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Abstract: One of the most important factors influencing the study of the tribological behaviour of a
rolling bearing is the calculation of the loads transmitted by individual rolling elements of the bearing.
However, the calculation of the internal load distribution of rolling bearings is quite complicated. It
is a nonlinear, statically indeterminate problem, which can only be solved numerically, through a
number of iterations. This is often a problem in analysis because it complicates the mathematical
model. This paper is presenting a case study with the goal to show the benefits of the application
of a new approach for the calculation of the load of the most-loaded rolling element in the rolling
bearing with the internal radial clearance. The calculation is based on the so-called load factors. By
multiplying the load factors with the value of the external radial load, the load that is transferred
by the most-loaded rolling element of the bearing is obtained. The accuracy of the results largely
depends on the correct choice of the load factor. The case study aims to define guidelines for the
correct choice of load factors. The case study is made for two types of bearings: the ball bearing and
the roller bearing. Obtained results were compared with the results obtained based on the calculation
using some of the most commonly used methods so far. The analysis showed greater precision of
the considered model with the same or much simpler use. For this reason, the proposed model is
considered very suitable for practical application.

Keywords: rolling bearing; most-loaded rolling element; load factor; internal load distribution;
rolling elements; radial clearance; bearing deflection

1. Introduction

The calculation of the load transmitted by the most-loaded rolling element has at-
tracted the interest of researchers since the beginning of the use of rolling bearings in
machines. This is one very important characteristic of the rolling bearing, especially for
the calculation of the static load capacity and the rating life, but also the overall load
distribution on the rolling elements inside the bearing. However, due to the complexity of
the bearing construction, the way of functioning, and many other influential factors, this
problem has not yet been explicitly resolved. So far, Stribeck’s method has been the most
commonly used for the calculation of this load [1].

The calculation based on the Stribeck numbers is the most commonly used method
for the calculation of the load that transfers the most-loaded rolling element. Stribeck’s
expressions are still in use today to calculate the static load capacity of a rolling bearing [2,3].
However, Stribeck’s method has one essential drawback: it does not take into account the
influence of the size of the internal clearance on the load distribution within the bearing.

In this regard, this paper presents and tests a new mathematical model for the calcula-
tion of the load that is transferred by the most-loaded rolling element of the rolling bearing
with internal radial clearance. The model is elaborated in detail in the paper [4,5] and
purposed for the radially loaded rolling bearing, with balls or rollers. Based on the papers
of Mitrovic et al. [6,7], the model is based on the so-called load factors, showing which part
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of the external load is transferred by the most-loaded rolling element of the bearing. By
simple multiplication of the load factor with the value of the external radial load, the load
that is transferred by the most-loaded rolling element of the bearing is obtained:

Fmax = kmax : Q/ (1)

where is: F;—the load that is transferred by the most-loaded rolling element of the
bearing, kj.;,—the load factor of the most-loaded rolling element, Q—the total external
radial load.

The values of the load factor for the boundary position of support (kyaxg) were derived
from the literature [4,5]. These values are shown in Tables 1 and 2 in reference [5]. These
values correspond to the boundary values of the bearing deflection and the boundary
external radial loads, which are defined in the papers [8,9].

If the right side of the Equation (1) is multiplied and divided by the total number of
the rolling elements (z) of the bearing and the product ky;ux-z is marked with the S, it can
be obtained:

Q Q

-5 % @

z

Foax = kimax -z -

The factor S shows how many times the greater load is transferred by the most-loaded
rolling element relative to the case when the load would be even, i.e., when every ball
would transfer the load of the size Q/z. In the literature, this factor is often called the factor
of the non-uniformity load distribution [10].

Stribeck determined that with an increase in the total number of balls in the bearing
with zero clearance, the factor of the non-uniformity load distribution asymptotically
strives to constant S = 4.37 [1]. This number is called the Stribeck number (S) and in the
literature is taken as a relevant value for the calculation of the load of the most-loaded ball
at the bearings with zero clearance, i.e., at the calculation of the static load rating of the
bearing [11]. Palmgren later proposed that in the bearings with the rollers, the Stribeck
number amounts to S = 4.08 [12]. For the bearings with radial clearance greater than zero,
the impact of the clearance on the load distribution is approximated by increasing the value
of the Stribeck number on the value S = 5, independently of the size of the clearance. This
applies to every type of ball and roller bearing with internal radial clearance. However, this
kind of approach has justification for only orientational calculations because it takes into
consideration only whether or not the clearance is present in the bearing, and the influence
of the clearance size is not taken into account. Even the influence of the type of bearing on
the load distribution is not taken into account. Still, the calculation based on the Stribeck
numbers is the most commonly used method for the calculation of the load that transfers
the most-loaded rolling element. Stribeck’s expressions are still in use today to calculate
the static load capacity of a rolling bearing [2,3].

The model that is proposed in this paper takes into account the impact of the internal
radial clearance and the type of bearing on the internal load distribution. The impact of
the clearance is taken through the number of active rolling elements in the bearing. By its
simplicity, the proposed model can be compared to the Stribeck method. The proposed
model, like the Stribeck one, is based on simple mathematical operations, does not require
the usage of the computer and it can be very useable for fast calculations and work in
the field.

The aim of this study is to propose the guidelines to correctly choose the load factors
for the new mathematical model that is developed in [5]. For this purpose, a load calculation
of the most-loaded rolling element was carried out for the two different types of radial
rolling bearings: the ball bearing 6206 and the bearing with the cylindrical rollers, NU 2205
EC. For both bearing types, the analysis was conducted for different values of the internal
radial clearance. The obtained results were compared with results obtained based on
Stribeck coefficients. Additionally, both methods were compared with the results obtained
by solving the system of static equilibrium equations [4,9].
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The precision of the results obtained by solving the system of static equations solely
depends on the precision of the numerical procedure for solving them. In this regard, these
results were considered accurate, and compared to them the calculation error according to
the proposed method and the Stribeck method were analyzed. Furthermore, the coefficients
of Stribeck refer to only the boundary position of support on an odd number of rolling
elements (BSO position) [13], and the analysis was performed only in relation to this
position of the rolling elements set, which is shown in Figure 1. This is justified because
from the aspect of load distribution this is the most unfavorable position of the rolling
bearing support. Then, the most-loaded rolling element transfers the largest part of the
external load [14]. For these reasons, so far, almost all published studies have limited their
analysis to only this position of support [15-20].
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a) BSO support system b) scheme of load and contact deformations

Figure 1. The internal radial load distribution in the BSO position of the rolling elements set.

The analysis conducted showed that by correct selection of the load factor, the new
model provides much more precise results compared to the Stribeck method. Based on this,
in the conclusion, guidelines for the efficient selection of load factors are proposed.

2. The Static Equilibrium Equations for the BSO Position of Support

The problem of calculating the internal load distribution is a statically indeterminate
problem. Therefore, the system of static equilibrium equations needs to be extended with
additional equations, which are based on the relationship between contact stresses and
deformations. A detailed description of the calculation is presented in the references [4,8,9].

