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it Load rating and life

7.1 Beariag life

Ewen i bearings operating under normal conditions the swiaces of the raceway and rolling
clements are constantly being =subjected to repeated compressive stresses which causes
flaling of these swiaces to ocow. Tlhis flalkdng is due to material fatigue and will eventually
cause the bearings to fail The effective life of a bearing is wsually defined in terms of the
total number of revolutions a bearing can undergo before flaking of etther the raceway
swiace or the oling element swiaces ocows.

Other causes ofbearing failluwe are often attributed to problems such as seizing. abrasions
cracking. chipping. gnawing. rust ete. However, these =o called "cawses" of bearing fallure
are wsually themselves caused by improper installaton wmsuficdent or tnproper lubrication,
fauty sealing or inaccwate bearing selection. ince the above mentioned "causes" of bearing
fallure can be avoided by talang the properprecautons.and are not simply caused by material
fatigue, they are considered separately from the flaling aspect

7.2 Basic rating life and basic dynamic load rating
A group of seemingly identical bearings when subjected to identical load and operating
conditions will exhibit a wide diversity in their durability.

Thi=s " life " disparity can be accounted for by the difference in the fatigue of the bearing
material itself. This disparity is considered statistically when calculating bearing life. and the
basic rating life is defined as follows.

The basic rating life i= bamed on a 9N% =tatistical model which is expressed as the total
nunber of revolutions 9M% of the bearingsin anidentical growp of bearings subjected to
identical operating conditions will attain or swpass before flaling dus to material fatigue
occwrs. For bearings operating at fized constant speeds, the basic rating life (90% reliability)
iz expressed in the total nuuber of houwrs of operation
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The basic dynamic load rating is an expression of the load capacity of a bearing based on a
constant load which the bearing can sustain for one million revolutions (the basic life ratng ).
For radial bearing=s this rating applies to pure radial loads. and for thrust bearings it refers to
pwe axial loads. The basic dynamicload ratngs given w the beanng tables of tus catalog
are for bearings constwwted of mMiko standard bearing materials. using standard
manufacturing techniques Fleasme consult NmikO engineering for basic load ratings of bearings
constructed of special materialsor using special manufactwing techniques.

The relationship between the basic rating life. the basic dyvnamic load rating and the bearing

load is given in formula (7. 1), BALL BEARINEGS

L1o = (§9F e (L) L
BO000— 4
where, am} s
P=3--- For ball bearings o
Lo : Basic rating life 106 revolutions EUTR
C . Basic dynamic rating load, » am £
(Cr: radial bearings) LU

P : Equivalent dvnamic load. n 10000

LT S

(Pr: radial bearings)

The basic rating life can also be expressed in terms of
hows=s of operation (revolution), and is calculated as shown
in formuda (7.2)

Lioh= 56007 (7.2
Fho=fug T30
- 14 -

fn = [ 515] F'::J-:'
where,

Ljp: Basic rating life, h

fr o Life factor

frn  Speed factor
n  Rotational speed. r/min

Formula (7.2) can also be expressed as shownin formula (7.5
Lioh = (£ F (T8

The relationship betweenrotational speed n and speed factor fn as well as the relation
between the basic rating life L1Mh and the life factor fnis shown in Fig. 7.1. "When several
bearings are incorporated in machines or equipment as complete wits, all the bearings in the
Wit are con=idered as a whole when computing bearing life (see formula 7.56). The total
bearing life of the wutis a life rating based on the viable lifetime of the wit before even one
of the bearings fails due to rolling contact fatigue.
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where,

e= 10V0 ... .Forball bearings

L = Total basic rating life or entire unit. »

L), L2 Lnt Basic rating life or individual bearings. 1. 2. . n h

When the load conditions vary atregular intervals the life can be given by formula (7.71
Lop= (S L7h (T

where,
i Frequency of individual load conditions
Lj : Life under individual conditions

7.3 Machine applications and requisite life

Mhen selecting a bearing. itis essential that the requisite life of the bearing be established
in relation to the operating conditions The requisite life of the bearing 15 usually determined
by the type of machine in which the bearing will be used and dwation of service and
operational reliability requrements When determining bearing =ize, the fatigue life of the
bearing i an important factor: however besides bearing life. the strength and rigidity of the
shaft and housing must also be talien into consideration.

T4 Adjusted life rating factor

The basic bearing life rating (9N% reliability factor) can be calculated tflwough the formulas
mentioned earlier in Section 7.2 Howewver in some applications a bearing fife factor of over
9N% reliability may be required. To meet these requir ements. beariig life can be lengthened
by the use of specially improved bearing materials or =special construction techniques.
Moreover. according to elastohydrodynamic lubrication theorv. itis clear that the bearing
operating conditions (lubrication. temperature, speed. etc ) all exert an effect on bearing life.
Al these adjustment factors are takeninto consideration when calculating bearing life, the
adjusted bearing life can be determined.

Lna= al.a2-& (GRF .. (7.8)
where.

