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THE EFFECT OF THE RADIAL CLEARANCESON THE DYNAMIC PROCESSESIN ROLLING
BEARINGS

A method for calculating the parameters of shodkgrigenerated in rolling bearings due to the pesef radial clearance in them is proposed. The
method is a further development of theoreticalaesein the scientific direction of vibration-puld&gnostics in relation to the operational assess-
ment of the technical condition of bearing unitscamponents of the gear drive mechanism, whickelgrdetermine the drive resource as a whole.
The calculation is based on the consideration efpitecession movement of the bearing axis, whicaites during the rotation of its shaft, and the
theory of shock interaction of elastic bodies byH8rtz. The mechanism of occurrence of shock puiassbeen studied with an additional introduc-
tion to the calculation of the radial force actimg the shaft. It is shown that wear, which causemerease in the working radial clearance between
the races and the rolling bodies in the bearinggeimses the speed and amplitude of the impacaaiten of the inner ring with the rolling bodiesn A
example of calculating the parameters of shockgsuis ball radial single-row bearings of the 30feseis given. Conclusions are made about the
prospects of using the developed method for diagrsoand forecasting the remaining life of bearinfjfransmission units of mobile machines.
Keywords: rolling bearing, dynamic process, technical conditidiagnostics, radial clearance, shock pulseksholse parameters.

C.A.T'ABPUJ/IOB,H. H. IIIIHH, A. M. TOMAH, A. C. CKOPOXO/OB, I0. A. JAKAJIO
BIIVIMB PAJIIAJIBHUX 3A30PIB HA JUHAMIYHI ITPOIECH B NIJIMUITHUKAX KOYEHHSA

3anpoNoOHOBAHO METOJ| PO3PaXyHKY MapaMeTpiB yIapHHUX IMITYJbCIB, 1[0 TEHEPYIOThCS B MiAIIMIIHUKAX KOYCHHS Yepe3 HasBHICTh B HUX pajlialbHUX
3a30piB. MeToJ € MOJANBIIMM PO3BUTKOM TEOPETUYHUX JOCITIXKEHb 3 HAYKOBOIO HANpPAMKY BiOpaI[ifHO-IMITYJIbCHOTO JiarHOCTYBAHHS CTOCOBHO
eKCILTyaTallifHOi OIHKH TEXHIYHOTO CTAaHy IiJIIMITHUKOBHX BY3IIB SIK CKIAJOBHX €IEMEHTIB 3y0UacTOro MPHBOIHOTO MEXaHi3My, 3HAUYHOIO MipOIO
BU3HAYAIOTh Pecypc MPHBOAY B LiIOMY. B 0CHOBY po3paxyHKy MOK/IaJEHO PO3IIIAA MPELeciiHOro pyxXy oci MiJIINITHKKA, sIKe BOHA 3/ifICHIOE B Tpo-
neci odepTaHHs HoOro Baja, i Teopis yxapHoi B3aemonii npyxuux Tin I'. I'epiia. MexaHi3M BUHUKHEHHSI yAApPHHUX IMITYJIbCIB TOCIIDKEHHUH 3 ypaxyBaH-
HSIM JIOIATKOBOTO BBEJCHHS B PO3PAXYHOK BEIHYMHHU PadiaibHOI CHIH, IO Ai€ Ha Baj. [Ioka3aHo, 110 3HOIIYBAHHS, OyAydH NPHYNHOIO 301IbIICHHS
po6ovoro pagiaibHOro 3a30py MK 000MMaMH 1 TijJaMU KOYCHHS B IiUIMITHHUKY, 301IbIIY€E MIBUAKICTD 1 aMIUTITYy yAAapHOI B3a€MOJIi BHYTPIIIHEOTO
KiJBbLIA 3 TiIaMK KodeHHs. HaBeneHo npukiIax po3paxyHKy MapaMeTpiB yAapHHUX IMITy/IbCiB B KyJbKOBHX paiaJbHUX OAHOPSAIHHUX MiAIIMITHUKAX cepil
307.3po6IieHO BUCHOBKH IIPO MEPCIEKTHBH 3aCTOCYBAHHS PO3POOICHOr0 METOAY AIsl JIarHOCTHUKM Ta MPOTHO3YBAHHS 3aJIHIIKOBOTO PECYPCY ITi/IIIn-
ITHUKIB TPAHCMICIHHUX BY3J1iB MOOIJTBHHX MAILHH.

