 Confidence Interval on the Mean of the
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Table 2 Result of Error Elements

Laser Difference between
measurement Ball bar test |Laser measurement
and Ball bar test
O -8.5619E-05*x -8.7176E-05*x 1.5571E-06*x
(mm)
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(mm)
6‘?2 -8.9221E-05*z -8.2013E-05*2 -7.2078E-06*z
(mm)
S” -2.657SE-05 -1.9447E-05 -7.1272E-06
(rad)
sz 3.8588E-05 4.5772E-05 -7.1843E-06
(rad)
Syz -1.1094E-04 -1.1912E-04 -8.1715E-06
(rad)
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Table 3 Comparison of the Value, §,,

“’&ﬁ;im 0 |254635|101.6]139.7|177.8|2159| 4
Laser
measurement|| 0 65|92 |-99 | -45|-71|-154|-18.1
(em)
Ball bar test
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Difference
0 |-43|37|-1 7 | 84 | 34 | 40
(gm) 017
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Table 4 Error of §,, §,, Elements

Maximum error of Mean of

between Laser. measurement difference

and lIst-order Ball bar test (um)| values(ym)
Sy 51 (y=127mm) 2.9
022 6.4  (z=254mm) 33
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Table 5 Comparison of the value, S,

Result of Maximum error
measurement Sy ¥y between
(rad) (y=495mm) mve;itgse(rgg)nt
S,y (rad)
Laser || -2.65746E-05 | -0.0132
n;:asuren:m -3.6
(rad)
il bar |l -1.94474E-05 | -0.0096
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Table 6 Error of S,, S,. Elements
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Result of S * x| error between
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