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Study on the Improvement of Motion Accuracy of 5 Axis Control Machining Center

(Influence of the rotating axis travelling range on the alignment error)

Naoshi TAKAYAMA*, Akai TAKAYUKI, Yoshimi TAKEUCHI and Toshiki HIROGAKI

** MORI SEIKI CO., LTD.
362, Idono, Yamatokoriyama, Nara 639-1183 Japan

The demand for five-axis machining centers is rapidly increasing to achieve process integration and high machining

accuracy. This paper proposes the development of a five-axis machining center with Table-on-Table structure due to the ease of

achieving high accuracy with a large rotary axis travelling range. Table-on-Table type structure can easily achieve a wide

travelling range, especially for the first rotating axis. The ease of achieving high accuracy with a large travelling range has been

verified by simulating the supposition of double ball bar (DBB) measurement. When the magnitude of alignment error is

estimated by using DBB measured data including motion errors of the rotating axis with the same order, it is shown by the

simulation analysis that the magnitude of the estimated alignment error depends on the travelling range.

Key Words : Accuracy, Generation Motion, Machine Tool, 5 Axis Control Machining Center, Alignment Error of Rotating Axis,

Motion Error, DBB
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a) Table-on-Table type

b) Trunnion Type

spindl

¢) Single-axis tilt spindle type

_spindl

table | spindle
e) I'ixed table type

| 2-axis rotary and tilt table |

Single-axis tilt spindle

| 2-axis rotational and tilt spindle |

Fig. 1 The types in each pattern of five-axis machining centers

(Zn2, XB2) AX (ZBo, XBo)

Center position of offset error : (Zgo, Xpo)

Offset error : AZpo=7Bo, AXBo= XBo

Angular error : 4Bz = (Zp1-Zn2) /(Y1-Y2)
ABx = (XB1-X2) /(Y1-Y2)

Fig. 2 Definition of offset error and angular error in rotational axis B
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Fig. 3 Flowchart for simulation
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Fig. 4 Examples of measured motion error
traces depending on rotational angle
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Fig. 5 Measurement of radial motion for
rotational axis B
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Table 1 Alignment error given at YO, Y1, Y2

. Offset error Angular error
Y Position
- A7y | AX;p AB, ABx
4m m m/ 350mm m/350mm
Y, : 350 10 10
Y,:0 0 10 10 0
Y,: =350 —10 10
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Fig. 7 Influence of the travelling range of
rotational axis on the offset error
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on the offset error
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developed machining center measured
by DBB5 method
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Fig. 12 Influence of the travelling range of
rotational axis on the estimated
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