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Numerical Simulation of Flow Field and Carrying Stability in
Hydrostatic Oil Cavity Under Different Boundary Conditions

LIU Zhaomiao, ZHANG Chengyin
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Abstract Due to its good carrying performance, low frictional resistance, high precision and stability, the hydrostatic support system
becomes the core component in high—precision CNC machine tools. The study of the oil cavity’s carrying stability is important in order to
improve the precision of machine tools. In this paper, the flow and the bearing carrying capacity of the cycloidal hydrostatic oil cavity in
a hydrostatic turntable system is numerically studied for rotating speed ranging from 0 to Sm/s of the turntable and under varied boundary
conditions. The results show that the static bearing capacities of the oil cavity are reduced with the increase of oil film thickness. By
increasing the lubricant viscosity, the effect of vortex will be weakened and the stability of the oil cavity will be enhanced. With the
increase of the oil cavity’s depth and the inlet radius, the vortex effect will be enhanced and the stability of the oil cavity reduced. The
carrying capacity of the oil cavity diminishes with the increase of the oil film thickness. The oil cavity pressure due to the turntable’s
rotation is unevenly distributed and increases along the direction of the turntable’s motion. With the increase of the turntable speed, the
location and the size of the vortex vary in the oil cavity flow field and the strength of the vortex nearby the entrance is gradually
weakened and the vortex goes away from the entry. The distribution of the pressure is determined by the location of the vortex. When the
vortex is near the wall, the wall pressure will increase at that location. Otherwise, the wall pressure will decrease.
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Fig. 1 Schematic diagram of hydrostatic support
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different film thicknesses
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Fig. 6 Vortex pattern with different depth of oil cavity
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44



7.

R SH 2011,29(19) B 3t X (Articles)
SCIENCE & TECHROLOGY REVIEW
2.2B44 A FESE
4.2842
4.2840 4.2850[
raeki 4.2845
= 42836
B -
Z 4.2834 £ 4.2840f
# 4.2832 2
8] g 4.2835
4.2830
4.2828 4.2830|
4,2826
_— 4.2825|
4. 2822 4.2820 1 1 L L
0 0z 0.04 0.0 0.08
o o 02 o, 04 o, ns o, as n.l o 11 g 70z 504 0. 'c‘_ﬁ o o 12
b B AR T 42 S m A I
(c) 1.0m/s (d) 1.5m/s
4,2865
4.2860
4.2855
4.2850
o m
S 42845 S
E 4.2840 g
4.2835
42830
4.2825
4.2820 o W Jeog Gl o5 i 8 .a F 3
0 0.02 0.04 0.06 0.08 0.1 0.12
e |——)/
T SN U T T W NS WU WU WS N W —r——| | ST [N SO TR TR [N WU T SN [N T S S [N N S S NS S T |
0 0.02 0.04 0.06 0.08 0.1 0.12 ] 0.02 0.04 0.06 0.08 0.1 0.12
iy 1 T S 1 [ A T LG I e
(e) 2.0m/s (f) 2.5m/s
4.292
4.201
4.29
2 4,289
5 &
4,288
g 3
! 4.287
& r
4.286
4.285
4.284
4.283 L L 1
06 0.08
bbbl —————
9 9:02 9.04 9:96 0-08 0 01 o u.oz 0.04 0.06 u.os D.] o.lz
ol I AR T B S o B R 0 P S
(g) 3.0m/s (h) 4.0m/s
4.294
4,203 |
4.202 |
4.201
420
&
= 4289 -
E -
B a2
4.287 |
4.286
4.285
4.284
4.283 | 5 .
\H @qg @j’
n o oz o o4 3 ns o us 0.l 0. 12
il 7 4R 7 4 L/ m
(i) 5.0m/s

Fig. 10 Pressure distribution and the flow with field for different rotation speeds (continued)
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