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Development of Measuring Method for Positioning Accuracy of Tilting
Axes in Five-axis Machining Centers
—Development of Clinometer using a Rotary Encoder and a Level —

Chengri CUIL Kazuya TAKAHASHI , Masaomi TSUTSUMI and Ryuta SATO

This paper describes the measuring methods for positioning accuracy of tilting axes in five-axis controlled
machining centers with a tilting rotary table. The top surface of the tilting rotary table is generally in higher position
than the tilting axis. In this case, there is no measuring method except for a manually operated clinometer. Thus, a
clinometer consisting of a precision rotary encoder and a bubble level was firstly developed. In the method, operators
have to read visually the scale of the level and the reading accuracy is dependent on their ability. Instead of the
bubble level, an electronic level with high resolution was employed for comparison. A ball bar equipment was also
applied to measure the angular positioning accuracy of the tilting rotary table, as the ball bar equipment can
measure the angular displacement continuously.

Key words: five-axis, machining center, positioning accuracy, tilting axis, clinometer, rotary encoder, ball bar
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Fig. 2 Tilting rotary table
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Fig.3 Clinometer mounted on the tilting rotary table
of five-axis machining center

Tablé 1 Specifications of rotary encoder

Type Incremental
Resolution 0.36 arcsec
System accuracy +2 arcsec
Repeatability +0.18 arcsec
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Fig. 4 Relationship between the number of measurements and
the standard deviations
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Fig. 5 Angular positioning deviations of the A’-axis and the
standard deviations
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Fig. 6 Angular positioning deviations measured by the
developed clinometer
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Fig. 7 Angular positioning deviations measured by the
rotary encoder for feedback
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Table 2 Specifications of electronic inclinometer used

Full output +5.7 deg
Resolution 0.1 arcsec
Maximum Linearity 0.05 %FS(=20.7 arcsec)

Repeatability 0.001 %FS(*0.414 arcsec)

Frequency response (-3db) 50Hz
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Fig. 13 Angular positioning deviations measured by
the developed clinometer
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Fig. 14 Angular positioning deviations measured by
the rotary encoder for feedback
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