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STUDY OF LOAD DISTRIBUTION BETWEEN ROLLING BODY

Abstract. The load distribution between rolling elements of a non-rotating bearing
with increasing interference fit of the outer ring is investigated. It is found that the
unevenness of the load distribution between rolling elements decreases, and increases with
increasing clearance fit. With increasing clearance fit, the load on the central rolling
element increases for all loads applied to the bearing.

To establish the influence of the main factors and their interaction on the change in
the coefficient of load distribution between rolling elements and to obtain a mathematical
model, the studies were carried out using multifactorial experiment planning. The signs at
the coefficients of the model show that in order to achieve the most uniform load
distribution between rolling elements, the thickness of the polymer coating should be at the
upper level, and the radial clearance of the bearing and the load on the bearing should be at
the lower level.
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Introduction. Studies of the load distribution between the rolling elements
of a non-rotating bearing have shown that with an increase in the interference fit of
the outer ring, the unevenness of the load distribution between the rolling elements
decreases, and with an increase in the clearance fit, it increases. For example,
Figure 1 shows the load distribution between the rolling elements of a bearing with
a radial clearance of 0.008 mm with an interference of 0.005 mm and packing
clearances of 0.057, 0.123, 0.236 and 0.336 mm.

In Figure 1, the numbers on the abscissa axis indicate the ordinal numbers of
the rolling elements: central (0), first lateral (-1, +1), second lateral (-2, +2). The
ordinate axis shows the load supported by each rolling element.

With a fit interference of 0.005 mm, the load on the central rolling element
increases with increasing bearing load and reaches 518 N with a load of 1044 N
(Fig. 1a). Part of the load applied to the bearing is supported by the lateral rolling
elements. Thus, with a bearing load of 143 N, the first lateral rolling elements
support a load of 20 N, and with a bearing load of 1044-245 N. With maximum
bearing load, the second lateral elements support a load of 15 N.
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1,2,3,4,5 —bearing load 143, 406, 619, 831 and 1044 N, respectively.

a — fit interference 0.005 mm; b, c, d, e — fit clearance 0.057, 0.123, 0.236
and 0.336 mm, respectively.

Figure 1. Load distribution between rolling elements with a radial bearing
clearance of 0.008 mm

With an increase in fit clearance, the load on the central rolling element
increases for all loads applied to the bearing. Thus, the load on the central rolling
element with a fit clearance of 0.336 mm and a bearing load of 1044 N is 780 N,
which exceeds the load on the central rolling element of a bearing with a fit
interference of 0.005 mm by 1.5 times.

With an increase in the fit clearance, the load on the lateral rolling elements
decreases. With a fit clearance, only the first lateral rolling elements bear the load,
while the second lateral rolling elements do not bear any load. If with a load of
1044 N and an interference of 0.05 mm the first lateral elements bear a load of 245
N, then with a fit clearance of 0.057 mm — 214 N, 0.123 mm — 186 N, 0.236 mm —
158 N and 0.336 mm — 130 N.

Thus, with an increase in the fit clearance, the load on the central rolling
element increases, and on the lateral rolling elements it decreases, which increases
the unevenness of the load distribution between the rolling elements.

If the obtained values of the load on the central rolling element are
substituted into the formula, the service life of a rolling bearing with a fit clearance
of 0.336 mm will be 3.92 times less than with an interference fit of 0.005 mm.

Materials and methods. The uniformity of the load distribution between the
rolling elements can be characterized by the load distribution coefficient, which is
defined as the ratio of the load on the first lateral rolling element to the load on the
central rolling element. Figure 2 shows the dependence of the load distribution
coefficient on the interference fit and fit clearance for a bearing with a radial
clearance of 0.008 mm and a bearing load of 1044 N. With an increase in the fit
clearance to 0.336 mm, the load distribution coefficient decreases from 0.47 to
0.16.

It was not possible to compare the experimental values of the load
distribution coefficient at different values of the fit clearance with the calculated
ones, since the known formulas do not take fit clearances into account.