In Figure 1, the scheme of the internal load distribution for the BSO position of support
for the rolling bearing with internal radial clearance is presented. The force equilibrium
condition for this position can be set as:

9-1

Q=FK+2- 22: F; - cos(iv). 3)
i=1

where: Q—the external radial load, Fp—the load of the most-loaded rolling element,
Fi—the load of i-th rolling element, y—the angular spacing between rolling bearing ele-
ments, g—the number of active rolling elements.

Equation (3) is a statically indeterminate equation. Unknown values are loads that
transfer through the rolling elements of the bearing (F;). By taking into account the symme-
try of the problem, the number of unknown values is equal to (g + 1)/2. So, besides the
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equilibrium Equation (3), it is necessary to set up (7 — 1)/2 additional equations, based on
the relationship between the contact stresses and the deformations of the coupled parts of
the bearing.

According to [4,8], the total deflection of the bearing is equal to the sum of the boundary
deflection until the entry of the i-th rolling element into contact with the bearing rings and
the projection of the total contact deformation of the i-th rolling element on the direction of
the action of external load, i.e.,:

J;

cos(iv)’ @

Wy = Agi+1 +
where is a5;,1—the necessary bearing deflection for the entry of the i-th rolling element in
contact with rings, §;—the contact deformations on the place of the i-th rolling element.

The necessary bearing deflection (a5;,1) is directly dependent on the bearing type and
the internal radial clearance size. For necessary bearing deflection, study [8] adopted the
term “boundary-bearing deflection” and presented a procedure for its simple determination.
According to this procedure, the boundary-bearing deflection is calculated as:

e

®)
where: e—internal radial clearance, g4 = 2i + 1—number of rolling elements on which the
inner bearing ring is supported, and t;—coefficient of boundary-bearing deflection that can
be obtained from the tables shown in the literature [4,8].

Taking into account Equation (4), the system of equations for the calculation of the
internal load distribution for the BSO position can be written as:

q—1
e
Q=F+2-) F-cos(iv)
=1
i 5
cos 7y
)
wp = a5 + ——=—
cos(27) ©)

wo = az +

According to the Hertz theory [11], the size of the contact deformations (6;) can be

calculated based on the equation:
1

E\ "
5; = <K> . @)

where is K—the effective coefficient of the bearing stiffness, and n—exponent that is
dependent on the type of the bearing (n = 3/2 for a ball bearing and n = 10/9 for a bearing
with the rollers).

Based on Figure 1b, it is clear that the total deflection of the bearing is equal to the
contact deformation at the place of the most-loaded rolling element, i.e., w, = Jy. Based on
that and Equation (7), the total deflection of the bearing can be written as:

Wo = (11.;0)“. (8)
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That is, taking into account Equations (6)—(8), the system of equations for the calcu-
lation of the internal load distribution for the BSO position of the rolling bearing can be

written as:
q-1

2
Q=F+2- ZFZ- - cos(iy)
i=1

1 1
F\" 1 /FE\"
<K> _a3+cosv(1<>
1 1
Fo\" 1 [(B\"
<K) _a5+c052'y(1<>

. ©)
1

1
F\n 1 [(E\"
(K) ‘”2’“+cos<iv>(1<>

1 1
E\ 7 1 F n
0 — aq + (q-1)/2
K g—1 K
cos(1=7)

The system of Equation (9) consists of (g + 1)/2 non-linear equations. By solving this
system, it is possible to obtain the loads that transfer the individual rolling elements. Since
the system is non-linear, it can be only solved numerically. The total number of active
rolling elements of the bearing (g) can be easily determined based on the procedure shown
in [9].

3. Case Study of the Load Calculation That Transfers the Most-Loaded Rolling
Element of the Rolling Bearing

3.1. Case Study of the Ball Bearing

The radial ball bearing 6206 was taken as an example for the calculation. The ef-
fective coefficient of the bearing stiffness is K = 3.41-10° N/mm3/2. The total number of
rolling elements is z = 9, and the maximum possible number of active rolling elements is
zs =5 [8]. The values of the coefficient of boundary-bearing deflection (f;) and the coefficient
of boundary external radial load (s;) were determined from the tables, which are presented
in references [8,9] and shown in Table 1. The values of the load factor for the most-loaded
rolling element kyqxq are also shown in Table 1. These values were determined based on
Table 1 from the literature [5].

Table 1. The coefficient of boundary-bearing deflection (#;) and boundary external radial load (s;)
and the load factor of the most-loaded rolling element (kyqxg) for ball bearing 6206.

q=3 q=4 q=5

ty 0.3054 0.9358 47588
S 0.1688 1.5498 20.0348
Fmazg 1.0000 0.5321 0.5182

The load that transfers the most-loaded rolling element of bearing is possibly ob-
tained by the multiplication of factors k. with the external radial load (Q), according
to Equation (1). The results of the calculation for the 6206 ball bearing are shown in
Tables A1-A8, which are shown in Appendix A. The results are shown for different values
of the internal radial clearance, which were varied in the full range of standard recom-
mended values of the internal radial clearance for the 6206 bearings (from 0 to 50 pm) [21].

The load values for the most-loaded rolling element were calculated and shown in
relation to three different methods:
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e By solving the systems of nonlinear equations (Equation (9)). In Tables A1-A8—exact
value;

Using Stribeck’s number, according to Equation (2);
By applying the load factor of the most-loaded rolling element, according to Equation (1).

To obtain an effective analysis, the calculation was performed by using the load factors,
especially for all three values of factors kyxg shown in Table 1. The errors of calculation in
percentages are shown below the results. The errors were obtained by comparing obtained
results with the exact value. The external load values were varied in the range from
10 to 10,000 N, which is very close to the static load rating of the bearing, which is 11,200 N.
In addition, the calculation was performed also with respect to the boundary values of
external load (Q,). These values in the tables are bold. The boundary values of the external
load were calculated in relation to the following Equation [9]:

e\
Qq_K-sq~<§) . (10)

The results shown in Tables A1-A8 are graphically presented in Figures 2-9. The
calculation results of the load of the most-loaded rolling element are shown on the left side
(a), and the errors in a percentage are shown on the right side (b) of Figures 2-9.
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Figure 2. The radial ball bearing 6206 with an internal radial clearance ¢ = 0 pm.
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Figure 3. The radial ball bearing 6206 with an internal radial clearance e = 5 pm.
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Figure 4. The radial ball bearing 6206 with an internal radial clearance e = 10 um.
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Figure 5. The radial ball bearing 6206 with an internal radial clearance e = 15 um.
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Figure 6. The radial ball bearing 6206 with an internal radial clearance e = 20 um.
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Figure 9. The radial ball bearing 6206 with an internal radial clearance e = 50 um.
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3.2. Case Study of Bearing with Rollers

As an example for the calculation, a radial roller bearing with cylindrical rollers
(NU 2205 EC) was taken. The effective coefficient of the stiffness of this bearing is
K =3.14-10° N/mm!%/9. The total number of rolling elements is z = 13, and the maxi-
mal possible number of active rolling elements is z; = 7 [8]. The values of the coefficient
of boundary-bearing deflection (t;) and the coefficient of boundary external radial load
(sq) for this bearing are shown in Table 2, and they are determined from the tables that are
presented in the literature [8,9]. The values of the load factor of the most-loaded rolling
element kmuxq are also shown in Table 2. These values are determined according to Table 2
from the literature [5].

