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Abstract. Considering the errors of the restrictor and the hole in the form of ellipse, the influences of
assembly position of annular dlit restrictor and the errors value on stiffness coefficient and damping
coefficient of hydrostatic guideways are investigated. It is shown that assembly position of the
restrictor have great influence on dynamic coefficients of hydrostatic guideways. Moreover, the
greater of the errors value, the greater of influence of assembly position on the hydraulic resistance of
therestrictor, stiffness coefficient and damping coefficient. Under the same conditions, the influence of
assembly position on damping coefficient is greater than on stiffness coefficient. Improving the
meachining accuracy of the restrictor or the hole can reduce the influence of assembly position on
dynamic performance of hydrostatic guideways. During the process of adjusting the restrictor should
take into account the impact of assembly position.

Introduction

Hydrostatic supports have some advantages such as low running friction, high stiffness, high motion
accuracy, long service life, superior vibration-resistance and excellent adaptability. So hydrostatic
supportsare widely used in machine tools, aerospace industry, semiconductor industry, textile industry
and measuring instrument[1].

The restrictor is an indispensable part in the hydrostatic supporting system with constant pressure.
So the research on the restrictor is always the popular research area. The restrictor used in the
hydrostatic supports can be divided into following two categories: restrictor of constant hydraulic
resstance and restrictor of variable hydraulic resistance. Mizumoto[2] proposed a
hydrostatically-controlled restrictor using a floating ring. The stiffness of bearing with this restrictor
can be controlled by setting the design parameters. Meng[3] proposed three new type restrictors,
including variable clearance diding valve, variable clearance sheet and variable diameter capillary. The
static stiffness of hydrostatic bearing can be achieve infinite through reasonable design of these kinds of
restrictors. However, the dynamic response of hydrostatic support with these kinds of restrictors are
generally very slow[4].

Inaddition, there are alot of literatures on the research of restrictor of constant hydraulic resistance.
Chen[5] studied the influences of capillary restriction parameters on the stability of a Jeffcott
rotor-hybrid bearing system. Cheng[6] analyzed the effect of orifice and the eccentricity of the bearing
on performance of the hydrostatic bearing. But the restrictor of constant hydraulic resistance (such as
capillary and orifice) often suffer from blockage in the use of process.

A new type of annular dlit restrictor[7] isused asthe research object in this paper. The influences of
assembly position of annular dlit restrictor and the errors value on stiffness coefficient and damping
coefficient of hydrostatic guideways are investigated.
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Influence of assembly position of annular dit restrictor

Dimensionless stiffness coefficient (k) and dimensionless damping coefficient (T) of hydrostatic
guideways are obtained by small perturbation method based on Reynolds equation[8]. The flow
continuity equation is involved in the small perturbation method. The calculation method of the flow
rate of the lubricant through the restrictor is as follows.

Restrictor

Fig. 1 Schematic diagram of different installation position of annular dlit restrictor

Fig. 1 shows the schematic diagram of different installation position of annular dlit restrictor. The
errors of the restrictor and the hole are assumed as the form of ellipse[9]. Under the condition of no
machining errors, the radius of the restrictor and the hole are r and R, respectively. e and E are
cylindrical errors of the restrictor and the hole, respectively.

la=r+e

{b =r-e . Q)

{c=R+E

fd=R-E

Where a and b are the long axis and short axis of the ellipse error of the restrictor. c and d are the
long axis and short axis of the ellipse error of the hole.

The flow rate of the lubricant through the restrictor is derived ag 10]

_wr@h’(p- p)

QR=Q T gy, M (2

Where ps is the supply pressure, p; is the recess pressure, h. is the thickness of annular dit, the
equations of h. is expressed as

!h R@)-r@)

.| R(q) =/c? cos?q +d?sin’q : (3
r(q) \/a cos’(q-a)+b*sin’*(q- a)

Wherer(60) and R(0) are polar coordinate equations of the restrictor and the hole, respectively. a is

installation angle of the restrictor.
The hydraulic resistance of the annular dlit restrictor is obtained as follows,

Ps- P 4
R = o (4)

Results and Discussion

The variation of hydraulic resistance of the restrictor with o in the range of 0°~90° is shown in Fig. 2.
It isfound that the hydraulic resistance of the restrictor decreases with increasing the value of . The
influence of & on the hydraulic resistance of the restrictor isgreater at ahigher value of e. In the case of
E=e=10um, the hydraulic resistance of the restrictor is reduced by approximately 48% with o« from 0°
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to 90°. It is observed that the assembly position of the restrictor has a great influence on the hydraulic
resistance of the restrictor, and the influence on the flow rate is also very great.
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Fig. 2 Hydraulic resistance of the restrictor versus « at different e
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Fig. 3 Dimensionless stiffness coefficient versus o at different e
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Fig. 4 Dimensionless damping coefficient versus « at different e
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The variation of dimensionless stiffness coefficient and dimensionless damping coefficient with o at
different values of e are shown in Fig. 3 and Fig.4, respectively. Compared with Fig. 2, it is found that
the variation trend of dimensionless stiffness coefficient and dimensionless damping coefficient are the
same asthat of hydraulic resistance. In the case of E=e=10um, the dimensionless stiffness coefficient is
reduced by approximately 11% and the dimensionless damping coefficient is reduced by
approximately 32% with o from 0° to 90°. Thus, the influence of the assembly position of the restrictor
on the damping coefficient is greater than on the stiffness coefficient under the same conditions. As
seenfrom Fig. 2, Fig. 3 and Fig. 4, the change of e hasllittle effect on the hydraulic resistance, stiffness
coefficient and damping coefficient when the vicinity of a=40°.

Based on the above analyses, it is found that there may be a large difference in the dynamic
parameters of hydrostatic guideways in the two assembly process. Thus, improving the machining
accuracy of the restrictor or the hole can reduce the influence of assembly position on dynamic
performance of hydrostatic guideways.
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Conclusions

The effects of assembly position of annular dlit restrictor on dynamic coefficients of hydrostatic
guideways are studied. According to the results obtained, the following conclusions are evident:

1. Assembly position of the restrictor has great influence on dynamic coefficients of hydrostatic
guideways. The hydraulic resistance, stiffness coefficient and damping coefficient decreases with
increasing installation angle of the restrictor («). Moreover, the influences of installation angle are
greater at a higher value of errors of the restrictor ().

2. The change of e has little effect on the hydraulic resistance, stiffness coefficient and damping
coefficient when the vicinity of a=40°.

3. Theinfluence of the assembly position of the restrictor on the damping coefficient is greater than
on the stiffness coefficient under the same conditions.

4. During the process of adjusting the restrictor should take into account the impact of assembly
position. Improving the machining accuracy of the restrictor or the hole can reduce the influence of
assembly position on dynamic performance of hydrostatic guideways.
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