The smaller the fit clearance, the greater the distribution coefficient and the
more uniformly the load is distributed between the rolling elements. Therefore, in
rolling bearings of tractors, cars and agricultural machinery installed with a
clearance, there is a significant unevenness of the load distribution between the

504



ISSN 2308-9865 Mechanics and Technology /

elSSN 2959-7994 Scientific journal 2025, No.1(87)

rolling elements, which reduces the service life of the rolling bearings. In addition,
when installing a bearing in a housing without interference, the outer ring of the
bearing rotates and the seating surfaces wear out intensively, which leads to an
increase in the fit clearance and an even greater increase in the unevenness of the
load distribution between the rolling elements.
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Fig. 2. Dependence of the coefficient of load distribution between rolling elements
on the interference fit and clearance with a radial bearing clearance of 0.008 mm

The studies of load distribution between rolling elements during bearing fit
restoration with the sealant BF were carried out with a coating thickness of 8, 58,
98, 139, 182 um under bearing loading with a load of 143, 406, 619, 831, 1044 N.

When restoring fit clearances with the sealant 6F, the unevenness of load
distribution over rolling elements is significantly reduced. With a polymer coating
thickness of 8 um (Fig. 3a), the load distribution is close to load distribution
between the rolling elements of a bearing installed with an interference fit of 0.005
mm without a polymer coating.
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P — bearing load 143, 406, 619, 813, 1044 N, respectively. a, b, ¢, d, e —
polymer coating thickness 8, 53, 98, 139, 182 um, respectively.

Fig. 3. Load distribution between rolling elements when restoring the bearing fit
with 6F sealant

The greatest load falls on the central rolling element. In this case, part of the
load is supported by the first lateral rolling elements. The second lateral rolling
elements do not support the load at low bearing loads, and with an increase in the
bearing load, they begin to support an insignificant part of the load. With
increasing thickness of the polymer coating, the load on the central rolling element
decreases, and on the lateral rolling elements increases (Fig. 3b, 3c, 3d), the load is
redistributed between the rolling elements. With a polymer coating thickness of
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182 um, the load on the central element and the first lateral rolling elements is
almost equalized.

When restoring the bearing fit by applying coatings from the 6F sealant
solution, the load on the most loaded rolling element decreases by more than 1.5
times compared to a bearing installed with an interference fit of 0.005 mm without
a polymer coating, and by more than 2.4 times compared to a bearing installed with
a fit clearance of 0.336 mm also without a polymer coating. As a result, the service
life of the rolling bearing can be increased by 4.55 and 18.2 times, respectively.
Figure 4 shows the dependence of the coefficient of load distribution between the
rolling elements on the thickness of the polymer coating with a radial bearing
clearance of 0.008 mm. The most favorable case of load distribution between the
rolling elements is the case in which the coefficient of load distribution is equal to
one. In this case, the load on the central and lateral rolling elements is equalized.

With a polymer coating thickness of 182 um, the coefficient of load
distribution between the rolling elements is close to one. A further increase in the
thickness of the polymer coating can lead to an even greater increase in the
coefficient of load distribution. However, an excessive increase in the thickness of
the polymer coating can be limited by the service life of the fixed connection [1-3].

Thus, when restoring the fits of rolling bearings with elastomers, their
service life can be increased by 18.2 times compared to an installation with a fit
clearance of 0.336 mm.
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Fig. 4. Dependence of the coefficient of load distribution between rolling elements
on the polymer coating thickness with a radial bearing clearance of 0.008 mm

Research results. To confirm the results of the experiments carried out with
a stationary bearing, additional experiments were conducted to study the
distribution of the load between the rolling elements during bearing rotation and at
high load values. The developed experimental research technique made it possible
to determine the load distribution along the circumference at any point. Figures 5
and 6 show the load distribution at angles of 0, 20, 40, 60, 80 and 100° relative to
the vertical axis of the bearing. The lower half of the bearing was under load, and
at angles of 100° and higher, it was not possible to record the load.

Analysis of the experimental results showed that with an increase in the fit
clearance, the unevenness of the load distribution between the rolling elements
increases (Fig. 5). This in turn leads to a decrease in the loading zone and an
increase in contact stresses.

