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1. Introduction 

The 4-axis machine in Fig.1 is chosen to evaluate the 

generalized modeling in a specific case. The machine 

configuration can be divided into two groups, cutting 

tool group X- and Z-axis, and workpiece group Y- 

and C-axis. In reality, it is very difficult to measure 

directly the deviation of positioning errors of the 

cutting tool point when four axes move 

simultaneously. Hence, the machine evaluation 

process should be divided into two steps. 

 
Fig.1 The 4-axis machine tool 

Firstly, the ISO230-6 for determination of positioning 

accuracy on body-diagonals is used to compare with 

the estimated ones to evaluate the model. Thus, the 

three axes X-, Y- and Z-axis are evaluated. 

Secondly, the R-test method is used to measure 

deviation of cutting tool points when X-, Y- and C-

axis simultaneously move. Then, the direct 

measurement will be compared with the estimated 

one to evaluate the generalized model. 

 

 

2. Evaluation for X-, Y-, Z-axis 

As Fig.2 shows, three-face tests in the XY-, YZ-, and 

XZ-planes using the master square mirror and three 

capacitive sensors are used to measure six 

straightness errors. Laser interferometer system is 

used in the X-, Y-, and Z-directions to measure three 

linear motion errors.  

Fig.2 The three-point-probe measurements 

Hence, 21 errors, including 3 linear errors, 6 

straightness motion errors, 9 angular errors and 3 

perpendicular errors can be estimated.    

Fig.3 Volumetric error map 

In a 3D workspace, ISO 230-6 is used for acceptance 

and verification of machine performance. Hence, 

body diagonal displacement tests will be used as a 

comparison index to evaluate the volumetric error 

model. By substituting the measured errors calculated 

from the previous sections into the model, a 
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volumetric error map of the workspace XYZ = 

24024060 mm can be simulated as shown in Fig.3. 

The body diagonals PPP, NPP, PNP, and PPN 

following ISO230-6 can be estimated from the 

volumetric error map.  

To assess the accuracy of this procedure, directly 

measured ISO 230-6 body diagonals are compared 

with estimated ones, and the results are shown in 

Fig.4.  

Fig.4 Comparisons of four body-diagonals 

3. Evaluation for X-, Y-, C-axis 

Because the geometric errors of X-axis and Y-axis are 

determined in previous sections, only the error 

measurements of C-axis are addressed in this section. 

In which, the Spindle Error Analyzer of Lion 

Precision company is used to measure and analyze 

spindle error motions (dynamic and thermal) in 

accordance with ANSI/ASME and ISO. The 

experiment is shown in Fig.5. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Setup of Spindle Error Analyzer 

To assess the accuracy of this estimation, directly 

measured R-test are compared with estimated ones, 

and the results are shown in Fig.6 in which the green 

and red color lines are measured and estimated ones, 

respectively. 

Fig.6 Comparison of R-test 

4. Conclusions 

The maximum difference between the estimated and 

measured diagonal positioning deviation was 25%, 

and thus the estimated errors from the volumetric 

error model are reliable. 
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