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Relationships are obtained for fast and accurate determination of rings
displacements as well as a load distribution within separate single row thrust and
angular contact rolling element bearings.
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Introduction. Calculation of loads acting on elements of any bearing arrangement
IS a basic stage of its analysis, and the more accurate the load distribution between
bearings rolling elements is found the more accurate the method of analysis is
considered to be. The distribution mentioned can be found with needed accuracy if
external forces and moments acting on every bearing in the arrangement are
known. To determine them, a set of equations should be used that takes into
consideration external loading factors and that of stiffness of the bearings and the
shaft supported.

The problem. It’s impossible to find a bearing life accurately if a load distribution
between its elements is unknown.

Analysis of recent researches and publications. Basically, up-to-date manuals,
reference and study-scientific books include simplified relationships for
computation of bearings, and they often give too rough estimates. On the other
hand, application of precise methods of calculation requires having special
computer programs, specially trained personnel available and considerable time to
spend.

The purpose of researches: On the basis of known set of equations for multi-
support bearing arrangement analysis, determine relationships for calculation of a
load distribution and mutual rings displacements in a separate single row thrust
(angular contact) rolling element bearing at its complex loading, with needed
accuracy and no large period of time to spend and no special computer knowledge
required.

The results of researches: Calculation of a load distribution as well as rings
displacements to take place in a separate single row thrust and angular contact
rolling element bearing has been made on the basis of known set of equations for
multi-support bearing arrangement analysis at any external forces and moments
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applied, by means of its curtailment to the level of a separate bearing.Set of
equations shown in [1] can be used for static analysis of separate rolling element
bearings. Let’s consider several basic bearing types when assuming a bearing
geometry to be ideal and neglecting its rings distortion.

1. Single row thrust ball bearing loaded with axial off-center force F, .
In this case, according to Fig. 1, set of equations [1] comes to two ones:

®,=C;- > ol 05 ~F, =0, &, =1,+05d- 9 cos¥;
®,=05-C;-d-> 0% 55 -cos¥, —M, =0 1)

where d - the bearing mean diameter;
o — coefficients depending on coordinate angles of rolling elements Py
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Fig. 1. Loading of a thrust bearing.

Supposing angle S, = 7/2 and reaction P, =C -5, =0, one gets a relationship
known for determining angle zone &€ of the bearing loading:

{ 2. f, j

& =arccosg — _

Dy - d

Displacements f,,®, can be found by solving the set (1) with use e.g. of the

Newton’s method. Coefficients for getting corrections Af,,Ap, are to be
determined using the formulas:

ay; =1.5-C; -Zé‘fk"g , By, =8, =075-C;-d-> 5;°-cos¥,,
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a, =0.375-d%-C,- > 5, -cos’ ¥, .
2. Angular contact ball bearing loaded with axial F, and radial F, forces.

In this case of loading the set of equations (1), [1] takes a form as follows:
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(2)
Either equation of this set easily leads to well known expression for getting a
zone of bearing loading &€ , if taking to consideration simplified relationships for
definition of coefficients 4,y [2] if the bearing rolling elements contact angle is

considered to be constant:

lim A, =sin®° g,,; lim y, =cos*® B,,;

B = Bo B = Pox

fz 'tgﬂo
—y .

Set of equations (2) is the thing to solve and find f,. f, with the iteration
process using relationships

2
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Coefficients S (i, j= 1,2,3) can be found through preceding iterations

using expressions (2) as well as those presented in [1], [2]. Differentiating equation
(2), one finds main and cross stiffness of the bearing:
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Results of calculation of bearing No 46207 are presented in table 1, the bearing
loaded with external forces Fy =2 kN, F, =3 kN. It’s seen from there that the

process of iteration is converged fast enough. For deformation f, the difference
between the third approximation and that second is as much as just 0.3%, with
practically equal approximations for deformation fy beginning from the second
iteration.

