5549 % 55 5 ] IR B ¥5HK Vol. 49 No. 5
2017 49 J1 ADVANCED ENGINEERING SCIENCES Sept. 2017

MM A2 DOIL:10.15961/j jsucse.201700242

S RESEREETMTEGEIZRENZ WL IE T
T oLk &L B EEE

(LA FRHE R MUMH T TR AR, DU AR 611731; 2.0 [ A2 Wy R AM 9% B AU 1 T 258 55 T, Uil 43 FH 621999)

1 N T AR AL A R T R R S TE IS b ICR E RS R AR AR, 2 T A TR
R 327 ) 25 A 13 AR ) ] B0 32 T30 D7 125 o i AR A0 9 00 ek 500 7 BT LSRR N (AR 45 5 9 D7 500
A T 00 R BE R 22 AT JLAT R B, A2 TORTRI B A RIR (B R B9 LT SRS 7EFLUENT -5 F A 8 4
AR BA , IR FH RS 3B 75 125 ] g SR A N-S O R R AR 5028 By s A, BIF5E 1S [R) I A ] i £ e 1 ) X0 YT 32
T3 EBEGM A R T30 A A U A A LA, S B IB R R 22 R [l B R 22 R M ML AT 5 5 AR R [
VR 2R R 25 L BT 28 AU s Al [ A % 2 1) 2 IR 3R, I 15 22 Bt G 0% 2 MRk (L 1) 18 0 i 25 A, A B iy
[ e 2 22 ) ARG T 33 I R 22, BRI, [l e R 2 WA o 5 Tt o G B [l e iR 22 i S 06 5, X EL AT
1l B 22 FL o 2 A s Al [ e i 22 AT o, A% [ B 50 2 D 50 mm (CHG v 0 357 3 L RE | (BRI B2 | (680 B8 25 5 | R ) [
FER2E ), THRR AT I IR B2 15 22 223 nm [ 576 15 22 (146%, 15 114 [ 2 15 2 J2 5 ) E 4l IR 188 1) E 2 3R,
TE T R 4 [0 R 22 0 W 0 16 B0 S8 P R B 1

RERIR: 2 AL 2= R RR; B2 5 [ RS

FE S E S THI32.4 XRKPRERD:A X EHHS:2096-3246(2017)05-0191-08

Influence Mechanism Analysis of Rotary Error on Porous Aerostatic Spindle
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Abstract: A prediction method based on computational fluid dynamic and dynamic mesh technology was proposed to solve the prob-
lem of the porous aerostatic spindle rotation error quantitatively accurate in theory.First of all,the geometric models with different
waveform and amplitude were established according to the experimental data based on the frequency and amplitude of the spindle ro-
tor roundness error.Then the N-S equation and Newton’s laws of motion were solved to figure out the influence law of the roundness
error on rotary error by FLUENT.The influence of the force of the X/Y direction,velocity distribution,pressure distribution and displacement
trajectory of rotor with different waveforms and different amplitudes were studied,and the analysis of the influence law of roundness error on rota-
tion error was achieved.The calculation results showed that the roundness error is the main factor of the rotary errors which deteriorates signific-
antly with the increase of amplitude error and the rotary error caused by even wave is significantly lower than the odd wave.Finally,a high preci-
sion rotary error measurement experiment platform was set up to measure the rotation error of the porous aerostatic spindle.The measured rota-
tion error is 50 nm (including the rotation error caused by vertical degree,cylindrical degree,roundness and etc.) and the calculated rotation error is
23 nm,accounting for 46% of the experimental date.It can be concluded that the roundness error is the main factor affecting the rotation accuracy
of the spindle, and the validity and accuracy of the rotary error analysis method are also verified.
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Fig.1 Flowchart of solving rotation error
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Fig.2 Measurement of two kinds of spindle roundness er-
rors
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Fig.3 Modeling of roundness error of spindle
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Fig.4 porous aerostatic bearing model and meshing
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Fig.5 Spindle X and Y direction coordinate changes un-
der different amplitude for single-wave
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Fig.6 Spindle X and Y direction coordinate changes un-
der different amplitude for double-wave
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Fig.8 Spindle X and Y direction coordinate changes un-
der different amplitude for Three waves
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Fig.9 Spindle X and Y direction coordinate changes un-
der different amplitude for four waves
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Fig.12 Velocity vector cloud of ideal and three wave
spindles in certain time
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Fig.13 Change of spindle speed and force during dynamic
process
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of waveform
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