Thus, if with an interference of 0.010 mm the central rolling element takes a
load of 7050 N, the first lateral rolling element 3422 N, the second 508 N, then
with a clearance of 0.336 mm the central rolling element takes a load of 11072 N,
the first lateral rolling element - 484 N, the second element does not take a load. By
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changing the fit, it is possible to change the load on the central rolling element by
1.6 times.

1 — interference fit 0.005 mm; 2, 3, 4, 5 — clearance fit respectively 0.057;
0.123: 0.236 and 0.336 mm.

Fig. 5. Load distribution between rolling elements during bearing rotation under a
load of 11358.2 N

When restoring fixed joints with elastomers, the unevenness of the load
distribution between the rolling elements decreases (Fig. 6), the bearing load zone
increases and the specific pressure on the working surfaces of the bearing parts
decreases. With a polymer coating thickness of 8 um, the load on the central rolling
element is 7041 N, on the first lateral ones — 3428 N, on the second lateral ones —
513 N. An increase in the coating thickness leads to a decrease in the load on the
central rolling element and an increase in the load on the lateral rolling elements.
Thus, with a polymer coating thickness of 182 um, the load on the central rolling
element is 4694 N, on the first lateral ones — 4675 N, on the second lateral ones —
1201 N. Thus, when restoring the fits of rolling bearings with elastomers, it is
possible to increase the load distribution coefficient between the rolling elements
by 22.6 times compared to a fit clearance of 0.335 mm, which contributes to a
significant increase in the service life of rolling bearings.

1, 2, 3,4, 5— polymer coating thickness respectively 53, 98, 139, 182 mm.

Fig. 6. Load distribution between rolling elements during bearing rotation under a
load of 11358.2 N and with fits restored with 6F sealant
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The experiments showed that the main factors affecting the load distribution
coefficient between rolling elements are the radial clearance of the bearing (X1),
the load on the bearing (X2), the fit clearance (X3) and the polymer coating
thickness (X3/).

Discussion. To establish the influence of the main factors and their
interaction on the change in the load distribution coefficient between rolling
elements and to obtain a mathematical model, the studies were carried out using
multifactorial experiment planning. Due to the incompatibility of two factors: the
fit clearance and the polymer coating thickness, the studies were carried out in two
stages. The effect of the fit gap and the polymer coating thickness were determined
separately.

The results were processed and calculated on a computer using a standard
program. The average values of the output parameters for each experiment, the
coefficients of the regression equations, the square roots of the reproducibility
variances for each experiment and the regression equations are presented in tabular
form.

According to the results of calculations on the computer, the regression
equations are presented with reliable coefficients normalized by the smallest
modulus. Therefore, for the convenience of further calculations, we will write
regression equation with true coefficients in the following form.

For experiments without polymer coating:

V=0,246 — 0,0738X1—0,031X2—0,01158X35—0,003X: X+
+0,0762X1X3+ 0,0201X5X5 — 0,0321X1X>X3 (D)

For experiments with polymer coating:

V=0,688 — 0,052X1— 0,002X2+ 0,223X3s/+ 0,016X1 X2+ 0,01 7X1 X5 +
+ 0,018X2X3/ + 0,015X1X2X3/ (2)

Model adequacy variance
For the first case:

_ SN, Gi- 9 _ 0,000008 _
Seg = SEE = == — =0,000002

For the second case:

0,000008

Sty = = 0,000002

Fisher’s criterion for checking the adequacy of the model for each case:

Y 0,000002
F = Lf = = 0,0350
Sz 0,000057

Sz 0,000002
ng = = 0,0070
Sz 0,000285

F =

The tabular value of the Fisher criterion for the number of degrees of
freedom of the numerator 3 and the denominator 16 is FT = 3.0 [4-6]. The
calculated values of the F-criterion in both cases are much less than the tabular one,
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so the hypotheses about the adequacy of the models are accepted. The experimental
plans and results are presented in Table 1 and Table 2 for the cases without and
with polymer coating, respectively.

