2. Selection of bearing size

The size of a bearing is selected considering the load In
the used roliing bearing and also depends an the opera-
tional rating life and prescribed operating zafety.

Basic load ratings

The basic dynamic load rating C, is used to calculate
bearing dimensions while rotating under load. it expresses
the bearing admissible lead which will give a basic rating
life up to 1000 000 revalutiens,

The basic dynamic load ratings of URB bearings have
been determined in accordance with national standard
STAS 7160 and with the mathods prescribed by 150 281.
The values are given in bearing tables.

Considering the basic dynarmic load rating, is calculated
tha zardce tima until the fatigue of the material appears,
detarmining this way the calculated rating life.

Basic static load rating C,, is considered in case of low
gpeeds, low oscillating movernents or in the stationary
casa,

The basic static load rating is defined in accardance with
IS0 7€ and national standard STAS 7161, as the load acting
upon the stationary bearing. it corresponds to a calculated
contact stress in the centar of the contact area between the
most heavily loaded rolling element and the raceway, of:

- 4 500 MPa for self-aligning ball bearings,

- 4 200 MPa for all ather ball bearings,

- 4 000 MPa for all roller bearings.

This stress produces a permanent deformation of the
ralling efement and raceway which is abaut 0,0001 of the
rolling element diameter. The loads are pure radial for
radial bearings and pure axial for thrust bearings.

Bearing life

The life of & rolling bearing Is defined as the number of
revolutions or the number of operating hours, which the
bearing is capable to endure, before the first sign of fatigue
occurs on one of its rings, on the raceway or the rolling
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elemeants.

If we want to consider enly the fatigue on the bsaring
operating surfaces, the following conditions have to be
observed:

1. The forces and speeds considered when caleulating
the bearing should correspond to the real operating condi-
tions.

2. Proper lubrication showld be assured during the entire
operating pariod.

3, ltthe bearing carries a light load , its failure is generated
by the wear,

4, Experience showed that the failure of many bearings
was causad by other reasons than fatigue, such as: selec-
tlon of an inadequate bearing type in a bearing joint,
improper oparation or lubrication, outer paricles in bearing
ate,

Basic rating life

The basic rating life of a single bearing or of a group of
apparentiy identical bearings operating under identical
conditions, is the life corresponding to a reliability of 80%.

The average life of a group of bearings is approximeataly
five times longer than the basic rating iife.

Basic rating life is marked with L,y {millions of revolu-
tions) or Ly, (Dperating hours).

Lip can be calculated using the equation:

¥
Lin= 'FT

Lia - basic rating life, millions of revolutions,

- - basie bearing load, kN,

o - eguivalent dynamic bearing load, kN,

p - exponeant of the life equation with the
following valuas:

3 -for ball bearings

1043 - for roller bearings

-]
, Whare:

p
p




The equivalent dynamic bearing load, respectively the
radial and axial load, acting simultanecusly can be calcu-
lated using the following equations {applicable to ball and
raller radial bearings}):

P. = F. kN, - for pure radial load
P, = XF, + YFg, kN, - for combined load

For thrust ball bearings, the following equations can be
usaed:

Py = Fa kN, - for pure axial load
Pp — xFr + I"fIF.r kN. =, fUI‘mI'I'IbiI'I'Ed |ﬂﬂd

where,

F, = the radial component of the load, kN
F, = the axial component of the load, kN

In the texts preceding the bearing tables, for some
groups of bearings there are given details for determining
the equivalent load. Values of the coefficients X and Y can
be found in tables.

For bearings cperating at constant speed, the basic
rating life expressed in operating hours can be calculated
using the equation:

1 000 000 16 656
Lion=—g5 - (C/P)F sau Lygy = ———(C/P)°

whare:

n = rotational speed, rimin

Values of the basic rating life L5 {millions of ravolutions)
as a function of the ratio C/P can be found in the table 2.1,

WValues of the basic rating life L;q, (operating hours) as a
function of the ratio C/P and speed n can be found in table
2.2 for ball bearings and table 2.3 for reller baarings.

When determining the bearing size it is necessary to
base the calculations on the rating life corresponding to the
purpose of operation.

It usually depends on the machine type, service life and
the requirements regarding operational safety.

Approximate values of the service life for various classes
of machines and equipmeants for general purposas are
given In table 2.4

The basic rating life L,qy, of the bearings can be dater-
mined as a function of service life, using the iife calculation
chart on page 22.

