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Accuracy Evaluation and Enhancement of Machine Tools Using a
Kinematic Ball Bar

J.H.Moon*, H.J.Pahk**, C.N.Chu**

ABSTRACT

This paper presents an useful technique for assessing the volumetric errors in multi-axis machine tools
using the kinematic double ball bar. This system has been developed based on the volumetric error map
which describes the 3 dimensional errors of machine tools. The developed system inputs the measured radi-
al data of 3 different planes, respectively XY,YZ,ZX, analysing the volumetric errors such as positional,
straightness, angle, and ‘squareness errors, etc. The developed system has been tested in a practical
machine tool, and showed high potential for the error assessment of multi-axis machine tools.
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Fig. 1 Error measurement using the Kinematic Ball Bar
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Fig. 2 Errors in the one-axis movement
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Fig. 3 A column type structure for milling machine
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Key :

1 Ballbar transducer 5 Magnetic center mount
2 Ball joint(center mount) 6 Tool holder

3 Magnetic center cup 7 Extension bar

4 Magnetic tool cup

Fig. 4(a)Set up of the kinematic ball bar to calibrate
a 360°arc in the XY plane
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Key :

1 Ballbar transducer

2 Ball joint (center mount)
3 Magnetic center cup

4 Magnetic tool cup

5 Magnetic center mount

6 (not used)
7 (not used)
8 Machine spindle
9 Magnetic stand

Fig.4(b) Set up of the kinematic ball bar to calibrate
a 360°arc in the YZ and ZX plane
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GO1 Y-151.5
M30

Fig. 6 CNC code for the ball bar measurement
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Fig. 7 Measurement data using the kinematic ball bar

Positional Error Squareness Error

dxx1l = -0.002426 alpha=  0.003148
dxx2 = 0.000000 betal=  0.002735
dxx3 = 0.000000 beta2=-0.000508
dyyl = 0.006769

dyy2 = 0.000000 Backlash Error
dyy3 = 0.000000 dsb= 0.005903
dzzl = -0.011593 dyb=0.011342
dzz2 = 0.000000 dzb= 0.002882
dzz3 = 0.000000

Servo Mismatch

Straightness Error ( Pitch & Yaw) xy_mis=  0.005874
dxy2 = 0.000986 yz_mis= -0.019484
dxy3 = 0.000000 zx_mis= -0.001987
dxz2 = -0.001688
dxz3 = 0.000000
dyx2 = -0.000514
dyx3 = 0.000000
dyz2 = -0.005177
dyz3 = 0.000000
dzx2 = -0.001838
dzx3 = 0.000000
dzy2 = -0.001986
dzy3 = 0.000000

( Unit : mm , Measurement Range : 150 mm )

Table 1 Results of the assessment of the machine
tool volumetric errors
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Fig. 8 Measurement data after the parametric error
compensation
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