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PARAMETERS AND CHARACTERISTICS OF A SINGLE-SUPPORT
DRIVE SYSTEM WITH TAPERED AEROSTATIC BEARINGS

A theoretical analysis of a single-point drive system with aerostatic bearings is
presented in this study, focusing on the selection and modeling of flow control
devices, in particular, annular diaphragms. The paper derives a dimensionless
operating parameter that relates the pressure drops between the lubricating film and
the flow control device, taking into account the properties of the gas and the bearing
geometry. A set of standardized formulas is used to determine the stiffness and lift
coefficients for subcritical laminar flow conditions. The model takes into account the
influence of conical bearing surfaces, which allows calculating radial and axial load
capacities, as well as ultimate moment loads. The results demonstrate a significant
dependence of performance on the average air gap and discharge pressure. Thus, the
simultaneous adjustment of these parameters can increase the bearing load capacity
by up to 24 times, while the practical functionality is maintained within a more
limited range of approximately three times the variability.

Keywords: aerostatic bearing, single-support system, diaphragm, flow restrictor,
gas lubrication, supply pressure, average clearance, laminar regime.

Introduction. One of the important points in the design calculation of a single-
support drive system with aerostatic bearings (Fig. 1) is the choice of the type of air
flow restrictors that create a pressure drop between the annular supercharging chamber
and the lubricating layer. This difference (ps- pg) is not known in advance. The drive
system with aerostatic bearings can be determined by the limiter (py), and the pressure
distribution (p) throughout the lubricating layer can be set using it. Let us use an
annular diaphragm as a restrictor, for which the following empirical condition must be
fulfilled.

Presentation of the main material and discussion on the research results. The
dimensionless mode parameter M characterizes the ratio of pressure drops along the
lubricating layer (pg-pa) and across the flow restrictor (ps-pq), depending on the design
features of the support and the properties of the supplied gas:

m _ Bnd N Dd (1)
C’p,

where C is the average gap at zero eccentricity;

N is the number of holes in one row of nozzles;

ng is the number of rows of nozzles;

B is a coefficient that depends only on the properties and temperature of the gas,
which is determined by the formula:

k+1
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where p is the air viscosity;
a is the speed of sound;
k is the adiabatic coefficient (for two-atom gases and air it is equal to 1.4).
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Fig. 1. Single support system on an aerostatic bearing.
k+1
The expression (LJZM in works [1, 2] is denoted by the adiabatic function
k+1

F(K).
Taking into account the above provisions, we obtain the final formula for
calculating the aerostatic support mode parameter:

k+1
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In accordance with the recommendations of [4], the obtained value of m should
be multiplied by the flow correction factor a,, which for annular diaphragms is 0.8.
The necessary data for further calculation are relative pressure p, and relative

m=

backpressure p, .
The first one expresses the ratio of the external (atmospheric) pressure p, to the

air supply pressure p, on the nozzles. The relative backpressure is the ratio of the
pressure at the outlet of the nozzle p, into the lubricating layer to the supply pressure

p, of the process air and is determined through the function ¢ by Prandtl
approximation [3]:
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where ¢ is a function that depends on the geometric parameters of the support
(relative length of the bearing - A and relative spacing of the boost lines b= I*/L):
‘= A(1-b)
==

The rate of air leakage through the nozzles is determined by the pressures p, and

p, or by one dimensionless value Py :

k.
2 k-1
[ (k +1) '

As the pressure differential increases, the air flow rate increases and reaches the
speed of sound at a certain (critical) value. If p, <0528, then the flow rate exceeds the
speed of sound, and compression surges can occur, which are characterized by energy
absorption and local pressure drops. For this reason, gas flow regimes through the
feeders must be subcritical. Typically, in aerostatic air supports, 0.528 < p, < 0.9.

The calculation of the counterpressure according to formula (2) for the considered
support under the condition that p, = 1 atm requires a reduction in the boost pressure

to values that ensure 0.528 < p, < 0.9, since the occurrence of a critical supersonic

regime does not guarantee stable operation of the support.
To calculate the stiffness coefficients of the support, we use standardized
formulas:

K = C2 K = ?,75mv . shb/l-ishbﬂ IOChM A3)
4AR"p, chA+0.5mU, -chbA-shbA APy i |
w__C ;0757
47°R*p, yl
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where EJ =1-b;iisa constant equal to 2/3;

V= p“ pa ;
Ab
Ur is the Prandtl approximation of the leakage function, which in the considered
case has the following form: U, = é;
2py
ibA shbA+chbrA—1 .
n= — is a complex coefficient;

shi.+0.5mU, shbi shbi
lo, 11, 1, is @ series of similar integrals, the solution of which has the form:
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To calculate the lifting force of a single-support system within the framework of
the linear formulation of the problem, we use equation:

dx ;

Wr = ﬂ’AZ P 'Wr = )’AZ pst‘c"r (5)
where A, = 4R? is the global scale of the area;
€, =%global scale area-relative eccentricity, the maximum value of which

corresponds to the ultimate load capacity of the support and can reach a value of 0.8 -
0.9, so that the residual clearance would be at least 2...3 microns;

The ultimate moment load on the support A/, is determined, in fact, by the

restoring aerodynamic moment, which is a linear function of the angle of rotation of
the axis of the movable part of the support:

M, =K'y a0-R%p, (6)
—_ AR . . o -
where Y = Fy is the bearing angular misalignment coefficient;

v is the axis misalignment angle of the aerostatic bearing.
-Roax M2, a radial thrust

bearing with tapered contact surfaces located at an angle a to the axis of rotation is
used, so the resulting effect of gas lubrication is directed at the same angle to the
radial direction (perpendicular to the surface). The bearing capacity Wy is determined
by the radial component (longitudinal QY) of the gas lubrication reactions:

W, =W, -cosa . ()

The bearing capacity in the axial direction, W,,, also depends on W, and a, but,
given that the tapered surfaces are directed towards each other, the axial load of either
direction is perceived only by that half of the bearing that is located in the direction of
the load.