Table 2. The coefficient of boundary-bearing deflection (#;) and boundary external radial load (s;)
and the load factor of the most-loaded rolling element (kyqxg) for roller bearing NU 2205 EC.

g=3 g=4 q=5 q==6 q=7

tg 0.1294 0.3061 0.7604 1.7901 7.2962
Sq 0.1031 0.5043 1.6650 5.2715 27.7786
Kiaxq 1.0000 0.5150 0.4430 0.3506 0.3276

The results of the calculation are shown in Tables A9-A16 (Appendix B). The analysis is
performed for different values of the internal radial clearance, which were varied between
0 and 50 um. For this example too, the values of the load were calculated and shown
regarding the three above-mentioned methods. The values of the external load were varied
in the range from 10 to 30,000 N, which is close to the static load rating of this bearing, which
is 34,100 N. Additionally, the results acquired in relation to the values of the boundary
external load (Qy) are bold in the tables. Results from Tables A9-A16 are graphically shown
in Figures 10-17.
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Figure 10. The radial roller bearing NU 2205 EC with internal radial clearance e = 0 um.
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Figure 11. The radial roller bearing NU 2205 EC with internal radial clearance e = 5 um.
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Figure 12. The radial roller bearing NU 2205 EC with internal radial clearance e = 10 um.

Fo[N)

35000

30000 +

25000

20000

15000

10000

5000

o

a)

‘o

L PSS
R R

Q[n]

the exact result

- = a3
—_— g
————s
— . g6

q7

= slribeck

b)

Error [%]
~

0 b S -
] N O S B
PP & w@&w‘&

aln]

-——
— g4
P
— g6

q7

— stribeck.

-~ -
- ey

Figure 13. The radial roller bearing NU 2205 EC with internal radial clearance e = 15 pm.
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Figure 14. The radial roller bearing NU 2205 EC with internal radial clearance e = 20 pm.
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Figure 15. The radial roller bearing NU 2205 EC with internal radial clearance e = 30 pm.
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Figure 16. The radial roller bearing NU 2205 EC with internal radial clearance e = 40 pm.
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Figure 17. The radial roller bearing NU 2205 EC with internal radial clearance e = 50 pm.

3.3. Discussion of the Results

The part of the load that transfers the most-loaded rolling element of the rolling
bearing is possible to obtain simply by the multiplication of load factor kj.xq with the value
of the external radial load. On the level of the load of the most-loaded rolling element,
the largest influence is the number of active rolling elements. On the other hand, what
the number of active rolling elements in the bearing will be is primarily dependent on the
size of internal radial clearance and applied external load. The larger external load will
cause a greater number of active rolling elements, and at low values of the external load,
the number of active rolling elements will be smaller and will be in an interval g4 = 1+-3.
It implies that for the lower values of the external load, the calculation with the factor of
load ky4x3 Will give more accurate results. This is also shown by the results presented in
the previous subchapter. The factor ky,;,3 corresponds to supporting the three active rolling
elements of the bearing.

On the other side, for larger values of external loads, more accurate results are obtained
with kyuaxg factors, which correspond to the larger number of active rolling elements.

The internal radial clearance negatively affects the number of active rolling elements.
The larger values of internal radial clearance, then as a consequence have a smaller
number of active rolling elements in the bearing. In this regard, larger values of in-
ternal clearance will increase the zones in which the calculation with coefficient k.3
provides the best results. By reducing the value of the internal clearance, the size of this
zone will be proportionally narrower. For example, for a relatively small clearance of
e =5 pum and bearing 6206, the length of the zone in which factor ky,;,3 provides the best
results reaches up to about 10 N, and up to 40 N for bearing NU 2205. On the other side, for
clearance e = 50 um, this zone increases up to 200 N for bearing 6206, or 900 N for bearing
NU 2205 EC.

So, the larger the value of the external load and the smaller the size of the internal
clearance, the calculation with load factor kmaxq provides more accurate results compared
to the calculation recommended by Stribeck. This is especially expressed in the bearings
with rollers. For loads that allow supporting with the maximum possible number of
rolling elements, the calculation using the load factor provides much more accurate results
compared to Stribeck’s method.
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The calculation provides accurate results for the boundary values of external load (Qy),
which correspond to the boundary-bearing deflection (4;). In those situations, the support
system of the inner ring switches from g — 1 on g active rolling elements. Extremely high
accuracy of the results is obtained also in the areas that are relatively close to the boundary
values of the external load. Furthermore, a higher total number of active rolling elements
in the bearing increases the accuracy and width of high-accuracy zones.

The calculation results for the boundary loads are highlighted in bold. Until the first
bold load, the inner bearing ring will support according to support systems 1-2 [4,13]. At
higher loads, the third rolling element engages the ring of the bearing and becomes active.
The next bold column corresponds to the load when the inner ring begins to support four
rolling elements, etc.

By analyzing the results shown in the pictures (Figures 2-17), it can be concluded that
a much greater precision of results can be acquired by the proper selection of load factors
that will give the best accuracy for a given bearing and applied external load. In doing so,
it is good to keep the following recommendations and conclusions:

e  The calculation provides the most accurate results in areas that are close to the bound-
ary values of external load;

e  For relatively low loads, which are expected to cause support on the maximum of
three active rolling elements, the best results are obtained by calculation using the
coefficient kyy3;

e  For support on the maximum possible number of active rolling elements (zs), the best
results are obtained using the coefficient corresponding to that number (k;;axzs).

4. The Calculation by Applying a Selection of Coefficients

In order to properly verify the above recommendations, Figures 18-33 show the
results of the calculation by applying the selection of coefficients. The previously discussed
bearings, 6206 and NU 2205, were again taken as an example. The load distribution factors
were selected according to the above recommendations. Here again, the diagrams on
the right show loads of the most-loaded rolling element, while the left shows the error
according to the proposed method and the Stribeck method.
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Figure 18. The radial ball bearing 6206 with an internal radial clearance e = 0 um.

a) b)
) 50
—— =the exact result ¢ = Stribek 45
6000 gg
5000 7 T30 5um
_. 4000 5um /d 5 25
2 3000 y 520 .
2 000 15
10 = Stribeck
1000 5
0 0
9 A LD D K 9 © O O "~ 2888888188888
NPERLLLL P LSS ERI R AR
R g
QlN] Q[n]

Figure 19. The radial ball bearing 6206 with an internal radial clearance e = 5 pm.
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Figure 20. The radial ball bearing 6206 with an internal radial clearance e = 10 um.
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Figure 21. The radial ball bearing 6206 with an internal radial clearance e = 15 um.
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Figure 22. The radial ball bearing 6206 with an internal radial clearance e = 20 um.
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Figure 23. The radial ball bearing 6206 with an internal radial clearance e = 30 um.
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Figure 24. The radial ball bearing 6206 with an internal radial clearance e = 40 um.
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Figure 25. The radial ball bearing 6206 with an internal radial clearance e = 50 um.
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Figure 26. The radial roller bearing NU 2205 EC with internal radial clearance e = 0 um.
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Figure 27. The radial roller bearing NU 2205 EC with internal radial clearance e = 5 um.
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Figure 28. The radial roller bearing NU 2205 EC with internal radial clearance e = 10 pm.