Table 1
Plan and results of the FFE of 22 experiments without a polymer coating

Output parameter -
Experience| Factor level P vz?lue Average | Reproducibility | Calculated
o y i 2 y
Ne X% X | v, v, Vs value,y | variance, Sy value, y
1 - - - 10.651|0.658|0.648 | 0.651 0.000009 0.652
2 + | - - 10.258|0.259 | 0.255 | 0.257 0.000004 0.256
3 - | + | - ]10473]|0.475|0.470| 0.473 0.000009 0.474
4 + | + | - |0.208|0.210|0.205| 0.208 0.000009 0.207
5 - - | + /0.115|0.117|0.112 | 0.115 0.000009 0.116
6 + | - | + |0197|0.198|0.195| 0.197 0.000004 0.196
7 - | + | + ]0.166|0.168 |0.165| 0.166 0.000004 0.167
8 + | + | + |0.094|0.096|0.091| 0.094 0.000009 0.093
N
83 = 0.000057
i=1
Table 2

Plan and results of the FFE 22 experiments with polymer coating

Experience| Factor level Outpu;[/;ir:meter Average| Reproducibility Reproducibility]
Ne X X X: | Vs v, Vs value, y| Vvariance, S§ variance, y
1 - | - | - ]0.555|0.559|0.550 | 0.555 0.000025 0.556
2 + | - | -10414]0419|0.410| 0.414 0.000025 0.415
3 - | + | -]0515|/0.518|0.510| 0.514 0.000016 0.513
4 + | + ] - |0.378]|0.383|0.370 | 0.377 0.000049 0.378
5 - | - | +]0.960|0.966 | 0.956 | 0.961 0.000025 0.962
6 + | - | + /0.830)|0.836|0.820 | 0.829 0.000064 0.830
7 - | + | +]0.934|0.939|0.922| 0.932 0.000081 0.933
8 + | + | + [0.921[0.928|0.919| 0.923 0.000025 0.922

N
Z 532, = 0.000285

i=1

Conclusion. From the regression equation (1) we see that the greatest
influence on the distribution of the load between the rolling elements is exerted by
the clearance in the fixed joint. After the clearance, the radial clearance of the
bearing has a significant effect, and then the load on the bearing. The signs at the
coefficients of the model show that in order to achieve the most uniform
distribution of the load when assembling a bearing without a polymer coating, all
factors should be at a lower level, i.e. the clearance of the fit, the radial clearance of
the bearing, the load on the bearing should have minimum values. From equation
(2) it is evident that when restoring the bearing fit by applying coatings from the 6F
sealant solution, the distribution of the load between the rolling elements is
primarily affected by the thickness of the polymer coating, and then by the radial
clearance of the bearing. The bearing load in this case has little effect on the
distribution of the load between the rolling elements. The signs at the model
coefficients show that in order to achieve the most uniform distribution of the load
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between the rolling elements, the thickness of the polymer coating should be at the
upper level, and the radial clearance of the bearing and the load on the bearing
should be at the lower level.
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A.A. MacHukos

KbipFbi3 PecnybauKkaceiHbliH ¥mmeolK FolabiM aKademuacs!, DU3UKAbIK-MexHUKAsbIK
macenenep uHcmumymel, biwkek K., Koiprol3 Pecnybaukacel

XYKTEMEHIH, AMHANIFAH O EHE APACbIHAA GO/YIH 3EPTTEY

AHpaTtna. AWHAnMaWTblH MOMbIHTIPEKTepAeri AOoManaK AeHenep apacbiHAafbl
YKYKTEMEHIH, Tapanybl CbIPTKbl CAKMHAHbIH, KOHY KEpHeYiHiH YKOofapblaaybIMeH 3epTTengi.
Jomanay fOeHenepi apacblHOafbl XYKTEMEHiH bGipkenki 6eniHbeyi ToeMeHAEWTIHI XaHe
KOHY CaHblN1ayblHbIH, Y/AfalObIMeH ©CeTiHi aHblKTanAbl. KOHY CaHblaayblHbIH, yAfalobiMeH
MOWMbIHTIPEKKE KONAAHbINATbIH BAP/IbIK KYKTeMenep KesiHAe opTasiblk AOManak feHere
KYKTeme apTaapl.