Knrouoei cnosa: mifIIMITHAK KOYCHHS, IUHAMIYHI POLIECH, TEXHIYHUN CTaH, IiarHOCTHKA, pajaiajbHUN TPOMDKOK,yJapHUH IMITyIIbC, TapaMer-
PH YOApHOTO IMITYJIECY.

C.A. TABPHJIOB,H. H. HLIIUH, A. M. TOMAH, A. C. CKOPOXO/]OB, IO. A. JAKAJIO

BJIUAHHUE PAJIUAJIBHBIX 3A30POB HA JTUHAMUWYECKHUE NPOIECCHI B MOJAIIUITHUKAX
KAYEHUA

IMpennosken MeTos pacdeTa HapaMeTpoB YIapHBIX UMITYIbCOB, TCHEPHPYEMbIX B MOANINIHIKAX KaUCHHs U3-3a HAIMYMS B HUX PaJHalbHBIX 3230POB.
Merton siBisieTcs JalbHEHIIMM pa3BUTHEM TEOPETHUECKUX HCCIEIOBAHUN MO HAyYHOMY HAlpaBICHHUIO BHOPAMOHHO-MMITYyI5CHOIO AUATHOCTUPOBA-
HHs IPUMEHHTENBHO K OKCIITyaTallMOHHOH OIIEHKE TEXHMYECKOr0 COCTOSHMS IOIIHIHUKOBBIX Y3JI0B KaK COCTAaBHBIX 3JIEMEHTOB 3y04aTOro NpHBOJI-
HOTO MEXaHM3Ma, B 3HAYUTEIHHOU Mepe OIMpeNelIONNX pecypc NPHBOAA B LEIOM. B OCHOBY pacuera MONOXKEHO PaCCMOTPEHHE MIPEIECCHOHHOTO
JIBIDKEHUS OCH HOJIIUITHHAKA, KOTOPOE OHA COBEpIIACT B MPOIIECCEe BPAIIEHHUS €ro Bajia, U TeOpUs yJapHOro B3auMmozeiictsus ynpyrux ten I'. I'epna.
MexaHu3M BO3HUKHOBEHHsI YIAPHBIX UMITYJILCOB MCCJIEN0BAH C YYETOM JIONOJHUTENLHOIO BBEIEHUS B pacyeT BEIMYHHBI PaJHalbHON CHIIbI, AeHcT-
Bylomeit Ha Bai. [loka3aHo, 4TO H3HAIIMBAHKE, SBILLICH IPHYMHON yBEIHUCHUS paOd0dero paaranbHOro 3a30pa MEXTy 000HMaMH U TelaMU KadeHHs
B IIOJIINIHAKE, yBEIHINBACT CKOPOCTh U aMILTHTYAy YAapHOTO B3aHMMOCHCTBUS BHYTPEHHEr0 KOJIbIIA C TelaMH KadeHus. [IpuBeneH npumep pacuera
MapaMeTPOB YJAPHBIX MMITYJIbCOB B IIAPUKOBBIX PaJUaIbHBIX OAHOPSIHBIX moaumnHukax cepur 307.CrenaHpl BEIBOABI O IIEPCHEKTUBAX IPUMEHE-
HHS pa3pabOTaHHOTO METOAA UL AHATHOCTHKU U IPOTHO3HPOBAHMS OCTATOYHOTO pecypca MOAUIMIHUKOB TPAHCMHCCHOHHBIX Y3II0B MOOMIBHBIX
MallyH.

KuroueBble ¢/10Ba: NOAMMITHUK KayeHUs!, IMHAMUYECKUE IPOLIECCH], TEXHHYECKOE COCTOSIHUE, THAarHOCTHKA, paauasIbHbIA 3a30p,yapHbIi M-
ITyJIbC, TApaMETPHI yAAPHOTO HMITyIbCa.

