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DEVELOPMENT OF A DESIGN SCHEME OF A SINGLE-SUPPORT DRIVE
SYSTEM WITH AEROSTATIC BEARINGS

This study introduces an enhanced computational model for a single-support spindle
system equipped with aerostatic bearings, intended for use in semi-automatic
monocrystal cutting machines. The model addresses critical geometric and
operational features specifically, a low relative bearing length (. < 0.5) and conical
support surfaces which are not adequately considered in conventional calculation
methodologies. To improve modeling accuracy, the original bearing geometry is
transformed into an equivalent radial configuration, allowing adaptation of an
existing method. The approach includes the assessment of radial displacements and
evaluates the influence of gas-lubricant parameters, supply pressure, and stiffness
coefficients. The proposed model enables more precise estimation of the bearing’s
load-carrying capacity and stiffness, thereby enhancing the operational stability and
performance of the spindle unit. The findings emphasize the importance of
accounting for specific geometric deviations in bearing analysis.
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Introduction. The calculation scheme involves identifying and taking into
account those features of the drive that have a crucial effect on its properties, their
non-transformation, qualitative and quantitative assessment, and, at the same time,
abstracting from insignificant features [1].

The aerostatic bearing of the considered single-support system of the spindle
assembly of a machine tool and semi-automatic cutting of single crystals (Fig. 1) [2 ]
has the following features

- a relatively large bearing diameter relative to the length, which leads to a small
value of the parameter A = L/2R (relative bearing length), this parameter affects the
result of calculating the integrated characteristics of the aerostatic support;

- bearing surfaces have the shape of a cut-off cone, i.e., are inclined to the axis at
an angle o.

Existing methods for calculating gas supports [2, 3, 4, 5] do not consider
aerostatic supports with small X (less than 0.5) and conical bearing surfaces with an
angle a greater than 20°. The methodology outlined in [6] does not provide for radial
eccentricity, while in our case, exactly radial displacements are calculated. In [2],
bearings with A not less than 0.5 are considered, which is actually twice the calculated
case, and if no additional technical measures are taken, the pressure drop in the middle
part (and along the entire length) of a short bearing increases, and, accordingly, the
bearing capacity decreases. A calculation without taking this feature into account will
show an increased bearing capacity.
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Calculation methods based on [3, 5] are intended for hybrid bearings, where the
bearing capacity directly depends on the rotational speed, and not only on the pressure
of the injected air, while the non-contact drive in this study can operate in the
suspension mode. Moreover, its entry into the operating mode of rotation involves, at
the initial stage, the creation of an erostatic suspension of the rotor, and then the
communication of rotation to it at a given angular velocity. The methodology [4] does
not include the calculation of supports with an angle o greater than 22°.
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Fig. 1. Model of a single-supported non-contact spindle assembly of a semi-automatic
single-crystal cutting machine:

1 - movable support part of the aerostatic bearing;

2 - fixed support part;

3 - tool mounting device;

4 - magnetic system (secondary element of a synchronous electric machine);
5 - gap with gas (air) lubricant;

6 - lubricant (process air) flow restrictors and feeders;

7 - annular chamber of air lubrication supply;

8 - labyrinth outlet for air lubrication;

9 - inlet channel;

10 - intermediate annular chamber;

11 - labyrinth seals rings.

Presentation of the main material and discussion on the research results.
Among the listed methods for calculating aerostatic bearings, the closest to the studied
single-support system of a contactless drive is the method described in [7]. However,
it considers aerostatic bearings that do not have a taper, so to use it, we will accept the
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following assumptions and a calculation model in which all parameters of a radial
thrust bearing are correlated with the parameters of a radial bearing (Fig. 2) to obtain
the reaction of the lubricating layer on the surface of the same area, with similar
conditions of gas lubrication supply.
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Fig. 2. Design scheme of an aerostatic bearing
The calculation scheme includes the following changes:

The bearing contact surfaces, with an angle of inclination relative to the axis of
rotation of o, are rotated to a horizontal position at which a. = 0. The rotation was
performed around a point at the middle radius of R =(R;, — Rmax)/ 2, which made

it possible to achieve identity with the method of [7], while leaving the basic design
without significant changes.

The total length of the aerostatic bearing L consists of two lengths of tapered parts
and a space between them, which is a pressurized chamber (not drained) that allows
them to be connected into a single bearing surface.

To be more compliant with the calculation methodology [8], the labyrinth seal
rings were removed.

The initial value of the boost line spacing b= I*/L =0.5 is varied during the
calculation to obtain the maximum lift force Wr.

Let's set the main parameters and the necessary ranges for their variation:

Assume that the lubricant for the bearing will be the air, which at a steady-state
operating mode has a temperature of t = 40°C, which corresponds to the air viscosity

n=1910° kg and the speed of sound a = 355.6 m/s.
m-sec
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According to the design model, the bearing has a radius of R = 175 mm, a length
of L =97 mm, and a variable average clearance of C = 10...40 um.

