8. Bearing lubrication

Safe operating and long rating life of bearings depend
on the lubricant type and guality and on the lubrication
method. Bearing lubrication is used for certaln purposes,
such as:

- to reduce friction betwean rolling elements and
raceway, rolling eternants and cage, cape and guiding ribs
of rings during operation;

- to ensure anticorresive protection of bearings;

- to reduce noise in bearing within certain lim]ts;

- to distribute heat unifermly in contact areas and to
remgve it outside through lubricant circulation.

Lubricants for bearing lubrication should satisfy the fol-
lowing conditions:

- they should have physical and chernical stability;

-foreign mechanical substances (abrasive, metalllc sub-
stances etc.) are not admitted In lubricant;

- thay should have a minimal coefficient of friction;

- to be non-corrosive;

- good unctuesity (lubricating capacity).

There are two categories of lubricants used for bearlng
lubrication:

- fluid lubricants (olls);

- plastic lubricants (greases).

Table 8.1 shows comparfson between fluid and plastic
lubrlcants,

Aithough fluid lubricants have better charactaristics than

plastic lubricants, they cannot be usad in all cases hecauge )

of sealing difficulties.

Comparafive values for lubricants

Tabba 8.1
rf Characleristics Lubrioant H
Fluid Plastic :|
spend any valus lowr and mead|umm
frictian lowe [reducesd) high
unchuecsiy eHallant good
saryice lite lang shor
coaling effect high 1]
_ raplacemen BAzY difficuh ¥
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Selection of lubricants

Yhen selecting lubricants, much care {8 needad and all
operating conditions and lubricant properties should be
considered,

Mo lubrication system can be considered universal,

The most Impertant ¢riteria when selecting & lubricant
hayve to be as fallows:

- size of bearing

- speed

= load

- bearing cperating temperature

These characteristics act upon lubrlcant viscosity as
follows:

- the highar the bearing size, value of load and tempera-
ture, the higher the viscosity

- bearing speed acts by product D, n, as shown in table
B2

Corelation between D, n and lubricant typa

Table 5.2
"rl:ln n Lubricant type ki
ower up 1
- 160x16° Mineral oll and greass with
medium or high viscosity
1sex10” 30010  Mineral oil with medium isoostty
and greass
200x10”  500x16°  Mineral oll with lew viscosity and graase
so0x10%  1200x10°  Mineral oll with low visossity and
Y lubrizaling squipmerd .
Grease lubrication

Greasa can be used to |ubricate rolling bearings only
when product Dy, n < 500x10° and It offers the fellowing




advantages:

- it is more easily retained in the bearing;

- it assures anti-corrosive protection to bearing as It Is
water-registant;

- low expenses for sealing.

The grease quantity to be supplied shouldn't be exces-
sive, otherwise rotation is braked, friction increases and
also operating temperature without extending the bearing
rating fe.

The quantity of grease that is to be inserted In bearing
seating should be as follows, considering the free space
Inside the housing:

- 1/2...3/4 of the free space In the housing, in case of
normal speeds;

- 1/3 of tha free space In the housing, in case of high
speeds and speed limit;

- the whole housing space should be free, In case of low
speeds and product D, n < 10x10%

The quantity of grease can be calculated as a function of
bearing bore diameter using the equation:

G=Kd¥,g

where:

K = 1/800 - fer ball bearings

K = 1,350 - for roller bearings

d = bore diameter, mm

Relubrication intervals in most cases can be experimen-
tally determined and depend on:

- hearing type

- bearing size

- pperatling ternperature

- grease properties

Grease service llfe and relubricating interval can be
caleulated from:

143108
T = ku — 44 f1 fz.

nd

where!

Ty = service life or relubrlcating interval, in oparating
hours

kg = cosfficient depending on the bearing type, table 8.3

n = speed, r/min

d = bore diamster, mm

f, = temperature factor, table 8.4

iz = factor depending on the operating conditions, tabla
8.5

Values for coefficlent k;
Table 8.3
{ Bear z
I Bearing type Value o ko
Falubricadlon  Greess
irlmral sendce life
ERgular contact ball Beanngs
Tapared nolfer baarings 1 2
Thust ball beardngs
Cyfirditical roller bearings & 15
Hesdle rollor bearings
Dwap growwe ball baamings 10 20,40
L% it

Low values are valid for deep groove ball bearings with
shialds, 27 type, or with seals, 2RS type, series 60, 62 and
€3.