Introduction. The presence of structural radial esses of defect development without disassemblieg t
clearance in rolling bearings causes the formatbn mechanism.

shock pulses. During the rotation of the beariraftslhits In this work, developed in the Joint Institute of
axis makes a precession movement, as a resultiohwh  Mechanical Engineering of the National Academy of
the shaft collides with rolling bodies and thera ishock Sciences of Belarus, vibration-pulse method of ey
action that causes vibration in the mechanism. fEhe tics of gear drives complemented by the developroént
sulting shock forces are characterized by a shora-d calculation method of parameters of the impulséerol
tion (about 13 seconds) and a significant value. bearing (peak value of the shock pulse, speed arat d

During operation, due to wear of bodies and race- tion of impact). The combined application of these-
ways, the radial clearance of the rolling bearimgeaases thods makes it possible to evaluate the vibratibrol-
and, as a result, its vibration activity increageghe same ing bearings depending on the radial clearanceevalu
time, even a slight increase in the clearance nescases during the development of wear processes on rolling
may cause the bearing to lose working capacity. surfaces.

Therefore, vibration characteristics can servefas e Problem statement.Clearances in rolling bearings
fective diagnostic criteria that allow evaluatirng ttech- are necessary to ensure assembly and prevengrodicies

nical condition of rolling bearings and is fixedtheoc-
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with rings from jamming during operation. They canp

sate for the reduction of the distance betweeintier and

outer rings of the bearing when the bearing assetfisbl
significantly heated, interference fit, and thegsirare dis-
placed. Thus, clearances are one of the most iengdec-

tors affecting the performance of bearings [1].

The initial geometric clearance in bearings is regu
lated by the relevant standards, in particular
GOST 24810. An increase in radial clearances velati
to those correctly selected for specific operatingdi-
tions increases the unevenness of the load distribu
between the rolling bodies, shortens the servieedf
bearings, and increases vibrations [2]. On the rothe
hand, clearance reduction impairs the ability ofl ba
bearings to accept axial load, leads to increasernm
perature, and reduces the maximum allowable rotatio
speeds.

If the operating conditions are maintained, there i
usually no noticeable wear of rolling bearings. Y@z urs
most often when fouling particles penetrate theibgar
there is insufficient lubrication. Many machineseaying
in an abrasive environment, such as automobilefukg
tural, mining, construction and road vehicles,, etee sus-
ceptible to this, despite oil seals and filtratidius, it is
known [3] that according to the results of a diatib sur-
vey, 2.5 times more bearings were rejected duectar wf
rings and rolling bodies of tractor bearings thag tb pit-
ting.

It should also be taken into account that if the ra
dial clearance is too large, the shaft beat, theothmess
of rotation decreases, the load zone of the roléley
ments decreases (the smaller the clearance, the mor
evenly and on a larger number of rolling elemehts t
load is distributed), and the bearing life decred4é¢

One of the variants for determining the maximum
allowable value of the radial clearance due to wear
proposed in the form of a wear coefficient [5]:

_V
= —

&

-V
046d%3

where V — the total wear in micrometers that comes as

the increased radial clearance measured in an un-

mounted bearing] — the inner diameter of the bearing.
Hence the overall wear in micrometers

V = 046f,d7°.

A number of wear factors for various applicatiors a
shown in Table 1.

Table 1 — Representative limits for wear factor [5]

Higher values of the factor would be expected waitine
difficult conditions involving such factors as higbeed, rapid
speed changes, decreased lubricant efficiencyeasa seal
efficiency, and environmental contamination.

A method is known for diagnosing the technical
condition of the gear motor-wheel of mining dump
trucks, based on tracking the change of the clearam
the bearing (backlash is controlled by a speciassein
the thrust ring of the bearing) to prevent weargears.
During the time between scheduled disassembly @f th
specified gearbox (3 years), wear is 0.5...1 mm, atral
value of 1.03 mm, repairs are carried out [6].

It is also possible to prevent premature repaics an
significantly reduce maintenance costs by carryond
the necessary amount of work by monitoring the autp
of vibration parameters beyond the nominal valled t
are caused in the unit by wear and aging of besilmg
this case, the technical condition of the bearsggably
is normalized through the radial clearance [7], tmel
change in the value of the radial clearance is ipred
depending on the vibration parameters.

At the same time, it is known that during the rota-
tion of the bearing shaft, its axis makes a préoass
movement, as a result of which the shaft collidéth w
rolling bodies and there is a shock interaction tdaases
vibration in the mechanism [8]. The resulting shock
forces are characterized by a short duration (ah6idt
seconds) and a significant amount.