Load ratle C/P for various Iife values Lo
{milions of revolutions)

Tabile 2,1
" Lyg eip Lig cip a0
Ball Rodler Ball Rollar
baarings  bearings bearings bearings

0,5 0,733 0,812 600 B43 8,61
6,758 0,508 ne17 650 B,B5 a0
1 1 1 OO0 B,6R 714
15 1,14 1,13 750 8,08 728
2 1,28 1,24 ] 8,28 743
3 1,44 1,38 550 9,47 7,508
] 158 1,52 ] .59 .7

5 1, M 1,82 250 9,83 ThE
] 1.82 1,71 1000 10 T,
[} 2 1.87 1100 10,3 B,17
10 215 g 1200 10,6 B,
12 288 211 1 300 Lk B.55
14 241 2.2 1400 112 8,78
18 2,52 23 1 500 11,4 8,47
i 362 2,38 1 600 11,7 8,15
o 27 245 1700 118 6,31
=5 282 2,83 1 B0G 12,2 3,48
30 3,11 277 1 504 124 883
a5 35T 281 2000 124 8,78
o 3,42 3nz 2200 13 1,1
45 4,58 313 2400 134 10,3
54 3,60 323 2800 135 105
&0 3,3 342 2 A0y 14,1 b+
70 412 3,58 3000 14,4 1"

84 4,31 37z 200 14T 11,38
B4 4,48 3,65 3 400 15 115
100 4,54 a4 =] 15,3 11,7
120 493 42 3 BOG 15,8 113
140 518 a4 4 Do 15,8 12

160 5,43 458 4500 165 125
1840 5.E5 4,78 5000 17,1 125
200 B,R5 4.8 5 S0l 7.7 132
220 B,04 50 6000 102 13,6
240 &,21 5,18 8500 187 138
250 5,38 5,3 7 000 18,1 142
28 8,54 5,42 TS50 186 14,5
300 8,68 5,54 BODO 2D 14,6
azn 6,84 5,54 B5MG 204 15,1
340 6,98 5,75 g000 208 16,4
360 7,11 5,85 B50 22 15,8
380 T2 5,84 Mmoo 2,58 154
304 747 6,03 12000 224 16,F
420 744 &1z 140080 P4 17,5
440 761 521 16000 252 18,2
480 T2 6,29 18000 282 18.9
AB0 7B B,37 oer 274 18,5
B0 7,84 f,45 500 PE2 200
550 3,19 6,64 A0 00O 51, 22