Therefore, the load-carrying capacity of a radial contact bearing Wy, is
determined by half of the sum of the axial components (along the 0Z axis) of the gas
lubricant reactions:

In the considered single-support system R=(R

min

W, =%Wr-sinoc. 8)

Limit (at _pa —50) volumetric flow rate Q [m*h] of gas lubrication through the
support, adjusted to normal conditions:

3.2
_ZCP% h.3600. 9)
12pp,
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The results of the single-support aerostatic system main parameters calculations,
in accordance with (1)-(9), for various value of the average clearance C with air
lubrication and fulfilling the conditions of the subcritical and laminar regime of air-
lubrication flow are given in Table 1.

The obtained results showed a significant effect on the radial Wy, and axial Wy,

load-carrying capacities and ultimate moment load M, of the values of the average

clearance C and the pressure ps of the process air supply to the feeders.

While adjustment of the process air supply pressure ps is not a technical problem
and is frequently used in practice, the adjustment of the support by the clearance value
during operation is possible only for tapered aerostatic supports and is technically
much more difficult to implement. With the simultaneous adjustment of aerostatic
supports by these two parameters in the widest possible range, it becomes theoretically
possible to increase W;,, and W,,, by about 23...24 times (the corresponding stiffnesses

change at a similar level), and M, more than 40 times.

If we consider the adjustability of the aerostatic bearing within the limits of
ensuring the guaranteed functionality of the spindle assembly, the range is narrowed
by about 3 times. The highlighted rows of Table 1 include the maximum and
minimum values of the characteristics at which the spindle assembly will remain
operable, and their increment will be up to 8 times.

Table 1
Changing the parameters of a single-support system by varying the
average clearance and boost pressure
Maximum
A Load-carrying capacity of moment
Verage a single support system load )
clearance Supply M N-m Air
with air pressure to the L consumption
lubrication | feeders ps, MPa | i the radial | in the axial Q, m*h
C,m direction direction
Whey, N Wra N
10x10° 0.69 8192 2364 26716 2.4
15x10° 0.38 2524 728 6470 2.0
20x10°° 0.29 1131 327 2468 2.1
25x10°® 0.25 600 173 1177 2.2
30x10°® 0.22 335 97 611 2.3
Conclusion

It was found that changes in air supply pressure and average clearance
significantly affect the load-carrying capacity and stiffness of the support.
Optimization of these parameters can increase the efficiency of aerostatic bearings in
air-lubricated spindle assemblies.
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O.B. BPEHIEB, IIJI. HOCKO, O.B. BAILITA, A.O. FBALITA, M.O.PAJbKO,
B.O. TEPACHMOB

MAPAMETPU 1 XAPAKTEPUCTUKH OJIHOONOPHOI CHUCTEMH
MMPUBOJAY 3 KOHIYHUMHU AEPOCTATUYHUMMU NIAITUITHUKAMMU

Y po0GoTi mpeAcTaBIeHO TEOPETHYHHUHA aHAIi3 OJHOTOYKOBOI MPHUBOTHOI CHCTEMH 3
AepOCTATHYHIMH MiAIIMITHAKAMH 3 aKIEHTOM Ha BHOOpI Ta MOJENIOBAaHHI IPHCTPOIB
KepyBaHHS TIOTOKOM, 30KpeMa, KiTbIeBUX miapparm. Buseneno 6e3po3mipHuii podoumit
mapameTp, SKHi MOB'A3y€ IMEpernagd THUCKY MK 3MallyBaJbHOIO IDTIBKOIO i MPHCTPOEM
PEryIIOBaHHS IOTOKY 3 ypaXyBaHHSM BJIaCTUBOCTEH ra3y i reomerpii mimmumHuka. s
BHU3HAYCHHS KOC(]Iili€HTIB )KOPCTKOCTI Ta MiTHOMHOI CHIIH UIA TOKPUTHIHUX JIAMIHAPHUX
YMOB Tedil BHKOPUCTOBYETHCSI Hadip CTaHAapTH30BaHHX (GopMyia. Mojenb BpaxoBye
BIUIMB KOHIYHMX OMOPHUX HOBEPXOHb, 110 J03BOJISIE PO3PAXOBYBATH PaiaibHy Ta OCbOBY
BaHTAXKOIIIHOMHICTh, & TaKOXX TpPaHUYHI MOMCHTHI HaBaHTaXCHHs. Pe3ynbTaTn
JIEMOHCTPYIOTh 3HAYHY 3aJIS)KHICTh MPOIYKTUBHOCTI BiJl CEPETHHOTO MOBITPSHOTO 33a30pY
i TUCKYy HarHiTaHHs. TakuM 4YWHOM, OJHOYACHE DEryJIOBaHHS LUX IMapaMeTpiB MOXKe
30UIBIINTH HECy4y 3JaTHICTh MiAMIMIHUKA 10 24 pa3iB, B TOH 4Yac SK IpaKkTHYHA
(hyHKIiOHATBHICTE 30epiracTbcss B OUTHIT OOMEKEHOMY Jiama3oHi MPHONHU3HO BTPUYI
OinpIIOo1 BapiabenbHOCTI.

KoarouoBi cioBa: aepocTaTH4HMI MiAMIMITHUK, OJHOONOpPHA CHCTeMa, aiadparma,
o0MexyBad BUTPATH, Ta30BE MACTHIIO, THCK MOAAYi, CEpeHii 3a30D, JaMiHApHUNA PEXUM.
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