Lna: Adjusted life ratng in millions of revolutions (109 Madjusted for reliability, material and
operating conditions)

al ¢ Reliability adjustment factor
a2 ¢ Material adjustment factor
@ ¢ Operatng conditon adjustment factor

7.4.1 Life adjustment factor for reliability a
The wvalues for the reliability adjustment factor ai (for a reliability factor higher than 80%)
can be found in Table 7.1

Table 7.1 Relidbility adjustrent factor vaues a)

Religbility o La Reliakility fos tor @
o0 Lu 1.00
25 Ls 0.&2
k-] Li 0.53
o7 ] 0.44
k] L: 033
99 Li 0.21
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7.4.2 Life adjustment factor for material a,
The life of a bearing is affected by the material type and quality as well as the manufactuwing
process In this regard. the life is adjusted by the use of an & factor.

The basic dynamic load ratngs listed in the catalog are based on Ni1kO's standard material
and process, therefore, the adjustnent factor @ =1. When special materials or processes ale
uzed the adjustment factor can be larger than 1.

MikO bearings can generally be used up to 120 C IEbearings are operated ata higher
temperatuwe, the bearing must be specially heat treated | stabilized ) so that inadmissible
dimensional change does not occw due to changes in the micro—siructure. This special heat
treatment might cause the reduction of bearing life because of a hardness change.

T.4.8 Life adjustment factor &; for operating conditions

The operating conditions lfe adjustment factor o 1= wsed to adjust for such conditions a=
lubrication. operating temperature. and other operation factors which have an effect on
bearing life.

Generally spealing, when lubricating conditions are satisfactory. the a; factor has a value of
one: and when lubricating conditions are exceptionally faworable and all other operating
conditions are normal. as can have a value greater than one.

However when lubricating conditions are particdarly wfavorable and the oil film formation
on the contact surfaces of the raceway and rolling elements is insufficient. the walue of &
becomes less than one. This Insufficient oil film formation can be caused. for example by the
lubricating oi viscosity being too low for the operating temperatuwe (belowl 3 mm=/s for ball
bearings or by exceptionally low rotational speed (u/min = dpmm less than 10,000 For
bearings used wder spedal operating conditions. please consult NIKD engineering.

A= the operating temperatue of the bearing iicreases, the hardness

of the bearing material decreases. Thus . the bearing life w 10
correspondingly decreases. The opera-ting temperatwe adjustment g o8
wvalues are shown w g, E
E 0.4
7.6 Basic static load rating £ 04
Then stationaly rolling bearings are subjected to static loads, they 2
suffer from partial permanent deformation of the contact swfaces g 0z
at the confactpointbetiween the rolling elements and the raceway. 5
The amount of deformity increases as the load increases. and if this 100 150 200 250 300
wmcrease i load exceeds certain hmits . the subseguent smooth Opetoting fermpeotue ©
operation of the bearing= i= impaired. Fig. 72 e adjustment value for

operaling lemperaiure
Ithas been found through experience that a permanent deformity of 10NN
fimes the diameter of the rolling element occwring at the mostheavily stressed contact
point between the raceway and the rolling elements. can be tolerated without any impairment
11 runing efficiency.

The basic ratilg staticload refers to a fized static load limit at wiuch a specified amount of
permanent deformation occws It applies to pure radial loads for radial bearings and to pue
axial loads for thrust bearings The mazimum applied load walues for contact stress occurring
at the rolling element and raceway contact points are given below.
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For ball bearings 4.200 kpa
(except Self-aligmng Eall Bearings)
For Self-aligning Eall Eearings 4600 klpa

7.6 Allowable static equivalent load

Generally the static equivalent load which can be permitied is limited by the basic static load
rating However. depending on requrements regarding friction and smooth operation. these
hmits may be greater or lesser than the basic static raing load In the following formua (3.9)
and Table 7.3 the safety factor 5o can be determined considering the mammum static
equivalent load.

So= CoPo....... (38

where,

So ¢ Safety factor

Co: Basic static rating load. ™ (radial bearings: Cer!
Pomer: Mlazmum static equivalent load, ™ (radial: Por mazx)

Table 7.3 Minirmom safety factor values o

Op=rating cond fions Ball Bearings
Higih rotationod oococuroc y dernond 2

M orrmal iototing oo curce y dermana

{Universol cpplic otion) 1

Slight ototional acc ooy detedorotion penmitted

Loy goeed heowvy boding et ) 0s

8 Eearing handling

Eearing storage
Most rolling bearings are coated with a rust preventative before being paclked and shipped.
and they should be stored at room temperature with a relative humidity of less than 50%.

a, Allowable speed

An bearing speed increases. the temperature of the bearing almo increases due to friction
heat generated in the bearing interior. If the temperatuwe continues to rise and exceeds
certain limits. the efficiency of the lubricant start to fail down drastically. and the bearing can
no longercontinue to operate in a stable manner. Therefore. the mazimun speed at which itis
possible for the bearing to contuiuously operate wwitho uf the genseration of excessive heat
bevond specified limits is called the allowable speed { rfmin ). The allowable speed of a
bearing depends on the type of bearing, bearing dimensions, type of cage. load. lubricating
conditions. and cooling conditions.

The allowwable =peeds listed in the bearing tablez for grease and oil lubrication are for
standard Niko bearings under normal operating conditions, correcfly installed. using the
sutable lubricants with adequate supply and proper maintenance. boreover, these values are
based on normal load conditions (F==0.08C Fa/Fr==0N.3). For ball bearings with contact seals
(LLU type). the allowable speed iz determined by the peripheral lip speed of the seal.
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