Based on this, in this paper, the task is to supple
ment the vibration-pulse method of diagnostics edirg
drives developed in the Joint Institute of Mechahic
Engineering of the National Academy of Sciences of
Belarus [9, 10] with the development of a method fo
calculating the parameters of the shock pulsedbing
bearings. The combined application of these methods
will make it possible to evaluate the vibration bufar-
ings depending on the size of the radial clearamdhe
development of wear processes of rolling surfaces.

The process of occurrence of shock pulses in
rolling bearings with a radial clearance.ln this paper,
the shock pulse is understood as the law of chahtie
shock force over time. The process of occurrence of
shock pulses when the shaft collides with rollirglies
(Fig. 1) occurs as follows [8, 11]:

— Due to the radial clearangg, the position of the
shaft during rotation is stable for a period ofdinvhen
it is supported by two rolling bodies.

— At the moment when one of the rolling bodies
reaches the lower position, the inner ring of tkaring
together with the shaft is tipped over on the ngjllbody
following it.

The radiusRg of the inner ring raceway (Fig. 1, a)

Application | Limiting value of wear factor] is less than the radius of the cir@gs, touching all the
Agricultural machines 8-25 balls, by an amount = 0,3,
Construction machinery 6-12
Crushers 8-12 Ry =Rg +A.
Electric motors 3-5
Gears, general engineeri 3-8 When falling the inner ring of the bearing passes
Machine tool spindles 0.5-15 the distancéa (Fig. 1, b)
Motor vehicles 3-5
Rail vehicles 6-12 h=A@1-cosp,), Q)
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where ¢p=2t/N—-the angular distance between
neighboring rolling bodies;N — number of rolling
bodies.

Fig. 1 — The process of occurrence of shock pwides the
shaft collides with rolling bodies

M ethodfor calculatingthe parameters of shock
pulses.The main parameters of the shock pulse are the
amplitude and duration of the impact force. Thewlal
tion of these parameters is based on the theoshatk
interaction of elastic bodies developed by G. Heltz
this theory, the following assumptions are made th
linear dimensions of the contact zone of touchiadibs
are small compared to the radius of curvature efrth
contact surfaces; the material under deformatiogysb
Hooke's law; the force compressing the bodies isnab
to the contact surface.

The process of shock interaction of the bearing
shaft with rolling bodies is shown in Fig. 2. THastic
impact of two bodies is considered. The first bady
massM (the shaft with the bodies attached to it), which
is affected by the radial forde, is struck at a speed of
V, into the second body of mass(the rolling body). In
this case, there is a central impact of two bodiess
assumed that the mass of the rolling body is dicamtly
less than the mass of the shaftc< M.

Fig. 2 — Impact interaction of the shaft with tlodling body

The speed of the shaf, acquired at the moment
of impact, is determined from the equality of thieektic
energy of the shaft with the bodies attached &mit the
radial forceF. The kinetic energy of the shaft at the
moment of collision is equal to

2
M;’O = Fh,. 2)
From Fig. 1, b follows
h, =hcosp, . ()

For small anglejs, we can assume that

2
coshy, =1, 1-cosh, =¢—2°. (4)

After substituting equality (2) to expressions (1),
(3), (4) the speed of impact is found

FA _ 2 [FA
Vo= oy T TN

The differential equation of the shaft movement
has the form

(®)

M3=F - P(3), (6)
where P(d) — contact forced =&, + &, — convergence

of bodies as a result of local compressian;—
convergence of the bearing inner ring and thangll
body, d, — convergence of the rolling elements and outer
ring.

For ball bearings that have a contact interaction o
bodies bounded by curved surfaces and touching unti
deformed at a single point, the relationship betwie
contact force and the convergence of bodies isritbest
by the expression [12]

3
P@)=\32, (7)

where

3

22

In expression (8)n; — the coefficients that charac-
terize the convergence of touching bodigs: the elas-
tic constants of touching bodies, which are eqaatlie

8

same materialsr]=2(1—v2)/E; E —the modulus of

elasticity; v — the Poisson's coefficierftk; — the sum of
the principal curvatures of the surfaces of toughiod-
ies.

The values of the coefficients; depend on the
value of the parameté€} by interpolation.