e =
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Table 2.2
I ET /P -\"
I when n =
5q 100 150 200 250 i) 400 500 750 1 DO 1 5040
100 .87 0,54 [ER I 1,05 1,14 T2 % 1,44 1,65 1,82 &.0a
S0 1,14 1,44 1,85 1,62 1,64 208 228 247 2,62 3,11 3,58
1 6o0 1,84 1,82 2,08 ) 247 Y 2.88 311 0,56 a8 A48
1 250 1.55 1.86 224 2,47 2,64 282 311 335 353 4,22 4,33
1 800 1,59 2,13 2,43 2,68 284 307 237 383 405 4,88 5,54
2 0CH) 1,82 2,28 262 2,68 3,11 3,0 3843 3.1 LR 4,83 5,658
2 500 1,448 24T 282 an 2,34 3,55 3,591 452 2,63 i .04
| 3200 2,13 2,68 3,07 337 3,63 3,88 4,35 A58 5,24 5,77 6,560
4 000 2,28 2,80 2,0 353 ag 4,18 4,58 4,83 5,65 821 711
5 000 2.7 3,11 358 3,81 4,2d 443 493 5.1 B, 8,86 Ta8
6 300 2,86 8,30 264 423 4,58 4. 84 5,33 5,74 0,57 7,23 28
8 00 284 4,62 4,18 458 4,53 B4 BT 51 7.1 7,83 8,58
10 Q0D 311 3,81 4,48 4.3 5,31 565 8.1 4,88 T.B8 8,43 8,85
12 500 3,38 4,32 4483 8,31 & 72 &08 68 7,21 B,25 8,08 10,4
18 DOy 3,83 4,58 Do A B21 B850 T2t 7,83 BB B.E& 11,3
20 000 as 483 a8 B.21 &e8 701 7,83 8,43 8,55 10,6 12,2
25 DD 432 5,31 6,108 B.E3 .21 758 8,43 8,08 04 114 13,1
A2 Dol 4,58 L &80 Fi= T.Ea Lag 8,16 8,86 11,3 124 14,2
&0 000 483 B,21 7.1 7,83 843 B56 8,08 10,8 122 13,4 15,3
50 DO L} 6,5 T B.dd w08 §85 10,8 11,4 13,1 14,4 16,5
83 DD 5,74 723 8,248 B, B.E1 10,4 11,5 124 142 156 17,8
B0 Do g,21 T.B3 4,98 508 13,8 11,3 12,4 154 15,3 a5 18,3
100 D00 6,88 8,43 4,65 10,6 11,4 13,2 13,4 14,4 18,5 182 20,6
20 00 38,43 e 122 13,4 14,4 15,3 16,8 182 0,8 25 26,2 J
P < —— “,
! Ligh o]
I whenn =
| 2 000 Z 500 3 000 i OOb B 000 6 000 8 DO 10 OO 15 00 20 000 30 e
1
; 100 2,28 247 2,82 2,88 3,11 3,30 3,63 3,81 d 48 i B 5,65
| soa aE1 4z .48 a.8% 5,31 5,65 @21 6,68 708 B3 8,66
|1 DD & B3 5,231 5,85 8,21 6,88 T A1 7,83 B,43 B65 108 12,2
| 1280 5,31 872 6,08 8,68 721 7,68 8,43 .08 10,4 11,4 13,1
| 1 D 577 B2 8,60 127 783 a,32 8,16 BB 11,3 12,4 142
| 2000 21 60 7,11 783 8,43 8,86 8,86 10,6 12,2 13,4 15,2
| 2 S 6,68 7.2 7.86 8,43 808 8,85 10,6 11,4 13,1 14,4 16,5
| Az T.aT 788 a2 8,16 5,46 10,5 11,5 12,4 14,2 157 178
4 00D ¥.83 B.d3 .88 8,88 10,8 11,3 124 13,4 15,3 18,5 183
i 5 Dol 8,43 2 2,65 10,6 11,4 12,2 134 14,4 16,9 18,2 20,8
| B33 8,11 B.E1 10,4 11,5 12,4 13,7 14,5 15,8 17,8 8.8 22,5
a oD B.86 0.6 11,3 12,4 13,4 14,2 15,7 18,8 18,3 21,3 24.3
10 008 10,6 11,4 122 18,4 14,4 16,3 065 18,2 20,8 2.0 i
| 12 500 11,% 12,3 14,1 14,4 i8] 18,5 182 18,8 22,4 24,7 282
16 00 12,4 13,4 14,2 18,7 16,8 17,8 %7 213 24,3 26,8 T
20 D0g 13,4 4.4 15,3 16,8 18,2 18,3 213 228 26,2 28,8 ]
25 Ol 14,4 18,5 16,6 18,2 18,6 20,8 el 24,7 76,2 a1 5.5
32 O0d 157 6.9 17,8 18,7 21,3 22,8 24,5 28,8 30,7 8.7 386
40 000 16,9 182 18,3 21,3 2.8 243 26,8 ed,8 33,0 35,3 41,8
50 000 18,2 188 20,8 2am 247 26,1 T a1, 35,8 28,1 448
B3 Oy 18,8 21.1 225 24,7 248 28,3 a2 35 28,4 423 48 4
B0 OO 213 228 =243 26,8 &d,8 a7 33,7 34,3 41,8 43,8 524
100 D00 228 247 28,3 a8 8 a1, a3.a a6, a8 1 448 48,3 B
200 000 a8 at 330 e a1 41,8 45,8 d48.3 =65 62,1 7.1
' o
20 REA

Ball bearings - load ratio C/P for various basic rating lives Lo, (operating hours) at various speeds n (r/min}




Roller bearings - load ratic C/P for various basic rating lives Lyon {operating heurs) at various speeds n (r/min}

