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We propose the measurement method for location errors in a horizontal 4-axis machine tool using a touch trigger probe
and a sphere artifact. Location errors (type of geometric errors), are values that do not change with the position of each
feed axis because these errors are usually fixed in an assembly procedure. There are seven location errors in a horizontal
4-axis machine tool; three squareness errors in three linear axes and two squareness and two offset errors in a rotary axis.
The positions of center point of sphere artifact on a rotary axis are measured by a touch trigger probe mounted on a tool
axis. Because measured center points are expressed by seven location errors via the homogeneous transformation matrix,
location errors can be separated by analyzing measured data. To validate the proposed method, measurement experiments
were performed on a horizontal 4-axis machine tool. Measurement results were verified by comparing before and after

compensation.
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Fig. 2 Location errors in 4-axis machine tool
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Table 1 Location errors in a 4-axis machine tool

Symbol Explanation
Qyz Squareness error between Z and Y-axis
Prx Squareness error between X and Z-axis
X Squareness error between X and Y-axis
gz Squareness error between B and Z-axis
X Squareness error between B and X-axis
OBX Offset error of B-axis in X-direction
Oz Offset error of B-axis in Z-direction
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Table 2 Experimental results

R Aw. H, H, Qyz Prx Var's [27:74 VBx Opx Opz
unit mm mm mm mm prad prad prad prad prad pum pum
Exp.1 218.0956  -1.3493  241.7629 741.7414  -17.06 -10.59 -0.44 -4.56 -8.96 2.86 -7.11
Exp.2  218.0955 -1.3495 241.7634 741.7422  -17.49 -10.43 -0.73 -5.01 -9.13 3.33 -7.34
Exp.2  218.0955 -1.3492 241.7633 741.7432  -17.43 -9.36 -1.10 -4.90 -10.18 2.76 -7.24
Avg. 218.0955 -1.3493  241.7632 741.7423  -17.33 -10.13 -0.76 -4.82 -9.42 2.98 =723
2sigma  £0.0001  £0.0004  +0.0006  +0.0018 +0.47 +1.34 +0.66 +0.47 +1.32 10.61 +0.23

(a) Sphere artifact 1
Fixture height : 200mm

(b) Sphere artifact 2
Fixture height : 700mm

Fig. 5 Experimental setup for horizontal 4-axis machine tool
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Fig. 7 Squareness error compensation method

Table 3 Comparison the experiment results before and after
compensation

Qyz Pux Yex Qpz VBx Opx Opz
Before -17.33 -10.13 -0.76 -482 -942 298 -7.23
After 6.91 5.36 6.15 -1.09 -1.86 128 3.14
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