3. Friction in bearings

Friction in rolling bearings is considerably lower than in
sliding bearings. Power lost through friction in bearing is
generally nagligible, in various bearing joints and mecha-
nisms. f a cantaln frictional moment is required in some
applications, the coefficlant of friction for the bearing
should be known,

It depends on many factors such as: bearing design,
speed, direction and magnitudes of load, finishing quality
of active surfaces, operating termperature, lubricant, bear-
ing material ete.

The frictional moment can be calculated accurately
enough using the following equation:

M= 0.5« Pd -for radial bearings

M = 0,51 P Dy, - for thrust bearings

whara:

L - frictional memenrnt, N mm,

it - coafficient of friction, table 3.1

=] - bearing load, N,

d - bearing bore diameter, mm,

D -thrust bearing mean diameter0,5{d + D), mm

The values of the friction coefficient s for various bear-
ing typas are given in table 3.1,

The frictional moment can be more accurately deter-
rmined with the equation:

M= Mg + My,
where;
Mg - frictional moment which is independaent of the

bearing load and depends on the hydrody-
narmie friction

M, - resistance mament depending on the bearing
load and the size of the elastic contact sur-
faces

Mg can be calculated from:

My = Tofry 32 03, 1077, for n > 2 000,

Mg = 165 D2, 1075, forn = 2000,
where:
Ma - frictional moment which is Independent of the

Bearing load, M mm
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fo -factor which depends on the bearing type and
lubricant, table 3.1,

n - rotational speed, rfmin,

Py - kinematic viscosity of lubricant at operating

temperature, mm</s, In case of grease |u-
brication, calculation should be done con-
sidering the basie ail viscosity,

O - bearing mean diameter, mm.

M; can be calculated using the equation:

M1 = 11 F1. Dm

where;

M, - load - dependent resistance moment, N mm,

ty -factor which depends on the bearing type and
load, table 3.1,

Py - bearing combined load, determined using the
equation inthe table 3.1, M,

Om - bearing mean dismeter = 0,5 {d + D), mm,

Frictional moment for cylindrical
roller bearings which also have to
suppﬂrt axial loads

In case of these bearings, the total frictional moment is
obtained by adding the frictional moment which depends
on the magnitude of the axial load F;

M= My + M; + Ma

The frictional moment Mz can be calculated from:

ME = fg Fﬂ_ I}m. N mm

where;
[ - axial frictional moment, N mm,
iz - factor depending on bearing design and lu-

brication, table 3.2,
Fa - axial load, N,
O - bearing mean diameter = 0.5 {d + D), mm.




The values of the friction coefficlant i for various bearing types and factors 1p and 14

Table 3.1
—
Bearlng type Friction Factor ig Factors for caloulating Mq
costficient x Lubrication
grease’! oil ofl oil bath B
spot bath with vertle. Iy Py
shait, ol p=
N
single row ors2 4 2 a i 0ol
Deep groove ball 2,000 - 0,0020 (8-8) %187 (PonGoel 3Fa-01Fr
haarings dioubile row 3 2 4 B
Seif-aligning ball oooig-000 1529 0718 1528 e ax107? Forcon™® 14 Vo Fa0 Fr
baarings
single row 2 1,7 aa a8 102 PoCan ™ Fa-0aF
Angular omtest 0,0012 - 0,0025 = :
ball bearings double row 4 3,4 8.5 13 107 Porogn ™ 14 Fg- 0,05,
Four-point 0,0025.-0,0048 B 2 B 8 107 PoeCed ™™ 15Fa + 38R
comtact bearings A
with cage 00010-00025 081 1528 224 22499 pawo Fe ™
Cylindrical roller
bearings withoul cage  0,0020-0,0040 10 510 55%10°* F
| with cage 00020 - 0,0035 42 B 12 24 10 Fr
| Hesdio roller
bearings withoiut cage  0,0035-0,0055 24 12 24 = 1o Fy
| Spherical roller 0,0020-0,0025 357 17535 357 0 T-14 (1,58 x10™ 1,3 Yo Fg, FyBa <. Yo
bearings Frl1+0,3 (V2 Fa/Frl ),
g I FiFg  Yg
T singlo row 0.0017-0,0020 & 3 8 e1cf¥  4xi0 2YFa
apered ro
| bearinga paired 0,0030-0,0040 12 B 12 182099 gxi0 1.2¥aFa
ball 0,0010-0,0028 55 0g 15 a ax107? Faood 2 Fy
| Thrust bearings
raller 0,0050-0,0070 @ A as 7 1,5%1070 Fa
|
| Headie roller thrunst bearings 0,0050-00075 14 = [ 11 1,5:-:1::‘3‘ Fo
! Spharical roller 0,0020 - 0,0030 - 255 5-10 [z.a-n]mn"’ Fa, Firmas = 055 Fa
| thrust bearings J
1) Thevalues mpply fo normal operaling conditions. In case of Syrnbols
bearing miubrieatlen, they apgly after 2.4 aperaling hours. Pi = Ecuivatant sistic oad,

2; The lew values apply to small series bearings, the high

walues 1o large sares beasings.

3 The valuss & valld for cd je lubpealion. For oll bath

lubricalion and a werlical shaft, the value should be dowbiad,
4| The valuas for low speads Up b 20% of the speed values
ghven 7 ihe calalogue, Al Higher spesds ey should be doubled.
5| FPy < Fp, then Py = Fy
6| For bearings which are also axally loaded, specifieations
for fo, on page 30, sheuld be considaned.

Co = Basie sialie load

Fr = Radial campanert of dynamic bearing |oad,

¥, e = axial load lasiors

Fa = Auial componant of dynaméc bearing load

- 0,25 = for double raw cylindrical roller bearings, with-

design
Values for factor {2
Table 3.2 aut cage

/" Benring type Lubrication - )
| il grease

Bearimgs wilh
| o002 0003 bearings
[ - oiher bearings 0,008 0,008

Bearings wilhoul cage

- Eafhgle row 0,00 0,008

\ = dhonsbée row 0,008 LeLER k] A

The values of factor fa in the table 3.2 are valid only if the

walue of ratio F,/F; doesn't exceed:

« 0,5 = for single row cylindrical roller, E design

Frictional moment for sealed

In case of sealed bearings, the seal washers produce
additional fristions which usually exceed those arising from
the bearing.

The frictional moment Ms for a bearing which is sealed

on both sides can be caleulated using the following equa-

tion;

- 0,4 = for bearings with cage and without cage, normal
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e g Starting torque

The starting torque of & rolling bearing is defined as the

where: bearing resistanca moment which must be overcoma so
that the bearing should start rotating from the stationary
M5 - Frictional moment caused by seals, N mm, condition.
d - Bearing bore diameter, mm Generally, the value of the starting torque is ap-
B - Baaring oulside dlameter, mm proximately twice the load dependent moment M,.
fa, f4 - Factors, table 3.3 For tapered roller bearings with a large contact angle
{series 313, 3228 and 3238}, the starting torque can be four
Values for factors fy and fa times higher and for sphericel roller thrust bearings up o
Tabie 3.2 aight times higher.
= RTIE
] 4
Desp groove ball bearings 2RSH, 2RS 20 0
Salf-aligning ball bearings 2R5 ;0 15
Single row ceap groove ball bearings with
sximndad innes ing LG, UE. US ske.) = 20
Earings for waler pumps 20 25
Sealed cylindrical raller bearings wihout cags 10 80
Ly o
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