Tabia 23
 Lion ciP \
whaenn =
50 100 150 00 =0 300 400 500 T50 1000 1 500
100 070 0,86 087 1,08 1,13 1,14 1,30 1,23 1,57 1.7 1,83
Lr 1,13 1,39 1,57 1,11 1,63 1,53 211 Zz8 2,54 2,77 3,13
1000 1,38 1.1 1,83 a1 2,25 2,34 258 arr 313 3,42 3,85
1220 1,489 1,83 2,07 2,25 241 2,64 277 aar 3,35 355 4,12
1 600 1,80 1,87 223 243 2,58 2,74 2,p8 a8 a3 383 4 dd ,
2 LK | 2,1 24 Z.58 277 2483 4,18 3,42 3,84 4250 475 |
|
2 500 1,83 225 2,54 277 247 3,13 a4z 3,85 452 4,50 §,08
3 200 1,97 243 a7 2,55 3,19 3,37 354 3,83 4,44 4,84 AT
4 00D 2,11 25 2,83 R 3,42 3,61 3.3 4,20 ATE 5,16 805
5000 2,25 277 3,13 342 4,85 3,84 4,20 4,50 508 554 8,25
6 300 2,42 2,487 3.36 3,88 am 4,13 4,51 442 R 5,853 G0
B 000 252 3,18 351 a5 420 4,44 4,84 5, 1d 5,85 &7 7.20
10 000 2,77 342 3,88 4,20 4,50 478 £1a 5,54 6,25 6,51 770
12 500 287 " 385 4,12 450 4,81 5,08 5,54 582 6,68 7.28 a2
16 000 3,18 a9 £ 4,84 B,18 LY 5,65 8,37 T 7,38 887
20 000 242 4,20 4,75 5,18 5,54 5,85 8,37 4,41 7.70 8,34 B,48
25 000 3,65 4 50 e ] 554 5a2 (-1 a,81 729 833 B.57 10,1
A2 000 3,53 4,84 547 A58 £8.27 673 7.4 785 B.B5 8,68 105
| 40000 4,20 518 5,65 B,37 551 720 785 B35 B48 10,3 11,7
50 G0 4,50 £, - B25 5,81 7.28 7.0 B8 agr 10,1 11,0 12,5
63 000 4,82 20 8,70 7.30 T84 3,25 B3 961 10,8 11,6 13,4
Bl 00D 518 B,37 720 7.85 .38 4,86 9,65 10,3 m"r 12,7 14,4
100 000 5 54 6,81 7.70 &g BET 3,45 10,3 11,0 125 135 15,4
| 2te D00 5,81 a8 5,440 10,3 11,0 1,7 12,7 13,4 15,4 1,7 16,5 |
— -"'Il
[ - "'-\._‘l
Lidh C/P
wWilien [ -
2000 2 500 3000 4006 5000 & oD B 000 10 00§ 15 000 20 000 30000
100 21 2,25 2,33 £.58 o 245 3,18 342 3,85 4,20 &,75
500 b - 3,85 A8 470 4,50 4,15 5,18 554 5,25 6,51 7.70
1 000 420 4,50 4,75 E,18 5,54 5 B5 aar 5,81 770 8,35 9,48
1 250 4,50 4,81 5,08 5,54 5,02 5,25 BB 728 8,23 aar 1,1
| 1500 4,84 518 5,47 E,56 6,37 8,73 7,34 7,45 8,36 5,86 10,9
i 2 000 18 5,54 5,85 6,37 A,a1 7.20 T.EE a3 8,48 103 11,7
2 500 B 54 582 8,25 &8 7.29 7.70 8,38 BET i@, 11,3 125
3 20d 558 8,37 &7 T34 7,85 A28 8,03 8,64 1,4 1.9 13,4
& 00 6,27 6,31 720 .25 B4 a5 58 103 1.7 127 144
5 00b g8t .29 7,70 B35 6,87 B.48 10,3 11,0 125 13,6 15,4
8 300 7,30 T8 8,25 8,98 o6t 10,2 11,1 11,6 13,4 14,6 18,5
| B OO 7.45 8,39 B,&E 8,56 10,3 10,8 1.5 127 14,4 15,7 7,7
10000 838 8,57 9,48 10,3 11,0 11,7 127 13,6 15,4 18,7 18,9
12 500 8.7 5,58 10,1 11,0 11,8 12,5 15,6 14,5 16,4 17.8 202
16 a0 B.ES 10,3 105 11,8 127 13,4 14,6 187 i7.7 123 248
20 000 19,3 11,0 11,7 127 135 14,4 15,7 18,7 ) 20,6 23
25 00 110 11,8 125 136 14,5 15,4 18,7 17,8 202 @20 248
2 000 11,8 17,7 13,4 14,8 15,7 16,5 180 10,3 a1k 23,7 26,8
| #0000 27 146 14,4 18,7 16,7 17,7 18,3 0,8 3,3 5,4 28,7
50 000 138 14,5 15,4 16,7 i7.8 18,8 b= - B #4.4 271 306
| #3000 148 15,5 18,5 115 18,2 ma 221 s M7 = az g
0 0pd 15,7 16,7 17,7 18,3 208 21,4 =T 254 207 a2 a5.3
| 100 DK 16,7 17,8 18,8 208 220 233 25,4 2T 05 33,4 any
| 200 DO 20,8 20 233 25,4 27 28,7 1.2 33,4 arT 41,1 4d,4