a) b)
= the exact result q == stribeck ( == stribeck

14000 70
12000 60

) — /| e B\ —
6000 | 15um 7/¥ 30
- At RN

FO [N]

Error [%]

299249929999 99®9909Q9Q9 o 0999999999929 %9383 9
FRABRSISC SNBSS R 1983838 SRR BTSSR S 29S8 388 8
RN R R - - IE-E-E- -] SSRAoc®S88’33833383g8 8
S RNARN®S8 333 S RNAR@SA3S
S 4R @ 4 a8 @

Q[n] Q[n]

Figure 29. The radial roller bearing NU 2205 EC with internal radial clearance e = 15 um.
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Figure 30. The radial roller bearing NU 2205 EC with internal radial clearance e
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Figure 31. The radial roller bearing NU 2205 EC with internal radial clearance e = 30 pm.
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Figure 32. The radial roller bearing NU 2205 EC with internal radial clearance e = 40 pm.
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Figure 33. The radial roller bearing NU 2205 EC with internal radial clearance e = 50 pm.

Discussion of the Results

The calculation results presented in Figures 18-33 show the much greater accuracy of
the method proposed in this paper than the method of Stribeck.

This is especially expressed at the roller bearing NU 2205. For this bearing, Stribeck’s
expressions show higher accuracy only at bearings with zero internal clearance and at
high external loads (over 30,000 N), as well as in narrow zones in which the inner ring is
supported according to support systems 4-5 (on four rolling elements for a BSE support
system, and five rolling elements for a BSO support system) [13]. BSE is the boundary
position of support on an even number of rolling elements. In other cases, with bearing
NU 2205, the calculation by the proposed method provides much more accurate results,

compared to Stribeck’s numbers.
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On the dash-dot line, for the error of calculation on the proposed method, we can
notice a higher number of peaks—one peak in each zone with a different support system
of the inner ring. For the boundary values of external radial load at which a new rolling
element comes into contact with rings, the error of calculation decreases to zero. By further
increase of the load, it reaches a maximum value, so again it is lowered to zero in the new
boundary zone when new rolling elements engage the rings. Accordingly, the peaks on
the dash-dot line are occurring in the zones that are farthest from the zones of boundary-
bearing deflection, that is, boundary-bearing load. Furthermore, we can notice that the
height of peaks on the dot-dash lines decreases with the increase of external load.

The precision of the proposed method for the ball 6206 bearings is somewhat less.
However, for the normal values of clearance (5-20 um) [21], which are the most commonly
encountered in practice, the zone of the more precise results for the proposed method
is much wider compared to Stribeck’s method. From Figures 21-25, it can be seen that
Stribeck’s method provides more precise results in the zones where the support systems
3—4 occur. Above these zones, and up until the static load rating of the bearing, which is
11,200 N, the calculation by application of the recommended method provides more accu-
rate results. For the bearings in which internal clearance is higher than 40 um, Stribeck’s
method is more recommendable. Those clearances fall under class C5 according to
ISO 5753-1 [21].

5. Conclusions

1. The aim of the research presented in this paper is the verification of a new model for
calculating the load carried by the most-loaded rolling element in rolling bearings
with internal radial clearance. The proposed model was verified on the example of
the two different bearing types: the radial ball bearing 6206 and the roller bearing
NU 2205 EC;

2. By analysis of obtained results, the following can be concluded:

- For the boundary values of the external load, which correspond to the boundary
deflection of the bearing, the calculation by application of load factors provides
accurate results;

- The results show extremely high accuracy in the zones that are relatively close to
the boundary values of the external load;

- The higher the number of active rolling elements, the greater the accuracy of the
results. Additionally, an increase in the number of active rolling elements in the
bearing expands the zones with high-precision results;

- The proposed calculation provides more accurate results in the bearings with a
larger total number of rolling elements because in these bearings it is easier to
achieve a higher number of active rolling elements.

3. The proposed model was compared to a calculation based on Stribeck’s numbers.
Both calculations are based on simple mathematical operations, do not require the
usage of computers, and are very useful for fast calculations and fieldwork;

4. As opposed to Stribeck, the model proposed in this paper takes into account the
influence of internal clearance size on the load distribution within the bearing;

5. The analysis performed in this paper has shown that by correct selection of the load
factor, the new model provides much more precise results compared to the Stribeck
method;

6.  When selecting a load factor, it is good to follow the next recommendations:

- Select the values of the load factor in relation to the number of active rolling
elements and the boundary positions of the supports. The method of linear
interpolation can be used to specify the load factor, although the dependence
between load and deflection is not linear;

- For relatively low loads, where the support is expected on a maximum of three
active rolling elements, the best results are given by the calculation using the
coefficient kyqy3;
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When supporting bearings on the maximum possible number of active rolling
elements (z;), the calculation with the coefficient corresponding to that number
(kiaxzs) provides the best results.

7. The calculation performed by selecting the load factors is subjective (nonobjective)
because it depends on how much the person who performs the calculation will
correctly select the load factors. Yet, the application of the above recommendations
can ensure high accuracy of the obtained results.
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Appendix A. The Results of the Load Calculation That Transfers the Most-Loaded
Rolling Element of the 6206 Ball Bearing, without Selection of Coefficients

Table Al. The load of the most-loaded rolling element of bearing 6206 with radial clearance e = 0 um.