Table 1.Calculation of bearing No 46207 parameters at combined loading.
(F, =2kN, F, =3kN).

iteration Coefficients S;; f f

number S22 Sa3 S32 S33 v, Hm 2o W
1 3.924 -0.0307 -0.0664 1.981 12.08 24.77
2 3.967 -0.0257 -0.0553 1.910 11.97 25.35
3 3.962 -0.0254 -0.0548 1.918 11.97 25.27
4 3.963 -0.0253 -0.0548 1.917 11.97 25.28
5 3.963 -0.0253 -0.0548 1.917 11.97 25.28

Fig. 2 shows calculated relationships between bearing 46207 inner ring
displacements f,, f, and external force F,, with Fig. 3 to evince distribution of
normal forces acting on rolling elements Py at invariable axial load F, = 3 kN. For
making a comparison, the diagrams also present results gotten with use of the
method described in [3] (see stroke lines). Moreover, stroke-dotted line on Fig. 2
shows the f,(F,) relationship obtained with use of formulas recommended in [4]
where forces and deformations were calculated with an experimental correction
factor entered, to take into account the fact that real radial displacements f, of the
bearing inner ring are less than that calculated.
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Fig. 2. Bearing 46207 inner ring displacements.
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Fig. 3. Loads distribution in bearing 46207

It’s well seen from Fig. 2 and Fig. 3 that while calculated loads Py are almost
coinciding, displacements somewhat differ. One should note that the relationship
fy(Fy) found with the way proposed is located between and has a bend point
dividing the F, loading area into two zones. Increase of radial stiffness in that 1%
and decrease of that stiffness in the 2™ one is conditioned by change of number of
loaded rolling elements when increasing external load F,. As one more example,
table 2 shows results of calculation of normal reactions P, and contact

2
deformations S, = (P, /C; )3 taking place in bearing 2076083 loaded with

external forces F, =5 N and F, = 10 N. For comparison, these factors obtained in
[5] are also presented in brackets there.
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Table 2.Reactions and deformations in bearing 2076083 at external loads of
Fy=5Nand F,=10N.

Angle ¥, 0 0 60 120 180 240 300
Reactions P,,H | 8.5 7.2 5.9 4.7 5.9 7.2
8.1) | (7.2) | (5.6) (4.8) (5.6) (7.2)
Contact
deformations 2.28 | 2.06 1.80 1.55 1.80 2.06
S, um (2.20) | (2.04) | (1.72) | (1.56) | (1.72) (2.04)

Conclusions. Relationships obtained on the basis of general set of equations for
multi-support rolling element bearing arrangement analysis allow to find a load
distribution and mutual rings displacements taken place in separate rolling element
bearings with high accuracy and without much time to spend.
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WHXXEHEPHBIA METOJ PACYETA OJHOPSTHBIX
YIIOPHBIX U PAJIMAJIBHO-YITOPHBIX IMTOAIIUITHUKOB
KAYEHUA ITPU KOMBUHUPOBAHHOM HAI'PY’KEHUUA

Emuzapos C.I1., JIuniun A.I1.

KiwueBble cj0Ba: NOAIIMIIHUK KAay€HWS, PACHpEICICHUE YCUIIUWA, YroJ
Harpy>KeHHOM 30HBI, OCEBOE M PaJMAIbHOE MEPEMEIIEHUS KOJIbIIa, YTOJI KOHTAKTa,
UTEPAIIMOHHBIN TIPOIIeCC, KOHTAKTHBIC JeOpMAaIIHH.
Pesrome

Tlonyuenwvl 3a8ucumocmu, oaioujue 603MOACHOCIb ONPeOeamsb CMeueHUs Koaey u
pacnpeoenenue HaA2py30K 6 OOUHOUHBIX OOHOPSAOHBLIX YHOPHBIX U PAOUATLHO-
VHOPHLIX NOOWUNHUKAX KAYEHUs C HeoOXOOUMOU MOYHOCMbIO U HeOONbUUUMU
3ampamamu 6pemeHu.
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Summary
Relationships are obtained for fast and accurate determination of rings
displacements as well as a load distribution within separate single row thrust and
angular contact ball bearings at complex loading.