Basic rating life calculation chart

Ball bearings Roller bearings
o Lig L1oh n C/P Lyg Lack
r/min millions operating r/min milllons operating
of revol.  hours ofrevol.  hours
1010 e B
50 5 500 50 500
100 2 1000 100 3 1000
=10 0
=50 50
cE00 00
500 5000 500 5000
- -
1000 200 10000 1000 50 10000
0-F1000 £1000
: 20000 10
5000 : 5000
0000 & = 0000
5000 50000 5000 50000
10000 4060000 100000 10000 20000 E400000
100000
20000 200000 20000 40-F-200000 £ 250000
30000 300000 30000 300000

Exampha:

1. i= requirea 1o Sataimime the size of & deep groove ball bearing singla row, eansidaning ihe following condhions:

+ Basic raling fife Lygn, = 25 000 opesating

- Rolalional speed n = 1 000 vmin

- Lead i bearing Fy = 5 kN

Thea chard shows thal GF = 11,50 = 118 P
characianstica: 5 = 81 8k 0 = 7 000 o'min.

Lt

=MExs=

58 kN, fn 1he cellogws on page 133, you can salect the bearing B0 typa with the faliowing

2 What s the basic reling fife of the bearing NU 210 which is eperating under a radial load of 7,7 kN &2 & rtational speed i = 780 rimin 7

Sep page 236 in He catalogue end you will find far
bearing operaled at a rolalional speed of 750 i and C/P,

22

iha Bearing, NU 210E type, the

foliowing volues; Cr = 63,7 kN, n = B 00D K. Frem the chan, Ter a
= B3.7T.7 = 3,3, a basle seling Ifa Lygy = 28 007 oparating hours is detemined.




Recommended basic rating lives for general purpose machines

Table 24
Application Recommendsd basic rating e
L 10h {oparating hours)
Household machines, technical apparata for medical use, instrumants, agricultural machines: 300,,.3 000
Mechines used for shor pariads or intemmisieniy: eleciric hand 1ools, cranes, lifting iackiss inworkshops, buikding
machinas: 3 D008 20D
Mezhines used Intermittenthy of for ahan parksds wih high eparational reliasility: BRa, small cranes: B 000,12 000
Machines for uss 8 hows/day bul not abways of full capacity: machines lor ganemal purposes. alectic mobars lar
industdial usa, mbary crueshas, gear diives for geneml purposes: 10 000,25 0o
Machines operaling 8 hoursigay of full capacity: maching iools, woodworking machines, langs cranes, priring
squipmenl, venatilaian, separaions, centrfuges 20 000,20 000
Washinas far continuous use 24 hours/day: Bolling mill gear units, medium sized eleciicsl mashinery, Sompras-
o, pumps, lextile machines, mine holsts: 40.000,..50 000
Hydraulic machines, mbary furnaces, eapsians, propuision mashinery for sea vessels [propsilen lor sea vessels): 50 000,10 0000
| Machines for continuous use 24 hours/day with high refabliity: large electric machinesy, mine pumps and mine
wvenllalers, power station plants, mechines fof cellulass indusly, pumping units: 100 004,..
A

e

The basic rating |ife of road and rail vehicle bearings, for
wheel - axle bearings, is expressed as a function of the
wheel diameter and covered distance (krm}, using the equa-
tion:

1 000 =D
Lig= ﬁLm, respactively: L,y = TE]EL‘“
where:
Lig - basic rating life, millions of revolutions
Lios - gervice life distance, millions of kilometers
D - wheal dlameter, m

Approximate values for the service life distance
[kilometars covered), in case of light loaded cars and rail
vehiclas ara given in table 2.5.

