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Abstract. Various types of bearing units are used for movable connections in mechanical engineering, and sliding pairs (sli-
ding bearings, guides, bushings) are rather widely applied for this purpose. This allows increasing stiffness of units to reduce
their dimensions, to improve heat dissipation and ensure reduction in noise and vibration. However in some cases while using
a sliding friction pair higher friction losses occur in comparison with ball bearings and probability is increasing for situations
when there is a jamming of friction surfaces. These problems have great significance for application of sliding bearings in
precision equipment, which typically operates under stabilized temperature and humidity conditions. So an aim of the
investigations is to develop methodological approaches for creation and rational design and manufacture of sliding friction
pairs based on application of coatings formed of composite antifriction materials which are used in vertical precision program-
controlled electro-spindles for high-speed machining. The paper considers issues pertaining to development and creation
of friction units for precision electro-spindles of high rigidity with sliding friction pairs on the basis of composite materials.
Diameters of sliding bearings can be rather large that makes it possible to obtain the required super-high accuracy in mechani-
cal processing and nano-metric roughness of the machined surface. A cutting speed (750 m/min or more) which is acceptable
with regard to quality of machining by a diamond-like tool can be achieved by placing a cutting edge of the tool on diameter
of 200 mm. Such approach permits to use lubricated sliding bearings in the spindle design. As a result, two tasks can be solved
in an integrated manner. They include the required rigidity of an electro-spindle for ultra-high accuracy of mechanical blade pro-
cessing and high smoothness of the machined surface providing nano-metric surface roughness with a decrease of macro-
deviations up to 1 pm from a middle surface line. It is worth to note that this is extremely important for a number of special appli-
cations.
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Mawiunocmpoenue

C MOJIIMITHAKAMH Kau€HMsl TIOTEPH HA TPEHHWE, NMOBBIIAETCA BEPOATHOCTH BO3SHHUKHOBEHMS CHUTYyaIlMH, KOTJa IPOMCXOJMT
3ae/laHue TPYIUXCs NoBepXHocTel. bosbioe 3Hauenue 3TH NpoOIeMbl UMEIOT B Cily4ae MPUMEHEHHUs MOAIUITHUKOB CKOJIb-
JKEHHUs B IPELU3MOHHOM 000PYJI0BaHNH, KOTOPOE, KaK MPaBuilo, ((yHKLUMOHUPYET NPU CTaOMIN3UPOBAHHBIX 110 TEMIIEpAType
1 BIIAXKHOCTU BHEIIHHUX YCJIOBHAX. I109TOMY 1eJIbIO HCCIen0BaHuil sABsIach pa3paboTka METOIMYECKUX MOAXOJ0B K CO3/1a-
HUIO M PAlIOHAILHOMY KOHCTPYMPOBAHHMIO M W3TOTOBJIEHHIO IAp TPEHHUs CKOJILKEHUS HAa OCHOBE NPHMEHEHHS IOKPBITHI
U3 KOMIIO3ULMOHHBIX AHTH(QPHKIMOHHEIX MATEPHAJOB, HCIONB3YEMBIX B BEPTHKAIbHBIX MPELHU3HOHHBIX IPOTPAMMHO-
YHPaBIISEMBIX 3NEKTPOLIITUHACIAX [/ CKOPOCTHONH MEXaHHIeCKOH 00paboTKu. PaccMOTpeHk! BOMPOCH pa3pabOTKH U CO3/1a-
HUS TIOAIINITHAKOBBIX Y3JI0B NPEUU3HOHHBIX 3JIEKTPOIINHHAECIEH OBBIIEHHOH KECTKOCTH C TIapaMH Iap TPEHHs CKOJIbKeE-
HMS Ha OCHOBE KOMIO3HMILMOHHBIX MaTepuasioB. /lnaMeTpsl MOJIUIMIHIKOB CKOJIBXEHHS MOTYT OBITh JOCTATOYHO OOJIBIIMMH,
YTO MO3BOJISIET JOCTHIHYTh TPEOYEeMOH CBEPXBBICOKOH TOYHOCTH MEXaHHUECKOH 00pabOTKM U HAHOMETPHUYECKOH MIepOXOBa-
TOCTH 00pabaThiBaeMoi oBepxHOCTH. [Ipremiemsle ¢ mo3unuii kauecTsa 0OpabOTKH aIMa30Mnog00HBIM HHCTPYMEHTOM CKO-
poctu pesanus (750 M/MuH 1 6011e€) MOTYT OBITH JOCTUTHYTHI IIPH pa3MELIEHUH PEXYIEH KPOMKUA HHCTPYMEHTA Ha JUaMET-
pe 200 MM, 4TO MO3BOJISIET MCHONIB30BaTh B KOHCTPYKIMH HIMUHES CMa3blBaeMble MOJIIMITHUKN CKONbXeHUs. Benencraue
9TOr0 KOMIUICKCHO PEMIAIOTCS JBE 3aJa4u: JOCTUraeTcsi He0O0X0 uMas I CBEPXBBICOKOH TOYHOCTH MEXaHMYECKOH JIe3BHIl-
HOIl 00pabOTKM KECTKOCTh HJIEKTPOILIUHIEINS; 00eCIIeYnBaeTCsl BHICOKAs IUIABHOCTh PabOTHI, MO3BOJIAIONIAs JOCTHYh HAHO-
METPHYECKOH IIEPOXOBATOCTH MOBEPXHOCTH NPH CHIKEHHH MaKPOOTKIOHEHHH 0 1 MKM OT cpeJlHEH JMHHUHM NOBEPXHOCTH,
YTO B COBOKYITHOCTHU UPE€3BBIUAHO BaXKHO IS PsAJia CTIENUAIbHBIX TPUMEHEHNUI.
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Introduction