Q 5.0 8.0 10.0 20.0 50.0 80.0 100.0 2000 5000  800.0  1000.0 20000  5000.0  8000.0  10,000.0
fexsa:fltt 2.9 4.4 54 10.5 254 40.3 50.1 99.2 246.0 392.6 490.3 978.3 2441.4 3904.0 4879.0
q3 5.0 8.0 10.0 20.0 50.0 80.0 100.0 200.0 500.0 800.0 1000.0 2000.0 5000.0 8000.0 10,000.0
% 754 82.2 84.5 91.0 96.6 98.8 99.6 101.6 103.2 103.8 104.0 104.4 104.8 104.9 105.0
s 27 43 53 10.6 26.6 426 53.2 1064 2661 4257 5321 10642  2660.5 42568  5321.0
% -66 =30 -18 1.6 46 58 6.2 7.3 8.1 8.4 85 8.8 9.0 9.0 9.1
75 26 41 5.2 10.4 259 415 51.8 103.6  259.1 4146 5182 10364 25910 41456 51820
% —9.1 —5.6 —4.4 -1.0 1.9 3.0 3.4 45 53 5.6 5.7 59 6.1 6.2 6.2
Stribek 2.4 3.9 49 9.7 243 38.8 48.6 97.1 2428 3884 4856 9711  2427.8 38844 48556
% 148 -115  -104  -72 —45 35 -3.1 -2.1 -13 -1.1 ~1.0 07 06 05 -05
Table A2. The load of the most-loaded rolling element of bearing 6206 with radial clearance e = 5 um.
Q 5.0 7.2 10.0 50.0 66.1 80.0 100.0 2000 5000  800.0  854.8 10000  5000.0  8000.0  10,000.0
fexsa:fltt 5.0 7.2 9.4 329 41.6 49.1 59.7 111.7 2644 415.4 442.9 515.5 2487.2 3957.9 4937.2
q3 5.0 7.2 10.0 50.0 66.1 80.0 100.0 200.0  500.0 800.0 854.8 1000.0 5000.0 8000.0 10,000.0
% 0.0 0.0 6.6 522 58.8 63.0 67.5 79.0 89.1 92.6 93.0 94.0 101.0 102.1 102.5
s 27 3.8 53 26.6 35.2 426 532 1064 2661 4257 4548 5321 26605 42568 53210
% 468  —468 —433 -190 —155 133 109 48 06 25 2.7 32 7.0 7.6 7.8
a5 2.6 3.7 5.2 259 34.3 415 518 1036 259.1 4146 4429 5182 25910 41456 51820
% 482  —482 448 212 —177 155 132 72 20 0.2 0.0 05 42 47 5.0
Stribek 2.8 4.0 5.6 27.8 36.7 444 556 1111 2778 4444 4749 5556 27778 44444 55556
% —444  —444 408 —155 —11.8 94 -69  —06 5.1 7.0 7.2 7.8 11.7 12.3 12.5
Table A3. The load of the most-loaded rolling element of bearing 6206 with radial clearance ¢ = 10 pm.
Q 10.0 20.0 20.4 50.0 100.0 187.1 200.0 500.0 800.0  1000.0 2000.0 2417.6 5000.0 8000.0 10,000.0
fex;fltt 10.0 20.0 204 406 69.9 117.8 1248 2822 4362 5381  1043.0 12527 25357 40160  5000.2
73 10.0 20.0 204 50.0 1000 1871 2000 5000  800.0 10000  2000.0  2417.6  5000.0 80000  10,000.0
% 0.0 0.0 0.0 23.0 43.1 58.8 60.3 77.2 83.4 85.8 91.8 93.0 97.2 99.2 100.0
s 53 10.6 108 26.6 53.2 99.6 1064 2661 4257 5321 10642 12864  2660.5 42568  5321.0
% -468  —468  —468 -345 239 —155 -147 57 24 -1l 2.0 2.7 49 6.0 6.4
a5 5.2 10.4 10.6 25.9 51.8 97.0 103.6  259.1 4146 5182 10364 12528  2591.0 41456 51820
% 482  —482  —482 362  -258 —17.7 -169  -82 50 37 —0.6 0.0 22 3.2 3.6
Stribek 5.6 111 11.3 27.8 55.6 103.9 1111 2778 4444 5556 11111 13431  2777.8 44444 55556
% —44.4 —44.4 —44.4 —31.6 —20.5 —11.8 —10.9 -1.6 1.9 32 6.5 7.2 9.5 10.7 111
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Table A4. The load of the most-loaded rolling element of bearing 6206 with radial clearance e = 15 pm.
Q 10.0 20.0 37.4 50.0 100.0 200.0 343.6 500.0 800.0  1000.0 2000.0 4441.4 5000.0 8000.0 10,000.0
fexsaucltt 10.0 20.0 37.4 473 79.6 137.6 2163 2998 4569 5604 10712 23013  2580.7 40716  5061.1
s 10.0 20.0 37.4 50.0 1000 2000  343.6 5000  800.0 1000.0  2000.0 44414  5000.0  8000.0  10,000.0
% 0.0 0.0 0.0 5.7 25.6 454 58.8 668 751 784 86.7 93.0 93.7 96.5 97.6
s 53 10.6 19.9 26.6 53.2 1064 1828 2661 4257 5321 10642  2363.3 26605 42568 53210
% —468  —468 —468 —438 332 -226 —155 113 68 5.1 —-0.7 2.7 3.1 45 5.1
a5 5.2 104 19.4 25.9 51.8 1036 1780 2591 4146 5182 10364 23015 25910 41456 51820
% 482 482  —482  —452 349 247 —177 136 -93 75 -32 0.0 04 1.8 24
Stribek 5.6 11.1 20.8 27.8 55.6 1111 1909 2778 4444 5556 11111  2467.5 2777.8 44444 55556
% —444 444  —444 413 302 192 118 74 27 —09 3.7 7.2 7.6 9.2 9.8
Table A5. The load of the most-loaded rolling element of bearing 6206 with radial clearance e = 20 pum.
Q 10.0 20.0 50.0 57.6 1000 2000 5000  529.0  800.0 1000.0  2000.0 50000  6838.0  8000.0  10,000.0
fe’:fltt 100 20.0 50.0 57.6 88.6 1501 3174 3331 4776 5827 10994 26196 35431 41239 51193
q3 10.0 20.0 50.0 57.6 100.0 200.0 500.0 529.0 800.0  1000.0 2000.0 5000.0 6838.0 8000.0 10,000.0
% 0.0 0.0 0.0 0.0 12.8 333 57.5 588 675 716 81.9 90.9 93.0 94.0 95.3
s 53 10.6 26.6 30.7 53.2 1064 2661 2815 4257 5321 10642  2660.5 36385 42568 53210
% 468  —468  —468  —468  —400 -291 -162 —155 —109 87 -32 1.6 2.7 3.2 39
qs 5.2 10.4 259 29.9 51.8 103.6  259.1 2741 4146 5182 10364  2591.0 35435 41456 51820
% —48.2 —48.2 —48.2 —48.2 —41.5 —-30.9 —18.4 —17.7 —-13.2 —11.1 —-5.7 -1.1 0.0 0.5 1.2
Stribek 5.6 11.1 278 32.0 55.6 1111 2778 2939 4444 5556 11111 27778 37989 44444 55556
% —444 444 444  —444 373 260 —125 —11.8 69 —47 1.1 6.0 7.2 7.8 8.5
Table A6. The load of the most-loaded rolling element of bearing 6206 with radial clearance ¢ = 30 pm.
Q 10.0 20.0 50.0 80.0 100.0 105.8 200.0 500.0 800.0  971.8 1000.0 2000.0 5000.0 8000.0 10,000.0
fe";fltt 10.0 20.0 50.0 80.0 1000 1058 1735 3520 5186 6119 6271 11556 26961 42150 52223
q3 10.0 20.0 50.0 80.0 100.0 105.8 200.0 500.0 800.0  971.8 1000.0 2000.0 5000.0 8000.0 10,000.0
% 0.0 0.0 0.0 0.0 0.0 0.0 15.3 42.0 54.3 58.8 59.5 73.1 85.5 89.8 91.5
qa 53 10.6 26.6 42.6 53.2 56.3 106.4 266.1 4257 5171 532.1 1064.2 2660.5 4256.8 5321.0