Values for factor f,

Takls 8.4
Temporatiife e gang 100G W
Factor 14 1 05 0,85 _/,-

Values for factor f;
Tabkls 8.5

Qperating Light Moderaie  Hard Very hasd
ocondiiona
Fadlarul f2 i a7.08 0407 01.04 o

Bearing relubrication interval can be also determined
using the chart - fig. 8.1, a8 a function of bearing type, bore
diametsr and speed,

Example:

A beprng 8208-2FSHA 1 operated under sduced load (7 |3 ret conaldered
for calculailan), Bl 2 spaed 0 = 1500 min, &t @ tempereiure of +EBdeg &,
light cparating candions, What |s the grease serdee life and ralubirizeilon
irfesval?

Grease sonvice e wil ba:

143107
Tu=hn[—qnd -dd]l1fz=&2£ﬁ3haum.

ke = 26 fram fekie 8.3
d = 40 mm

fy = 1, om iable 8.4
tz = 1, lrom {able 8.5

Ralubficatisan Inemal;

nd

Hg = 10, thom fable 8.3
I 12 = 1, from tables 8.4, BE

14
Ty = m[ 1|:|ﬁ - -Iid]H fz = 13 15¥ hours,

Fror the disgmm fig. 8.1, the value of the relubricatian inamnal will be of
13 500 pperaling hours,

The grease quantity to be supplled can ba determinad
using the equation;

G=KDB, g,

whera:
G = grease guantity, g
K = cosfficient depending on the relubrication |nterval,
table 8.6
D = bearing oulside diameter, mm
B = total bearing width for radlal bearings, mm and total
bearing height for thrust bearings, mm

Values for coefficlant K
Table 8.8
Relubrization Interval K
wankhy 0,0016,..0,0020
monthby 0,0020,..0,0030
yeary £,00e34, .0, DS
aftar 2.3 yaars 0,00456,..0,0085
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Flg. 8.1

Tha chart in fig. 8.1 applles o cperating temperatures
which do not exceed +70°C. For operating temparatures
over -+ 707G, see table 8.4

Grease service life can be dafined as the periad of time
when It preserves physical and mechanical characteristios
in time and oxidizing due to ternperature and vaporization
of basa oll doasn’t occur,

A more accurate calculation of grease service life, con-
sidering grease quality and bearlng operating conditions
{load, size, speed, temperature eic.) can be done using the
equation:

L = {pR=imy+mz+mz)

whara;

L = service life, operating hours

a = exponent depanding on the grease quality {a =
5.8...6,1)

My... My = exponents which take into account the follow-

B8

Ing factors:
my = 4,4x109D,, n,
ms = 2,5({P/C-0.05),
M = (0,021 - 1,80%107°°0,, n)T,
Oy, = hearing mean diameter, mm,
n = hbearing speeds, fmin,
P = equlvalent radial load, kN,
G = basic dynamic load, kN,
t = bearing operating temparature, °C

When calculating the values of t, Dy, n and F/C, the
following have to be considered:

- when bearing operating temperature |s lower than
+50°C, thent = +50°C

- when speed factor D, n < 125000, then Dy =
= 125 000

- whan ratio PfC < 0,05, then PG = 0,05

Grease service life, as a function of operating tempera-

:um can be approximately determined uging the diagram
ig. 8.2.
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Expmpla 1
A bearing B210 oparales under & [nad Fr = B kN, speed n = 3300 tfmin

Table B.F shows technical charactenstics of usual

greasa, which are recommended for lubrication of sealed

81 &N cpersling temperaiure T = B0°C. What |s the service lile of tha gresse ~ @nd shielded bearings, 2RS and 22 types and also for
used for bearing lubrcation? rolling bearings In varicus assemblles and machines.

