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Formation and solving for the micro-waves of fly-cut surface introduced by spindle error
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Abstract:  In order to find out the formation mechanism of micro-waves on the fly-cut surface the spindle motion
error was sampled and a 3D topography simulation model was compiled. Firstly a nano-elass testing and evaluation system
was established on the fly cutting machine the displacement data was sampled and the spindle motion error was analyzed.
Then a 3D surface profile topography simulation model was established to analyze the micro-waves caused by the spindle
motion error. The simulated surface was compared with the measured surface to find out the error sources. Finally the
characteristics of spindle were improved by adjusting the control system of the spindle motor. The simulated 3D surface
profile topography was similar to that of the measured profile which verified that the macro-waves was caused by the
undulate of the spindle speed. When the spindle characteristics was improved the macro-waves caused by the spindle
motion error almost disappeared and the surface roughness reduced from more than 5 nm to 2 nm. It is thus concluded
that the undulate of ultra-precision fly cutting machine spindle speed causes macro-waves on the work—piece surface and
the undulate spindle speed must less than 0.5 r/min.

Key words: ultra-precision fly cutting; spindle motion error; surface roughness; macro-waves

5 nm

( PV 13 nm** .
M 2013ZX04006011 — 102 —001)
© 2015 -05 -05 12015 -09 - 17

1990 10 8-10 . CHENG 12-13
1981 4



2016 35

198
- AN M 1.1
LEE  ©2-B
o AN
2
Lion Precision SEA( Spindle
Error Analyzer) 5 o
1 XYZ
0 P(x v) :
T =Yxdi/(2 xpi xr) (1)
o Y di
r °
1
T X

° xg = NV =Y —r+fxT (2)

f o
Xo
’ Z=R-. R -(X-x)° (3)
‘R o
2
“ ” 14
6 mm 8.3 pm/r Rq =
1 L, L,
2 nm PV =4.2 nmo
ES5
=
ST
i 20 ——
40 wm————nr 15 160 -
s ¥lam 166 Xipm
£4
by
)
2
:é v 10 20 30 40 50
UITH R
T Y 2
Tt th/
Fig. 2 Graphical illustration of ideal profile topography
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Fig. 1 Schematic surface topography of fly cut surface
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Tab.1 2D and 3D simulated and measured surface topography
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Tab. 2 Simulated and measured surface results

Ra/nm PV/nm L/pm
n/(remm™") f/(pmes™")
300 60 4.39 2.09 25.29 7.21 61.5 62 0.8%
300 90 5.95 3.31 31.32 10.08 92.3 90 2.6%
390 60 5.95 3.18 29.42 10.38 63.7 63.3 0.6%
390 90 7.75 3.61 41.81 12.55 91.2 94 3.0%
1 2
2 nm PV 7 nm
3% o 10 nm PV
2 45 nm
(7) . .
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