% 468  —468  —468  —468  —468 —468  -387 244 -179 —155 -151  -79 -13 1.0 1.9
a5 5.2 10.4 259 415 51.8 54.8 103.6  259.1 4146 503.6 5182 10364  2591.0 41456 51820
% —482 482  —482 482 482  —482 403 264 201 —17.7 174  -103 -39 -16 0.8
Stribek 5.6 11.1 278 444 55.6 58.8 1111 277.8 4444 5399 5556 11111  2777.8 44444 55556
% —44.4 —44.4 —44.5 —44.4 —44.4 —44.4 —36.0 —21.1 —-143 —11.8 —-114 -39 3.0 54 6.4
Table A7. The load of the most-loaded rolling element of bearing 6206 with radial clearance e = 40 pm.
Q 10.0 20.0 50.0 80.0 100.0 163.0 200.0 500.0 800.0  1000.0 1496.1 2000.0 5000.0 8000.0 10,000.0
fex;fltt 10.0 20.0 50.0 80.0 1000  163.0 1931 3856  559.1 671.0 9420 12117 27726 43045 53188
3 10.0 20.0 50.0 80.0 1000 163.0  200.0 5000  800.0 1000.0 14961 20000  5000.0  8000.0  10,000.0
% 0.0 0.0 0.0 0.0 0.0 0.0 3.6 297 431 490 58.8 65.1 80.3 85.9 88.0
s 53 10.6 26.6 426 53.2 86.7 1064 2661 4257 5321 796.1 10642 26605 42568  5321.0
% —468  —468  —468 468  —468 —468 —449 310 -239 -207 —155 —122  —40 1.1 0.0
qs 52 10.4 259 415 51.8 84.4 103.6 259.1 4146 5182 775.3 1036.4 2591.0 4145.6 5182.0
% 482 482  —482  —482  —482  —d482  —463 328 -258 -228 —17.7 145  —65 -37 -26
Stribek 5.6 11.1 278 444 55.6 90.5 1111 2778 4444 5556 8312 11111  2777.8 44444 55556
% —444 444 445 444 444  —444 425 280 205 -172 —11.8  —83 02 33 45
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Table A8. The load of the most-loaded rolling element of bearing 6206 with radial clearance e = 50 pm.
Q 10.0 20.0 50.0 80.0 1000 2000 2277 5000  800.0 1000.0  2000.0  2090.9 50000  8000.0  10,000.0
fexsaucltt 100 20.0 50.0 80.0 1000 2000 2277 4177 5987 7142 12674 13165 28490 43940 54152
a3 100 20.0 50.0 80.0 1000 2000 2277 5000  800.0 1000.0 20000  2090.9 50000  8000.0  10,000.0
% 01 0.0 0.0 0.0 0.0 0.0 0.0 197 336 400 57.8 58.8 755 82.1 847
0 53 10.6 26.6 426 53.2 1064 1212 2661 4257 5321 10642 11126 26605 42568 53210
% —467  —468  —468  —468 —468  —468 —468 -363 -289 -255 -160 —155 —66 3.1 -17
qs 5.2 104 25.9 415 51.8 1036 1180 2591 4146 5182 10364 10835 25910 41456 51820
% —481  —482  —482  —482  —482  —482  —482 -380 308 -274 -182 —17.7 91 -57 —43
Stribek 5.6 111 27.8 444 55.6 1111 1265 2778 4444 5556 11111 11616 27778 44444 55556
% —444  —444 444 445 444 444 —444 335 -258 -222 —123 —118  -25 11 26
Appendix B. The Results of the Load Calculation That Transfers the Most-Loaded
Rolling Element of the NU 2205 EC Roller Bearing, without Selection of Coefficients
Table A9. The load of the most-loaded rolling element of roller bearing NU 2205 with clearance e = 0 pm.
Q 100 200 500 800 1000 2000 5000 800.0 1000.0 2000.0 5000.0 8000.0 10,000.0 15000.0 20,000.0  30,000.0
ead 62 102 222 324 389 712 1671 2627 3261 6419 15877 25329 31629 47378 63125 94617
73 100 200 500 800 1000 2000 5000 800.0 1000.0 2000.0 5000.0 8000.0 10,000.0 15000.0 20,000.0 ~ 30,000.0
% 623 953 1248 1471 1569 1809 1992 2045 2066 2116 2149 2158 2162 2166 2168 2171
a4 52 103 258 412 515 1030 2575 4120 5150  1030.0 25750 41200 51500 77250 10,3000 15450.0
% —-164 06 158 272 323 446 541 568 579 605 622 627 62.8 63.1 632 63.3
a5 44 89 22 354 443 886 2215 3544 4430 8860 22150 35440 44300 66450 88600  13,290.0
% -281 -135 —04 95 138 244 325 349 358 380 395 399 40.1 403 404 405
96 35 7.0 175 280 351 701 1753 2805 350.6 7012 17530 28048 35060 52590 70120 105180
% —431  -315 -212 -134 -99 -15 49 68 7.5 9.2 104 10.7 10.8 11.0 111 112
qr 33 6.6 164 262 328 655 1638 2621 327.6 6552 16380 26208 32760 49140 65520  9828.0
% —468 -360 -263 -191 -158 -80 -—20 —02 05 21 32 35 3.6 37 38 39
Stribek 3.1 63 157 251 314 628 1569 2511 3138 6277  1569.2 25108 31385 47077 62769 94154
% —491  -387 -294 -225 -194 -119 —61 —44 38 22 -12 —09  —08 —0.6 —0.6 -05
Table A10. The load of the most-loaded rolling element of roller bearing NU 2205 with clearance
e=5pum.
Q 100 417 1000 2000 2037 5000 6726  1000.0 20000 2129.6 5000.0 8000.0 10,0000 112221 20,0000  30,000.0
oxact 100 417 74 1086 1101 2292 2980 4073 7320 7738 16933 26501 32870 36759 64499 96053
7 100 417 1000 2000 2037 5000 6726  1000.0 20000 2129.6 5000.0  8000.0 10,0000 112221 20,0000  30,000.0
% 0.0 0.0 484 841 850 1181 1257 1455 1732 1752 1953 2019 2042 2053 210.1 212.3
i 5.2 214 515 1030 1049 2575 3464 5150 10300 10967 25750 41200 5150.0  5779.4 10,3000 15450.0
% —485 —485 236 —52 —47 123 163 264 407 417 521 55.5 56.7 57.2 59.7 60.8
7 44 185 443 886 90.3 2215 2980 4430 8860 9434 22150 35440 44300 49714  8860.0  13,290.0
% —557 —557 —343 -184 —180 -34 0.0 88 210 219 308 337 348 35.2 37.4 384
q6 35 146 351 701 714 1753 2358 3506 7012 7466 17530 28048 35060 39345 70120  10,518.0
o —649 —649 —480 -354 —351 -235 —209 139 -42 35 35 538 6.7 7.0 8.7 9.5
q7 33 13.6 328 655 667 1638 2204 3276 6552 6977 16380 26208 32760 36764 65520  9828.0
% —672 —67.2 —514 -397 —394 -285 —260 —196 -105 —98 -33  —11 -03 0.0 16 23
Stribek 3.8 160 385 769 784 1923 2587 3846 7692 8191 19231 30769 38462 43162 76923 115385
% —-615 —615 —429 -292 —288 —161 -—132 56 51 5.9 13.6 16.1 17.0 17.4 19.3 20.1