Gr = 35,1 ki, tables an page 132, bearing 210
L = e {mitmz+mal o 1o 1-2.273 - 142827 - g 514 hours

A= 6,1, for Mobil gresss,

D = 653 000 = 185x10°
Pty = 6/36,1 = 0,143

mq = 443210 “Dpmn = 0,888

g = 2,6 (Pily — 0,05 = 0,23

fig = $0,081 = 1,80 Dy AJES = 1,118
m{ + ma + m3 = g&73

Example 2

Far tha sama baaing and oparsting sordilans a8 In Example 1, B
requited bo find the sanics (e of the same grease &b & Ismperailre of
T = 85°C.

mg3 = 1,86
My 4 mp 4 mg = 2,784

L= 1081 =278 - 4n3308 _ y 774 opemating hours
From ihe diagram fig. 8.2, we con find pppemudmately the same walue,

respecibvaly 6 00D cperating houns ab +65°C and 1 700 oparaling hours at
+85'C,




Technical characieristics for usual graases for bearing lubrication

Tablas B.T

_.."
Groase maln componants Drapping Temparsture range Application Graams typs, producer i
point °C {eantinuous
running)
Base oll Thickenat
Mineral oll Lilhiem saap 1701 B0 =30 +130°C Bedl, reller ard neadle reller bearings: = Mokilux, 2-3, Mabil Austra,
- arreall and medium slzed, - &astrol HBphero! SABE,
- FTRleharBLE SEEmE, Castrol Germany
- barrparatisas Up b 7000 - Bhedl Alanla A 2-3, Bhell
Englana
« fguila Nran, Brugarolas
Spmin
= LIM 188 LI 23, Lubrifin Bragoyr
Minaral oil + Lithium ssap 185°C-1807C —3'CL+150°C Ball and reller bearings, = Mobllux EP 2-3, Mo fusifa
addHive for - minderals spasds, - Bhall Atvanla EP 2-3, Shell
aucasahe = by loads, shock losds, England
pressure (EF) « gomiinuwous nenning | amparoiume =Beacan EF 2, Esso Qarmany
+1307C,
» indlind lubrication and reubricstion o
pericods of 88 manihe
Synithalls all LAkIur seap 180" G230 —30C.. +130%  Beadnge for alecirieal motors, gene- = Bomcon 928, Esso Samnany
[dlesieric) raleies, elaslranic aquipment,
= smpl glzes,
- light loads,
- High speeds Omxn 51000 & 107
Symthatiz all Lihium soag 180 C-230°0 =80°C,.. +120°C  Bearings for elecirical motees, gane- - Izaflex LDE 16 Speclal A
[dimabari) raboes, alectronic equlpment, Klubar Lubricellon Gesrany
- emall slzes,
- light Isads,
- high speeds Dmxn =100 « 10°
Mirarnd gl Complex calciem  100°C-180°0 =30rQ,.. +130°0 Bearings for genenal applicatians, - Baasan -3, E&bS Canmany
soap = heawy loads, mederabe speeds, = Boacon EP, Essa Garmanmy
- cantinueus rurning iempeeiune = UM 170 Ll Ga 23, Lukaifn
108°G Bragoy
Symthetic oil Withow soap, indelarminste  =30°C.-+230°C  Bearings for genaral applications, Barlaria 18, Klubsr
syrihatic thickeanar = |mrge slzes, Lubrcalion Garmany
- v spesds O n < 200 & 10°,
= high termparaiure
Byndhotic oil withoud soap, syn-  2BE°C 540, +177°0  Spherical mller hnest bearings, rollet -Mabilgreass D6, Mokl Austra
+ addilive Tar bl e Thiekanar thaust Beannge et beasngs aparnal-
BHCRES ing wilh kigh ficlion,
prassure (EF) - madermate and high speeds,
- |enw el hibghy e miperadunas
F Syministic ol without soap, 280G S0, + 177G Bearing far general applieatlans, = Armingras BT-2, Burgamies
imangane hlekamar - llghit Besacds, Spain
| = high speeds,
|: = low e high lempanalunes
| =30°C...+140°C  Cyfindrical rofler bearings, - Statbhurges MUB12, Kuber
= madambe and high speads Lubricabon Gemany
Dmaxn 5303 w1 |
G, + 2B0°C Fellar bearings opedating &l high = Mabltamg -2, Mokl Austrin
b FigEes Rl

Oil lubrication

Oil lubrication can be used in any cperating condition,
but this kind of lubrication is compulaary when the value of
the praduct Dmxn from table 8.2, namely O, n < 500107
is exceaded for grease and when high temperatures octur
in bearing. Then, ol has to lubricate and to remove heat
from bearing.