Values for basic rating Ife Ligs

Table 25
" Type ot vehiole Lrowe® )
B km
Wiial hub bearings for road vehicles
- light lcaded cars 0.3
~Arucka, buses 08
Axlaox baarngs for rall vehicles:
goods wagens [acoonding o LIC) o5
suburban vekicles frams 1.5
lang distance passenger cariages 3
molodailers 54
Dinsal and elechsic locs 3.4 F

In case of bearings which do not rotate but oscillate from
a central position through an angle, as shown in fig. 1, basic
rating lite can be determined as follows:

180
Lytiose = "E_';'Lm
where;
URrRE

Gomplete oscilation = 4y from point O to point 4

Fig. 1

Ligaae - basic rating life, millions of oycles
¥ - gscillation amplitude (angle of maximum
deviation from center position), degrees.
If the amplitude of cscillation is vary small, It can be
ignored for basic rating life determination.

Fluctuating dynamic load and
speeds

In many cases, in operation speed and magnitude of
load fluctuate. Therefore, a mean dynamic Ioad is to be
calculated.

The lnad acting on the bearing can vary as shown in flg.
2-a and 2-b.

I this case, the mean load can be determined using the
equation:
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To— !

FITIIJ!!

F
I
4]
~Fig. 2
1?'F" n, + F¥n, + ... + FPn
Fm- 1 1 E: A''A
whare;

= - constant mean |dad, kM

FiFa..F, - constant load durlng ns, fz,..0a revolu-
tions, kN

n - total number of revolutions (n=ny+
+na+..) during which loads Fy, Fa, .. act

p -axponent-3 - for ball bearings,

-1073 - fer roller bearings.

If the bearing speed s constant and the magnitude of
the load is between the minimum valus F_; and a maxi-
mum value F..,. 88 shown |n fig. 3 a and b, the mean load
can be obtained from:

th+ 2F,
m=='———-1§-EE£JHN

it the external radial load consists of a load F, which is
constant in magnitude and direction and a load F, which
Iz variabla in direction and constant in magnitude (F, and
F; acting in the same plane) as shown in fig.4, the mean

24




i 0,95

080 -

085 i

080 + . | _

UFE,_—ii ';‘.__. b

070 ~ LT = I

0 02 04 06 08 10
‘ —=FiflF +F2)
Fig. 5 Fig. T

laad can be determined using the equation: F.= Fp.

Fry = f, (Fy + Fa), kN
For combined loads, with radial load F and axial load Fy
Values for the factor f,,, can be abtained from fig.5. constant in direction and magnituda, the equivalent
In case of sinuscidal movement as it is shown Infig. 8,  dynamic load can be calculated using the equation
the mean load can be obtained fram:
P. = XF, + Y Fy kN

<] 4
Fmn= ¥ _— Fra kN In case of combined Ioads, with radial and axial loads
3 changing in time, ratio F/F, being constant, the aquivalant
E = 0,75 oy, kN, for ball bearings dynamic load can be calculated by:
F, = 0,77 Frpae kM, for roller bearings
max g P =XFm* Y Fams
E

where:
P - eguivalant mean dynarmic load, kN,
Fem - radial mean load, kN,
Fam - axial mean load, kM,
Yy - factors of radial and axial load.

In case the direction and magnitude of the load change
in time and speeds fluctuate in tims, the equivalent mean
dynamic load will be calculated using the equation:

-VFEn, + PEny + ... + FR0,

where:
T | Fe - equivalent mean dynamlc load, kN
a P, - equivalent dynamic load for ny revolu-
Fig. B tions, ki
Fa - equivalent dynamic load for na revolu-
In case of oscillating movements with oscillating angle ¥, tions, kN
as shawn in fig. 7, equivalent mean load can be calculated P, - equivalent dynamic load for na revolu-
with the equation: tions, kN
n, - number of revolutions for load Py
p fl - number of revolutions for load Pg
Fro= V % F. kN nﬁ - number of revalutions for load Py
n - number of revalutions (n = ny +

+nz +...+0n}
-exponent: -3 - for ball bearings,
-10/3 - for roller bearings

If the fluctuating load acts In a pure radial direction for
radial bearings and in & pure axial direction for thrust P
bearings, the equivalent dynamic bearing load will be:

URB 25




Basic dynamic load of a bearing
group

In case of ball and roller hearings especially, a bearing
group of the same type mounted close together | required,
so that heavy radial loads can be carried.