Lubricants 2022, 10, 306

19 of 21

Table A11. The load of the most-loaded rolling element of roller bearing NU 2205 with clearance

e =10 um.
Q 50.0 89.97  100.0 2000  440.1  500.0  800.0 1000.0 1453.0 2000.0  4600.2 5000.0  8000.0 20,0000 24,241.1 30,000.0
fe";ﬁtt 50.0 89.96 950 1388 2379 2622 3831 4632  643.6 8271 16715 18002 27625 65904 79404 97624
3 50.0 89.97  100.0 2000 4401  500.0  800.0 1000.0 1453.0 2000.0  4600.2 5000.0  8000.0 20,0000 24,241.1 30,000.0
% 0.0 0.01 5.3 44.1 85.0 90.7 1088 1159 1257 1418 1752 1778 1896 203.5 205.3 207.3
Ga 25.8 4633 515 1030 2266 2575 4120 5150 7483  1030.0 2369.1 25750 4120.0 10,300.0 12,484.2 15450.0
% —485  —4849 —458 —258 —47 —18 7.5 11.2 16.3 245 41.7 43.0 49.1 56.3 57.2 58.3
g5 222 39.86 443 88.6 1950 2215 3544 4430 6437 8860 20379 22150 35440 8860.0  10,738.8 13,290.0
% —557 —5570 —534 —362 —180 —155 75 —44 0.0 7.1 21.9 23.0 28.3 344 35.2 36.1
q6 17.5 3154 351 701 1543 1753 2805 350.6 5094 7012 16128 1753.0 28048 70120 84989  10,518.0
% —64.9 —64.94 —63.1 —495 —35.1 —33.2 —26.8 —24.3 —20.9 —15.2 —3.5 —-2.6 1.5 6.4 7.0 7.7
q7 16.4 2947 328 655 1442 1638 2621  327.6 4760 6552  1507.0 16380 2620.8 65520 79414  9828.0
% —67.2 —67.24 —655 528 —394 375 —-31.6 —29.3 —26.0 —20.8 —9.8 -9.0 —5.1 —-0.6 0.0 0.7
Stribek  19.2 3460 385 769 1693 1923 3077 3846 5588 7692  1769.3 19231 30769 76923 93235 11,5385
% —615 —61.53 —595 —446 —288 —267 —197 —170 —132 —7.0 5.9 6.8 11.4 16.7 17.4 18.2
Table A12. The load of the most-loaded rolling element of roller bearing NU 2205 with clearance
e=15um.
Q 100.0  141.2 2000 5000  690.5  800.0 1000.0  2000.0 2279.9 5000.0 72183  8000.0  10,000.0 15,000.0 20,0000  30,000.0
fexs?fltt 100.0 141.2 168.7  295.3 373.3 417.7 498.5 898.6  1009.9 19059  2622.7 2874.3 3516.7 5117.3 6713.9 9901.0
q3 100.0 141.2 200.0  500.0 690.5 800.0 1000.0  2000.0 2279.9  5000.0 7218.3 8000.0 10,000.0  15,000.0 20,000.0 30,000.0
% 0.0 0.0 186  69.3 85.0 915 1006 1226 1257 1623 1752 1783 184.4 193.1 197.9 203.0
qa 51.5 72.7 103.0 2575 355.6 412.0 515.0 1030.0 11741 2575.0 37174  4120.0 5150.0 7725.0 10,300.0 15,450.0
% —485 —485 389 —128 —47 —14 33 14.6 16.3 35.1 41.7 433 46.4 51.0 53.4 56.0
q5 443 62.5 88.6 221.5 305.9 3544 443.0 886.0 1010.0 22150 3197.7 35440 4430.0 6645.0 8860.0 13,290.0
% —55.7 —55.7 —475 —-250 —18.0 —-152 —11.1 —14 0.0 16.2 21.9 23.3 26.0 29.9 32.0 342
((16 35.1 49.5 70.1 175.3 2421 280.5 350.6 701.2 799.3 1753.0  2530.7 2804.8 3506.0 5259.0 7012.0 10,518.0
Yo —64.9 —64.9 —584 —40.6 —35.1 —-329 -29.7 —-220 —20.9 —-8.0 —3.5 —24 -0.3 2.8 4.4 6.2
q7 32.8 46.3 655 1638 2262 2621 3276 6552 7469 16380 23647 2620.8 32760 49140  6552.0  9828.0
% —672 —672 —612 —445 —394 373 —343 271 —260 —141 —9.8 88 —6.8 —4.0 —24 —0.7
Stribek ~ 38.5 54.3 769 1923  265.6 3077 3846 7692 8769 19231 27763 30769 38462  5769.2 76923 11,5385
% —61.5 —61.5 —544 349 —28.8 —263 229 —144 —13.2 0.9 5.9 7.0 9.4 12.7 14.6 16.5
Table A13. The load of the most-loaded rolling element of roller bearing NU 2205 with clearance
e =20 um.
Q 100.0 194.4 200.0 500.0 800.0 950.4 1000.0 2000.0 3138.6 5000.0  8000.0 9937.0 10,000.0  15,000.0 20,000.0 30,000.0
fe’;ﬁtt 100.0 1943 1974 3284 4524 5138 5340 9364 13903 20102 29855 3610.5 3630.8 52368 68371  10,029.6
q3 100.0 1944 200.0 500.0 800.0 950.4 1000.0 2000.0 3138.6 5000.0  8000.0 9937.0 10,000.0  15,000.0 20,000.0 30,000.0
% 0.0 0.0 1.3 52.3 76.8 85.0 87.3 113.6 125.7 148.7 168.0 175.2 1754 186.4 192.5 199.1
qa 51.5 100.1 103.0 257.5 412.0 489.4 515.0 1030.0 16164 2575.0 4120.0 5117.5 5150.0 7725.0 10,300.0  15,450.0
% —485 —485 —478 —216 -89 —47 35 10.0 16.3 28.1 38.0 41.7 418 47.5 50.6 54.0
g5 443 86.1 886 2215 3544 4210 4430 8860 13904 22150 35440 44021  4430.0 66450  8860.0  13,290.0
% —-557 —557 —551 —325 217 —181 —17.0 —54 0.0 10.2 18.7 21.9 22.0 269 29.6 32.5
q6 35.1 68.1 701 1753 2805 3332 3506 7012 11004 1753.0 2804.8 34839  3506.0  5259.0  7012.0  10,518.0
% —649 —649 —645 —466 —380 —351 —343 -—251 —209 -—128 —6.1 —35 —34 0.4 2.6 4.9
q7 32.8 63.7 655 1638 2621 3113  327.6 6552 10282 16380 26208 32554 32760 49140 65520  9828.0
% —672 —672 —668 —50.1 —421 —394 386 —300 —260 -185 —122 —98 —9.8 —6.2 —42 —2.0
Stribek 38.5 74.8 76.9 192.3 307.7 365.5 384.6 769.2 1207.2 1923.1 3076.9 38219 3846.2 5769.2 7692.3 11,538.5
% —615 —615 —610 —414 —320 —289 —280 —179 —132 —43 3.1 5.9 5.9 10.2 125 15.0
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Table A14. The load of the most-loaded rolling element of roller bearing NU 2205 with clearance