The process air is supplied through the inlet from an external source with a
pressure of ps= 0.3..0.63 MPa. It enters the gap between the movable and fixed
bearing surfaces through two rows of flow control devices with a diameter of Dd = 0.5
mm, and a number of N = 22 in one supercharging row, the distance between the rows
(lines) I* = 40 mm. In this case, the air lubricant passing through the gap of the
aerostatic bearing is throttled twice in the flow control device (feeder) and in the
working gap.

Let's assume that a radial aerostatic bearing is lightly loaded, i.e., the radial and
angular displacements of the moving support part from the coaxial position are small
in comparison with the maximum possible displacements, which depend on the size of
the radial gap. In this case, the calculation of aerodynamic forces caused by
displacements of the moving support part is reduced to determining the degraded
stiffness matrix, in the absence of rotation, it consists of only two elements: K~* and

K, the specific coefficients of radial and angular stiffness, respectively.

These coefficients fully characterize the bearing capacity and stiffhess of the
radial suspension. The initial data for calculating the specific stiffness
coefficients K # and K, are the physical parameters of the considered aerostatic

bearing, which are described in [9]:

- gas lubricant supply pressure p, ;

- external pressure p,;

- constant i, depending on the type of flow control device;

- dimensionless geometric parameters - elongation A and relative separation of the
boost lines b;

- dimensionless mode parameter M (a complex value characterizing the design
and operating conditions of the support).

Conclusions. The study develops a design scheme for a single-support drive
system with aerostatic supports, which allows for a more accurate assessment of its
characteristics. The limitations of existing calculation methods are revealed and an
improved approach is proposed that takes into account the peculiarities of the bearing
geometry and operating mode. The calculation results indicate the importance of
taking into account small values of the parameter A and the taper of bearing surfaces to
improve the accuracy of modeling the bearing capacity of the system. The proposed
scheme makes it possible to improve the efficiency of the machine tool spindle
assembly and ensure the stability of its operation.
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PO3POBKA KOHCTPYKTUBHOI CXEMH OTHOOIIOPHOI ITPUBOTHOI
CUCTEMMU 3 AEPOCTATUYHUMMU NIAIIUITHUKAMUA

Y crarti poO3MISHYTO YJOCKOHAJICHY pO3pPaxyHKOBY CXeMy Uil OJHOMIATPUMHOT
O€3KOHTaKTHOI IIMHMHAEIBHOI CHCTEMH BepcTaTa Uil HANiBaBTOMATWYHOTO  Pi3aHHS
MOHOKpHcTaliB. OcoONMBY yBary NpHUIiIEHO TEOMETPHIHUM Ta PESKUMHIM XapaKTePHCTHKAM
aepoCTaTHYHUX OTOP, 30KpeMa MaJIOMy 3HAYCHHIO BiTHOCHOI HOBKMHH miammmHuKa (A < 0,5)
Ta KOHIUHIH (opMi OMOPHUX MOBEPXOHb. BHSBICHO, IO HAsBHI METOAM PO3PaXyHKY HE
BPAaxOBYIOTh BIUIMB IMX OCOOIMBOCTEH, IO MPU3BOJUTH OO HETOYHOCTEH y BH3HAUCHHI
HECY4ol 3IaTHOCTi. 3amporOHOBAaHO aIalTOBaHy MOJENb, fKa JO3BOJSE TpaHchopMmyBaTh
KOHIYHY ONOpYy Yy IUIOIIMHHY JUIi BHUKOPUCTAHHS ICHYIOUHMX METOJUK. YTOYHEHO (i3uKo-
MEXaHiYHI MapaMeTpy IOBITPSIHOI 3Ma3KM, a TaKo)XX BHM3HAUEHO Jiara3oHd 3MIH BXIZHUX
mapaMeTpiB Ui JOCSATHCHHS MAaKCUMAJbHOI MiZHOMHOI Cuid. Pe3ynbTaTé J0CHiIKeHHS
IIKPECITIOIOTh BXKIIMBICTh BPaxyBaHHSI €KCIIEHTPHCUTETY Ta >KOPCTKOCTI IPH MOJIEIIOBAHHI
MOBEIHKU MIANIUITHAKA Y HEPYXOMOMY CTaHi. 3alpOMOHOBaHA CXeMa MOKpAIlye€ TOYHICTh
pO3paxyHKIB 1 miABHIIYE C(PEKTHBHICT, pOOOTH UIMHMHIACAbHOrO By3na. lle cmpuse
MiABUIICHHIO HATIMHOCTI Ta CTabiIhbHOCTI (PYHKIIOHYBaHHS BEpCTATiB 3 OE3KOHTAKTHUM
MIPUBOIOM.

Kaw4oBi cioBa: aepocTaTHYHMIA MiNMIWITHUK, NAHACTBHUNH BY30JI, OJHOOIOPHA
chcTeMa, Ta30Be MacTWIO, paJiaJbHe 3MIIIEHHS, MiAHOMHAa cmia, KOHIYHA OIIopa,
OE3KOHTAKTHHUI TPUBI.
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