In order to take over the load uniformly these bearings
should be mounted in erder to equal the diameter devia-
tions to the radial clearancas,

Thesze deviations must be kept below 1/2 of the admitted
tolerance class.

Basic dynamic load for & bearing group as a function of
the basic load of the single bearing can be calculated using
the equation;

Cy=Ci",

whera:

Cy - basic dynamic Ioad of the baaring group,
kM,

c, - basic dynamic load of the single bearing,

selected from the tables,
I - number of bearings of the same type,
mounted close together,
f - exponent depending on the bearing type:
0,7 - for ball bearings
719 - for roller bearings

Values of i" are given in table 2.6.

Values for I”
Table 26
7 | o7 70
a 1,82 1,74
2 218 5'a5 I
| P 584 2,54 )
3 : ;

Tha equivalent dynamic load for each group of bearings
is caloulated considering the specifications in the introduc-
tory text preceding the respective group.

Adjusted rating life

Bacle rating life Ly, is often satisfactory for bearing
performances. This life means a reliability of 90% for
material and a modern and usual manufacturing technal-
ogy, as well as for conventional operating conditions.

For a reliability over 90% (100-n)%,. IS0 recommeands
steels elaborated in better conditions, high lavel manufac-
turing technelogies and specific operating canditions. In
this case, adjusted rating lite can be calculated as follows;

lng =8, 8385 Ligor

E:"] A
s =8 25 3 g
where;
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by - adjusted rating life, milliens of revalutions
a4 - life adjustment factor considering
rediability
- life adjustment factor considering the
material and manufacturing conditions
= - life adjustment factor considering the
oparating conditions,

In caze of life adjustrnent factors a,, a,, a; greater than
1, when caleulating adjusted rating life, prudence and
familiarity with bearing manufacturing and aperating con-
ditions, including shaft bending and housing stiffness are
recomrmended.

Life adjustment factor a4 for reliability

Tha bearing failure cavsed by fatigue is subjected to
cartain statistic lews. Therefore, this faot 1 recommended
to be considerad when calculating the bearing life.

Values of the life adjustment factor &, for reliabilities aver
than 90% are given in fable 2.7.

Values for factor ay

Table 2.7

Reliabiiity, % Léa a -y
-] Liga 1

oS Lsa 052

& Edx 053

BT L .44

£ Loa .33

59 i 1a 821

L

Life adjustment factor az for mater|al

Life adjustment factor a. takes into account the proper-
time of the material, heat treatment of tha steal and
manufacturing technologies, For URE bearings, a;,=1is
meommendad,

Life adjustment factor azy for operating conditions

The |ongest life of a bearing can be reached In case of
hydrodynamic lubrication, namely where there is no direct
contact between rolling elements and raceway due to the
lubricant film, In this field, many studies have been done
by world leading bearing manufacturing companies. Theze
studies showed that there is relationship between life ad-
justment factor a, for matarial and life adjustment factor a,
for operating conditions, Preferably these factors should be
unified, obtaining factor a... In this case, adjusted rating
life would be:

La=8;855L or L, =2, a5 Lyg,

The values of a., cusfficient depend on the lubricant
uzed for bearing lubrication, namely on the ratie of the oil
viscosity at +40°C, v (initial value) to the viscozity required
for adequate lubrication at the operating temperature v,
The values are given in table 2.8.
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The values of viscosity ¥, as a function of the mean
bearing diameter and operating speed are given in the
diagram fig. B.

Kinematic viscosity v at the temperature of +40°C can
be determined from the diagram fig. 9 in accordance with
IS0, if the bearing operating temparature is known,

In case of greasse lubrication, caloulation should be done
considering the basic ol viscosity and the value of the life
adjustmeant factor ., will be smallar than 1.

Example of ol Knematic viscesty calculation for bearing lubncation:

The beanng §212 cperales al & spead of 3500 imin and o termperature of
+TO L.

Wamr dimmelsr will ba:

05 [d+0y = 0,560 + 110} = BSmm.