In mechanical engineering various types of
bearing units are used in moving connections, the
simplest and economically feasible of which in-
clude rolling and sliding bearings. Sliding friction
pairs (sliding bearings, guides, bushings) are wide-
ly used in some units despite the higher complex of
service properties of rolling friction pairs in terms
of efficiency and resource [1]. This allows increa-
sing the stiffness of units, reducing their dimen-
sions, improving heat dissipation and reducing
noise and vibration. But there are higher friction
losses, probability in the increases of situations in
which there is a jamming of friction surfaces for
application of sliding friction pairs compared to the
rolling bearings. These problems are even more
important for application of sliding bearings in
precision equipment, that typically operates under
temperature and humidity stabilized conditions.
In particular, this is important for vertical high-
speed precision electrospindles with high require-
ments for rigidity due to their use for machining
of accurate electronic engineering. In some cases,
high rigidity can be achieved by using sliding bea-
rings with composite antifriction coatings [2—4].

The aim of the work is the development of
methodological approaches to the creation and ra-
tional design and manufacture of sliding friction
pairs based on the composite antifriction materials’
coatings for the application in vertical precision
program-controlled electrospindles for high-speed
machining.
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Methodical approach and results

Fig. 1 shows the selection of the bearing unit for
precision spindles [2]. Let us consider this scheme in
more detail from the standpoint of the possibility to
achieve high speeds of blade machining.

The speed of mechanical blade processing is
determined by two factors — the rotational speed of
the electrospindle and the radius of the cutting edge
placement. While processing wafer of 200 mm
with cutting rotating tool, for example, cubic boron
nitride with a longitudinal feed table the diameter,
on which machining tool is placed can be roughly
taken equal to 210 mm. Thus, spindle rota-
ting speed equal to 1150 min ' is sufficient to
implement high-speed machining (cutting speed
for CBN over 750 m/min) (fig. 2a).

In sliding friction pairs based on modern com-
posite materials, including nanostructured ones,
sliding speeds and lubrication pressures can
reach 20 m/s and 6-8 MPa, respectively, with
a friction coefficient equal to 0.004-0.006 [3—14].
With this in mind, the diameters of the sliding
bearings can be large enough (fig. 2b), that allows
to achieve the required ultra-high precision ma-
chining and nanometric roughness of the treated
surface. For example, the diameters of the sliding
bearings even for traditional composites (bronze-
graphite or iron-graphite) for permissible sliding
speeds (8—10 m/s) can have quite acceptable value
of 140-170 mm with consideration of small speci-
fic pressures that are characteristic for finish ma-
chining with diamond-like instrument.
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The use of aluminum alloys in the manufacture
of electrospindles is prominent approach from the
standpoint of improvement of their dynamic pro-
perties, including the increase of own frequencies
of mechanical vibrations to prevent resonances.
As well the heat exchange can be increased for
electrospindle with forced cooling of its compo-
nents in this case. All together this allows minimi-
zing the shaft weight and improving the heat ex-
change during its cooling in comparison with the
steel spindle. In this design the working surfaces of
the sliding bearings can be made directly on the

electrospindle shaft. Composite antifriction coa-
tings can be formed on the shaft to increase the
wear resistance of the friction unit.