Herisri daKkTOp/iapAblH, acepiH KaHe o/fapAblH, ©3apa SpeKeTTecyiH aHbIKTay YLiH
KbIXKbIMabl AeHenep apacblHAaFbl KYKTEMeEHiH Tapany KoadpdpuumeHTiHiH e3repyiHe
KOHE MaTeMaTWKanblK, MOZenbAi anyfa 3eptreynep Ken GaKTOp/ibl 3KCNEPUMEHTTI
Kocnapnayabl KongaHa oTblpbin Kyprisingi. Moaenb koadduumeHtTepiHaeri benrinep
bINXKbIMaNbl AeHeNep apacbiHAaFbl KYKTeMeHiH, GipKenKi TapanybiHa KON XKeTKi3y yLWiH
nofMMmepi KabblHHbIH, KaNblHAbIFbI KOFAPFbl AeHrelae, an MOMbIHTIPEKTIH, paauanabl
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CaHbINAYbl IHE MOWbIHTIPEKTIH, YKTeMeci TemeHri geHrenge 60sybl KepeK eKeHiH
KepceTeai.

TipeK ce3gep: MOMbIHTIPEK, OPbIHALIKTAP, CaHblAAy, NalkganaHy, To3y, CO3biny,
KYKTEME, KOHY.

A.A. MacHuKoB

HayuoHanbHaa akademus Hayk KP, MIHcmumym ¢pu3uko-mexHu4yeckux npobaem,
2. buwkek, Koipabiackas Pecnybnuka

MUCCNEAOBAHUE PACNPEAENEHUA HATPY3KU MEXAY TENAMU KAYEHUA

AHHOTauumA. ViccnepoBaHbl pacnpeseneHnsa Harpysku Mexay TeNamu KauyeHusa npu
HeBPaLLAOLLEMCA MNOAWMUMNHUKE C YBENMYEHMEM HaTAra NOCaAKM HAPYXKHOTO KoAbLa.
YCTaHOB/IEHO, YTO HEPaBHOMEPHOCTb pPacrnpeaesieHNa Harpysku MesKay TenamMu KayeHus
CHWKaeTcsA, a C yBe/JMYeHMeM 3a30opa Mocagku BospacTaeT. C yBesvyeHWem 3as3opa
MOCagKM Harpyska Ha LEHTpasbHOe Tesjl0 KayeHus BO3PAcTaeT MNpW BCEX Harpyskax,
MPUIOXKEHHBIX K MOALINMHMKY.

[na ycTaHOBNEHUA BAWAHMUA OCHOBHbIX (AaKTOPOB M WX B3aMMOAEWNCTBUA Ha
nsmeHeHne KoaddUUMEHTA pacnpefseneHna HarpyskM MexXay TelamMu KayeHus U
nosyyeHna maTemaTMYyecKol MOLEeAN MUCCNefOoBaHMA NPOBOAMAWM C MCMO/b30BaHMEM
NNAaHUPOBAHUA MHOFOGaAKTOPHOro 3KCNEPUMEHTA. 3HaKM NpU KoadduuMeHTax mozenu
MOKas3bIBaOT, YTO AJ1A AOCTUKEHUA Haubosiee PaBHOMEPHOrO pPacrnpeneneHus HarpysKku
MeXay Tenamum KadyeHua TOJLMHA NOJMMEPHOrOo MOKPLITUA AO/XKHA HaXoAUTbCA Ha
BEPXHEM YPOBHE, a PaAMafibHbli 33a30p MOAWMWMHMKA M HArpy3ka Ha NOALWMMNHUK Ha
HWUXKHEM YpOBHe.

Kniouesble cn0Ba: NOALWMNHMK, NOCaA0UYHbIE MECTa, 3a30p, SKCMAyaTaLms, U3HOC,
HaTAr, Harpyska, nocaaka.
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