In case of bearing operating at temparatures higher than
+150°C, an adjustment factor f, for temperature should be
added {o the lifa adjustmaent factor a... Adjusted rating life
will be:

Lng = 8y 83f Lyg of Loy =28, 855 % Lign

Values for the life adjustrment factor f, for temperature are
aiven in tabla 2.9

Values for operating temperature factar

Table 2.5
- T,
Cperating temparaturs, 15 150 200 350 300
h 1 073 042 022 )
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Static load

When the bearing is stationary or rotates at slow move-
ments or very low speeds (lower than 10 r/min), basic static
load is not determined by the material fatigue but by
permanent deformation caused at the rolling ele-
mentraceway contact.

it is also the case of rotating bearings when they have to
sustain heavy shock loads which act during a fraction of
their revolution.

Generally, the value of the load may increase up to the
value of the basic static load G, without altering the bea-
ring operating properties.

Equivalent static load

Combined static load (radial and axial load acting simul-
taneously on bearing) must be converted into an equivalent
static bearing Ioad. Thig is defined as the load (radial for
radial bearings and axial for thrust bearings) which if ap-
plied, would cause the sama permaneant deformation in the
bearing as the real load operating upan t.

28

Equivalent stalic load is obtained frorn the general equa-
tion:

Py = Xg F, + Y Fa kN,

whera:

Py - equivalent static baaring load, kM,

F. - radial component of the heaviest static
load, kN,

Fa - axjal campanent of the heaviest static
load, KM,

X - radial load factor of the bearing,

Ya - axial load factor of the bearing.

Data needed to calculate equivalent static Inad can be

found in text and in bearing tables,




Requisite basic static load rating

When determining bearing size on the basis of the static
load, a static safety factor 5, 13 used.

The requisite basic static load Is ealculated using the
equation:

Cor = 80 Fyr KN,

where

Co - basic static load rating, kN,
- - gtatic safaty factor, table 2.11,
Par - qulivalent static load, kM.

At high termperatures, life of the material decreases and
the static load carrying capacity of bearings Is reduced.

For high temperatures, basic static load is calculated
using the equation;

Enr= imsgpmth

The values of factor {,, depending on temperature is
given in table 2.10

Values for temperature factor 1
Tabls 2.10

perating temparature, £°C 180 200 260 800 ™

—

1 085 0485 075

\

Non-rotating bearings

In case of non-rotating bearings, the values of static
satety factor s, for certain applications are given in table
2.11. These values are alzo valid for bearings with oscillat-
ing movermnents.

Values for statlc safety factor s
Table 17

""‘;.ppn:uﬂnrl oy

Varahle plieh propeiar for alrcref 0,5

Gabea for barrages, Gams, Shaces 1

Ciparirig Baidges 1.5

Crara hooks (o

- large cranes without addiional loads 148

- srraall cranes with ndditional dyriamis losss 18

Rotating bearings

In case of fluctuating or oscillating loads and especially
when heavy shock loads are atting during a fraction of
revolution, it is necessary to check if the bearing has the
proper static load carrying capacity.

Heavy shock loads higher than the basic static bearing
load produce permanent deformations not uniformily dis-
tributed on raceway, which influence negatively upon bear-
ing running.

Generally, heavy shock loads cannot be exactly calcu-
lated and in certain cases they produce deformations of
bearing housing and consequently an unfavorable load

distribution in bearing.

When a bearing rotates under maximum |oad, raceway
becomes uniformly deformed on all its outer surface with-
out any imprint.

For various operating canditions, maximum load acting
upon the bearing is calculated with static safety facter sq.
depending on the vibrations and shock loads.

The values of static safety factor are given In table 2,12,

Values for static safety factor s
Table 212
."i‘n:- ol aparstion Requiremants regarding quiel running ks
I Unimportant  Hormal High
Ball Rafer  Hall Fclier  Ball Fioliar
bearings baarings bearings
Smosth, vibrationdres 08 1 1 15 2 a
Nermal 0,6 1 1 1,6 2 a8
=15 =28 =15 =23  >2 =d

Heavy shock loads
L

-y

For bearings with a known equivalent static load, static
safaty factor g is necessary to be checked using the
equatian;

Gﬂr
El:' = F_ﬂ.r
if the value of s, is less than that recommended in table

2,12, then a bearing with a higher basic static load carrying
capacity should be selected.

Basic static load for a group of
bearings
Where more bearings of the same type are mounted

close togetherto take over a static load, the load magnitude
supported by these bearings will be calculated from:

% = Gm' II

where:

Coni - basic statfc load of the bearing group,

G - hasic static load of the single bearing
{fram tables),

i - number of bearings.