One of the promising ways of forming such
coatings can be considered as the implementation
of the following technological scheme:

— formation a coating with thickness
of 70-90 microns as a substrate on the working
surfaces of sliding friction pairs by anodic-cathode
micro-arc treatment (MAT), which will eliminate
the “pushing” of the support surface and the occur-
rence of jamming in contact with abrasive particles;

General Technical
Parameters

k4

Velocity, rigidity, accuracy of
movement, service life, heat
dissipation, reliability

!

Design of Main Shaft

Type of bearing, type of drive,
bearing design, method of
lubrication, cooling by water jacket

l

Size of Main Shaft

Length and diameter of shaft, rigidity of main
shaft, distance between bearings, shaft’s own
frequency, maximum of velocity, serial of
bearing

r

Parameters of Bearings

v

!

Fatigue life, rigidity, level of bearing’s
heat dissipation, service life of
lubricant, preliminary load, clearance,
accuracy, permissible static load

Assembling of Main

Shaft

Runout of shaft, accuracy of case, fit and
clearance, compression ratio of locking
cover, the amount of oil supplied, tightening
force of the nut

Fig. 1. Diagram of bearing unit selection [2]
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Fig. 2. Dependence of cutting speed v on number n of electro-spindle revolutions (a)
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Mawunocmpoenue

— preparation of the surface of the MAT-coa-
ting for subsequent processing;

— surface cladding of MAT-coating with anti-
friction material, for example, nanostructured com-
posite based on copper alloy.

In the considered technological scheme the
interrelated operations of preparing the surface of
the MAT-coating for subsequent cladding and its
cladding determine the adhesive strength of the
antifriction coating to the MAT-coating.

Research and analysis of the results of the above
scheme showed the following features. Even after
mechanical superfinish treatment of the MAT-coa-
ting’s surface (fig. 3a) the topography of this sur-
face remains sufficiently developed (fig. 3b).
Analysis of microstructures indicates the pre-
sence of a significant number of pores and
cracks (fig. 4).

Adhesion of antifriction materials based on
copper alloys during their deposition on the surface
of the MAT-coating by a mechanical method, such
as cladding with a flexible tool without further
processing, is relatively small. To ensure high ad-

hesion properties of the antifriction cladding layer
on the surface of the MAT-coating it is advisable
to use a technological scheme including:

a) mechanical treatment of the surface layer of
the MAT-coating aiming the removal of its most
defective zone which reduces the adhesive strength
of the coating deposited on the surface of the anti-
friction layer;

b) it is advisable to form on the surface of the
MAT-coating a nanoscale layer based on material
that fills the cavity, pores and cracks on its surface
during its deposition (for example, a copper layer
deposited by electron beam or laser treatment) to
ensure high adhesive properties of the antifriction
coating;

c) after the formation on the surface of sliding
friction pair an additional antifriction layer with
a thickness of 3—5 pm the subsequent additional
processing of the composite coating by plastic de-
formation is advisable.

Preliminary tests have shown the prospects of the
proposed technology for the manufacture of friction
units of electrospindles for precision machining.

b

HoZ0.%um T:20.08um 2:107.5mm [19.3:1]
RBa: 10.1mm  Rg: 1Z2.8mm 5]

Fig. 3. Sample with machined surface of MAT-coating (a) and topography of this surface (b)
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Fig. 4. Microstructure of MAT-coating (a) and view of through-the-thickness crack (b)
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CONCLUSIONS

1. While processing wafer of J200 mm with
cutting rotating tool, for example, cubic boron ni-
tride with a longitudinal feed table the diameter, on
which machining tool is placed can be roughly
taken equal to 210 mm. It allows the use of lu-
bricated sliding bearings in the spindle design. As
a result, two tasks are comprehensively solved:

— the necessary rigidity of the electrospindle is
achieved for ultra-high accuracy of mechanical
blade processing;

— high smoothness of processing is provided al-
lowing to achieve nanometric surface roughness by
reducing to 1 um deviations from the mean line of
the surface. This is together extremely important
for a number of special applications.

2. To improve the dynamic qualities of the
electric spindle its shaft can be made of aluminum
alloy and directly sliding bearings on the working
surfaces are made. This will reduce at least three
times the weight of the shaft in comparison with
the steel shaft and significantly improve the heat
exchange in the mechanical system. Working surfa-
ces of rolling bearings with a composite structure
based on MAT-coating can be created directly on the
shaft and cladded with a nanostructured antifriction
layer based on copper. Together, this will create a
high-speed precision software-controlled electrospin-
dle with a qualitatively new set of service properties,
including dynamic and stiffness characteristics.
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