e =30 um.
Q 100.0  200.0 305.0 500.0 800.0 1000.0 1491.7 2000.0 4924.8 5000.0  8000.0 10,000.0  15,000.0 15,592.4 20,000.0 30,000.0
fé(;fltt 100.0  200.0 304.9 394.2 521.8  604.9 806.3 1012.3 2181.6 2208.0 3204.8 3857.1 5474.5 5665.4 7082.7 10,286.2
q3 100.0  200.0 305.0 500.0 800.0 1000.0 1491.7 2000.0 4924.8 5000.0  8000.0 10,000.0  15,000.0 15,592.4 20,000.0 30,000.0
%o 0.0 0.0 0.0 26.8 53.3 65.3 85.0 97.6 125.7 126.5 149.6 159.3 174.0 175.2 182.4 191.7
qa 51.5 103.0 157.1 257.5 412.0 515.0 768.2 1030.0 2536.3 2575.0  4120.0 5150.0 7725.0 8030.1 10,300.0  15,450.0
%o —485 —485 —485 —34.7 -21.0 —-149 —47 1.7 16.3 16.6 28.6 335 411 41.7 454 50.2
q5 443 88.6 135.1 221.5 3544  443.0 660.8 886.0 2181.7 2215.0 3544.0 4430.0 6645.0 6907.4 8860.0 13,290.0
%o —-55.7 557 —55.7 —43.8 —32.1 —-268 —18.0 —125 0.0 0.3 10.6 149 214 21.9 25.1 29.2
q6 35.1 70.1 106.9 175.3 280.5  350.6 523.0 7012  1726.6  1753.0  2804.8 3506.0 5259.0 5466.7 7012.0 10,518.0
%o —649 —-649 —64.9 —55.5 —46.2 —42.0 —-35.1 -30.7 —209 —20.6 —12.5 -9.1 -39 —3.5 -1.0 2.3
q7

Yo

32.8 65.5 99.9 163.8 2621 3276 4887 6552  1613.4  1638.0  2620.8 3276.0 4914.0 5108.1 6552.0 9828.0
—672 —672 —672 585 —498 —-458 —394 353 —26.0 —258 —18.2 —15.1 —10.2 —9.8 -75 —4.5

Stribek  38.5 76.9 117.3 192.3 307.7  384.6 573.7 769.2 18942 1923.1  3076.9 3846.2 5769.2 5997.1 7692.3 11,538.5

%

—615 —61.5 —61.5 —51.2 —410 -364 —288 240 —13.2 —-129 —4.0 —0.3 54 59 8.6 12.2

Table A15. The load of the most-loaded rolling element of roller bearing NU 2205 with clearance
e =40 um.

Q

100.0  200.0 419.8 500.0 800.0 1000.0 2000.0 2053.5 5000.0 6779.7  8000.0  10,000.0 15,000.0 20,000.0 21,465.1 30,000.0

exact 1000 2000 419.8 4588 5909 6758 10883 11100 22944 30032 34174 40794 57104 73270 77993  10,542.0

result

73 100.0 200.0  419.8 500.0 800.0 1000.0 2000.0 2053.5 5000.0 6779.7 8000.0 10,000.0 15,000.0 20,000.0 21,465.1 30,000.0
Y% 0.0 0.0 0.0 9.0 354 48.0 83.8 85.0 1179 125.7 134.1 145.1 162.7 173.0 175.2 184.6
4 51.5 103.0 216.2 257.5 412.0 515.0 1030.0 1057.5 2575.0 3491.6 4120.0 5150.0 7725.0 10,300.0 11,0545 15450.0
Y% —485 —485 —485 —439 -303 238 54 —4.7 12.2 16.3 20.6 26.2 35.3 40.6 41.7 46.6
s 443 88.6 186.0 221.5 354.4 443.0 886.0 909.7 22150 30034 3544.0 4430.0 6645.0 8860.0 9509.0 13,290.0
% —55.7 =557 —557 517 —40.0 344 -—-186 —18.0 —35 0.0 3.7 8.6 16.4 20.9 21.9 26.1
‘(16 35.1 70.1 147.2 175.3 280.5 350.6  701.2 719.9 1753.0  2377.0 2804.8 3506.0 5259.0 7012.0 7525.7 10,518.0
Yo —649 —-649 —649 —618 525 481 -—-356 —35.1 —23.6 —209 -179 —14.1 -79 —43 —3.5 —0.2
q7 32.8 65.5 137.5 163.8 262.1 327.6 6552 672.7 1638.0  2221.0 2620.8 3276.0 4914.0 6552.0 7032.0 9828.0
Y% —672 —672 —672 —643 556 515 —398 —394 286 —26.0 —233 -19.7 —13.9 -10.6 —9.8 —6.8

Stribek 385 76.9 161.5 1923  307.7 384.6 7692 789.8 19231 2607.6  3076.9 3846.2 5769.2 7692.3 8255.8 11,538.5

%

-615 -615 —61.5 581 —479 —-431 -293 —288 162 —13.2 -10.0 -5.7 1.0 5.0 5.9 9.5

Table A16. The load of the most-loaded rolling element of roller bearing NU 2205 with clearance
e =50 um.

Q

100.0  200.0  500.0 537.9  800.0 1000.0 2000.0 2631.3 5000.0 8000.0  8687.4  10,000.0 15,000.0 20,000.0 27,504.9 30,000.0

exact 100.0  200.1 500.0 537.9 659.6 746.5 11643 14224 23775 35749  3848.3 4294.9 5943.7 7569.8 9993.8 10,797.0

result
7 100.0  200.0  500.0 537.9  800.0 1000.0 2000.0 2631.3 5000.0 8000.0 8687.4  10,000.0 15,000.0 20,000.0 27,5049 30,000.0
% 0.0 0.0 0.0 0.0 21.3 34.0 718 85.0 110.3 123.8 125.7 132.8 152.4 164.2 175.2 177.9
q4 515 103.0  257.5 2770 4120 515.0 1030.0 1355.1 2575.0 4120.0 4474.0  5150.0 7725.0 10,300.0 14,165.0 15,450.0
% —485 485 -—485 —485 -375 310 -—115 —47 8.3 15.2 16.3 19.9 30.0 36.1 417 431
7 443 886 2215 2383 3544 4430 8860 11657 22150 3544.0 38485 44300 66450  8860.0 12,1847 13,290.0
% -557 —557 -557 —557 —463 —407 -239 —180 -68  —09 0.0 31 11.8 17.0 21.9 231
q6 351 701 1753 1886 2805  350.6 7012 9225 17530 28048 30458 35060 52590 70120 96432  10,518.0
% —649 —650 —649 —649 575 530 —398 —351 -263 215 —209 -184 115 ~74 —35 —2.6
q7 328 655 1638 1762 2621  327.6 6552  862.0 16380 26208 2846.0 32760 49140 65520  9010.6  9828.0
% —672 —673 —672 —672 —603 —56.1 —437 —394 311 -267 —260 -237 -17.3  —134  —98 -9.0
Stribek  38.5 76.9 192.3 2069 3077 3846 7692 1012.0 1923.1 30769  3341.3  3846.2 5769.2 7692.3 10,578.8  11,538.5
% —-615 —616 —615 —615 -—533 —485 -339 -—288 -—191 139 —132  -104 -29 16 5.9 6.9
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