Geometric paramete® that characterizes the cur-
vature of touching bodies [12]:

- Ka1 —Kgp )
2K

Integration of equation (6) under the conditiorca-
stant radial forcd- allows us to determine the maximum
convergence of bodiég,,, due to local deformation,

Q C)

5

> _5F 5 MV{
Offax ~

230

=0. (10)

After finding thedmax from (10), the amplitude of
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the shock pulse is calculated

3
AO2

max *

(11)

P

max —

The duration of the shock pul3ds found from the
integration of the expression

S . ¢ dg
o

=
V1+2aE - BE2

where & = 8/8ma% 0, B are dimensionless quantities.
The valueg varies within 0< £ < 1. The values, B
are calculated using the formulas

5
B - { 6max ]2
5Omax
where dpmax— the maximum compression of bodies
caused by the impact velocitf in the absence of a ra-

dial force £ = 0).
The valuedyaxis determined by the formula [13]

5
6Omax = (_

T=2

: (12)

F

q= max -

: (13)
mV;

2

T.

Example of calculating the parameters of shock
pulses. We will calculate the parameters of the shock
pulse in ball radial single-row bearings of the 3@Ties
(Fig. 3). The reduced weight of the shft= 6.5 kg.
Radial forceF =1500 N. the characteristics of the bear-
ing 307 are shown in Table 2.

V7
A

(14)
4

B

S (8 LI_.._

Lr s

Fig. 3 — Deep groove ball bearing series 307

e

Table 3 shows the values of the speed of impact of
the shaftV,, the maximum convergence of bodigsy
due to local deformation, the duration of the inpac
the amplitude of the impact pulBg,., depending on the
values of the radial clearansg.

The dependence of the amplitude of the shock
pulse and the speed of the shaft impact on thealradi
clearance, taking into account wear, is shown @ &i

Table 2 — Deep groove ball bearing series 307 cteisiics

Parameter Desig- Value Units
nation
The inner diameter of the
. d 35 mm
bearing
The outer diameter of the D 80 mm
bearing
Bearing width B 21 mm
Diameter of the rolling body drx 12,7 mm
Number of rolling bodies N 8 -
Rolling body weight My 8,4210° kg
The value of the initial radial A 6. 2010° m
clearance P
Bearing
Diameter of the | inner ring Ds 44,8 mm
raceway [6] Bearing Dy 702 mm
outer ring
Sum of main- | the inner ]
curvatures[6] | raceway (2Ki)y 208,2 s
for the ball the outer .
contacting raceway (ki) 1355 il
6000 0,18
A g i
50§ /— 015
3 5000 | g A 4o ::
E e -+ £z
2 4500 % _- 0,09 2
£ = -~ 3 :
T 4000 | AT = 006 g
= » % E
£ 3500 +}7 = - 0,03
£ £
2 3000 : ‘ ‘ ‘ : 0
) 0 20 40 60 80 100 120 140 160

The total radial clearance Ay, pm

—M— Shock pulse amplitude = 4= - Impact velocity

Fig. 4 — The dependence of the amplitude of thelshalse
and the speed of the shaft impact on the radiaratee

Table 3 — Table of valué%, dmax Somax 7 Pmax

Radial clearance, pm
Parameter
6 20 50 100 150

Vo, M/s 0,0207| 0,0377 0,0597 0,084¢4 0,1033
Smaxy LM 47 56 49,41 52,68 57,42 61,44
OQomax MM | 10,56 17,74 25,59 37,77 39,7p

T, ms 1,48 1,42 1,32 1,19 1,13

Prax N 3844 4071 4448 5099 5644

Conclusions. The mechanism of occurrence of
shock pulses and the processes of interactioneoliaft
with the rolling bodies of the bearing are studidig
dependence of the shock pulses parameters on ¢lee sp
of rotation of the shaft and the load is analyZ&de
proposed calculation method allows us to evaluhage t
dynamic processes in new bearings depending on the
radial clearance value, as well as the developroént
wear processes on the rolling surfaces of the hgari

To establish an analytical relationship between the
amplitudes of shock pulses in rolling bearings &mel
corresponding amplitudes of vibration pulses perxti
by the vibration sensor, a vibration-pulse diagicoste-
thod can be used, developed to solve an analogobs p
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lem in relation to toothed gears.

The use of the developed method allows to signifi-
cantly increase the efficiency and reliability adghos-
tics and forecasting of the residual life of eletseof
gear drives of transmission units of mobile machibg
expanding the scope of vibration-pulse diagnostics.
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