Cliz used for bearing |ubrication can ba:

- mineral oils, used up to a temperature of +160°C

- synthetic cils, used up to a temperature of + 22070

Far a proper |ubrication of bearngs, low guantities of
lubricants to reach the raliing elements are neaded,

80

The lubricating systems must provide oil quantity neces-
sary to prevent oll draining from bearing and heat removal

in case of high speeds.

b

Most usual oll lubricating systemns depending on factar

O, n are given in table 8.8,



Oil lubricating sysiems

Table 8.8
Lubricaling systam Dperziing condHions Frclor O al llI|z|]|:c-|alt'_.l Bl 40FC Ewample in fig,
3

Baih b filled up 1o the kowest ralling e lemend 3 A
Cil bath for harzomal shaft and 70-80% of bath widih < #5010 17,208 %10 8.3 ), b

far verlical shafi
il bath wilh Cantral tank, oll clreulstes under a pressure af v
auternel cireulathon 1,5 MPa, High speeds, < BOO X107 145...178] X 10 B

Ol ks Injected into the operaling arsa undar & pretssuns of 8
Qll Injecticn 0.1..0.5 MPa, wiih flow capaciy of 0,5.10 llmin depen= < Boi 103 {13,5..80] % 10 B.5

ding an iampealure. Heawy loads and high speads,

Cilin mir curment undg a pressum of (0.05..0.5/MPa, flow -
Qll spot capacity of (3,5..4) mhaur, 0.5 Am/hourfor small gnd < 1200% 10? [10...45) X 10 8.8

W mediuri-sized bassdings, heavy leads and high spoeds, .

Approximate values of oll kinemnatic viscosity at +40°C
depanding on the operating temperature are given in table
8.8,

Corelation betwean viscosity and temperature

Table 2.9
'H.ll
Tamparatiss °0 Wincondty
af 40°C, o3t
cyar Lp bes
- 1) 12..80
50 B a7 TE8
80 120 = 755
L 120 150 227 o

N

| B

Fig. 8.4
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Fig. 8.5
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I

| Diagram fig. 8.7 shows kinematlc viscosity classes at

| 40°C in accordance with 130, its variation depending on the
4 operating temperature (t °C} in relation to speed and bear-
ing mean diameter (D),
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Exampla

A bearing B204 b to operate vnder & Epsed f = 2003 f'min at &
smpaEimmt = 4650, 0 = 0,5 {d+ 00 = 355 mm.

Themm;-ummmrbauingmmhm

From the diagram, for Dy = 355 mm, wa can lind vecssity o + 857G,
vl =13 oB! and viscoally &l +40°0%, v = 32 8L

Table B.10 shows olls which are recommended by IS0
for baaring iuhrl-:ahm Values of kinematic viscosity at
+40°C, mm°/s are also given.

Recoammended olls by 150 standards

Table 8,10
o

Clmes 150 Hnnﬂnwy o +40°C, mm=rn (B

mann lener Fikgh
Isova 2 22 1,88 2,42
1\ova 3 a2 2,88 3,52
Bova 5 4,8 4,14 4,08
Bova 7 8.0 8,12 T8
IBOVE 10 10 g 11
BOVG 15 15 138 18,5
EOva -] 12,8 24,2
BOYE 3z 32 =288 52
BOVa 48 4d 41,4 80,8
IBOVE BB L | a2 T4 B
1B0Va 100 100 L] 11tk
iHova 159 150 136 168
1I50Ya o 220 188 243
15S0¥3 330 az20 a8g 42
150¥a 480 450 414 EOd
ISOVGE &80 BED g2 748
150V3 1030 1 0o B0 1100

L I50¥a 1800 1 800 1350 1880 .




