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B, Load rating and life

6.1 Bearing life

Fwen in bearings operating under normal conditions. the swifaces of the raceway and rolling
elements are constantly being subjected to repeated compressive stresses which causes
flaking of these =wfaces to occuwr. This flaking is dug to material fatigue and will eventually
cause the bearings to fail. The effeciive life ofa bearing is usually defined in terms of the
toftal number of revolunons a bearing can wdergo before flaking of either the raceway
swface or the rolling element swfaces occurs.

Other causes of bearing failuwe are often atbibuted to problems such as seizing. abrasions.
cracling. chipping. gnawing, rust ete. However, these so called "causes” of bearing failuwe
are usually themselves caused by improperinstallation. insufficient or improper lubrica tion,
faulty sealing orinaccuwate bearing selection. Siace the above mentioned "cawses" of bearing
failure can be awoided by taking the proper precautions and are not =simply caused by
material fatigue. they are considered =eparately from the flaking aspect.

6.2 Basic rated life and basic dynamic load rating

A growp of seemingly identical bearings when subjected to identical load and operating
conditions will exhibit a wide diver=ity in thew dwability. This " life " disparity can be
accounted for by the difference in the fatigue of the bearing material itselt. This disparity is
considered statistecally when calcdating bearing life, and the basic rated life is defined as
followws.

The basic rated life 1z based on a 90% statistical model which is expres=ed a= the total
number of revolutions 90% of the beanngs w1 an identical group of beanngs subjected two
identical operatng condifions will aftan or swpass before flakung dus to material fatigue
occws. For beanngs operating at fized constant speeds, the basic rated life (90% reliability)
iz expressed i the total number of hows of operation.

The basic dynamic load ratilg is an expression of the load capacity of a bearing based on a
constant load which the bearing can sustain for one million revelutions (the basic life rating’.
For radial bearings this rating applies to pure radial loads, and for twustbearings it refers to
pure axal loads The basic dyvnamic lead ratings given in the bearing tables of this catalog
are for bearings constructed of Niko standard  bearing matenals, wsilg  standard
manufactwing  techniques. Fleaze consult miko Eagineering for basic load ratongs of
bearings constructed of special materials or using =pecial manufacturing techniques.

The relationship between the ba=ic rated life. the basic dynamic load rating and the bearing
load is givenin formula (6.1

LJO=I%JP -------------- Formula (6.1
where,
P=10/3 - For needle roller bearing=

Lo : Basic rating life 10% revolutions
C ¢ Basic dynamic rating load. ™
(Cr radial bearings, Ce thrust beanngs)
P: Equivalent dynamic load N
(P-: radial bearings. Pa tlrust bearings!
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The basic rating life can al=o be expressed in terms of hows of Roller bearings
operation (revolution), and is calcdated as shown in formula (6.2 1 " f Litia a
B e e

Liw=600 fn® ... .. Formula (62) aome ]
i

o c ) o
fn =1tn P Formula (6.3) —
3

n =E$JUD............. Formula (6.4) ram
Toaon e

where, -
Lo - Basicrating life, h =1,
fin ¢+ Life factor e o

fn @ Speed factor
n  Rotational speed. r/min

Formula (6.2 can also be expressed as shown in formula (6.5

4 . 4n g
Liop = % ( —JS'-JP Formula (6.5) ME 1
The relationship between Fotational speed n and speed factor :__:;M g e

fn a= well a= the relation between the basic rating lite L1My and
the life factor fnis shown in Fig. 6.1, When several bearings are
incorporated in machines or equpment as complete wnits all the bearings in the unit are
considered as a whole whencomputing bearing life (see formda 6.6). The total bearing hife of
the wnit 15 a life rating based on the wviable lifetime of the wutbefore even one of the
bearings fails due to rolling contact fatigue.

Fig 7.1 Bzaringlife rating scde

- Formula (6.6)

vivveev.For roller bearings
L =Total basicrating life or entire wut, h
L), Ly L.t Basic rating life or individual bearings, 1. 2. . n h

6.3 Machine applications and requi=ite life

When selecting a bearing. itis essential that the requisite life of the bearing be established w1
relation to the operating conditions. The requisite life of the bearing Is usually determined by
the type of machine i which the bearing will be wsed and dwaton of service and operational
reliability requurements. A general gude to these requ=ite lhife criteriais shovw in Table 6.1,

Then determimng bearing sice, the fangue life of the bearing 15 an tuportant factor: however,
besides bearing life. the strength and rigidity of the shaft and housing must also be taken wito
consideration
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6.4 Adjusted life rating factor

The basic beanng life rating ( 90% reliability factor) can be calculated tlwough the formula
mentioned earlier in Section 6.2 However in some applicatons a bearing lite factor of over
AN% reliability may be required. To meet these requirements bearing life can be lengthened
by the use of spedally improved bearing materials or special construction tecluuques

Moreover, according to elastohydrodynamic lubrication theory. it is clear that the bearing
operating conditons (lubrication temperature, speed. etc. ) all exert an effect on bearing life.

... Formda (68.7)

Lea=a-ar-ai (CP)F...

where,

Lua® Adjusted life rating in millions of revolutions (1N9i(adjusted for reliability. material and
operating conditions)

a; © Reliability adjustment factor

ar ¢ Matenal adjustment factor

a3 ¢ Operating condition adjustment factor

6.4 1 Life adjustment factor for reliability a
The walues for the reliability adjustment factor as (for a reliability factor lugher than 90%)
cain be foundin Table 6.1.

Takle &1 Relickility adustrment factor walues a

Redickility % L Redickility foctor a:
S0 Lu 1.00
25 Ls 0.&2
k-] L 0.52
77 Ls 0.44
k] L2 033
ks Li 0.z
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5.4 2 Life adjustment factor for material &
The life of a bearing is affected by the material type and quality as well as the manufacturing
process. In this regard, the life is adjusted by the use of an e factor.

The basic dvnamic load ratingslisted in the catalog are based on NikO's standard material
and process, therefore the adjustment factor a:=1 When special materials or processes are
used the adjustment factor can be larger than 1.

NikO bearings can generally be used up to 120 C | If bearings are operated ata higher
temperature, the bearing must be =specially heat treated (stabilized) =o that inadmi=z=ible
dimensional change does notoccw due to changes in the micro—structue. This special heat
treatment might cause the reduction of bearing life because of a hardnes=s change.

G.4.3 Life adjustment factor o for operating conditions

The operating conditions life adjustment factor & is used to adjust for such conditions as
lubrication. operating temperatuwe, and other operation factors swhich have an effect on
bearing life.

Generally spealing. when lubnicating conditions are satisfactory. the o factor has a value of
one: and when lubricating conditions are exceptionally favorable. and all other operating
conditions are normal, a3 can have a value greater than one.

Howewver. when lubricating conditions are particularly unfavorable and the oil film formation
on the contact swifaces of the raceway and rolling elements is insufficient the value of &
becomes less than one. This insufficient ol film formaton can be caused, for example, by the
lubricating oil wiscosity being foo low for the operating temperature (below 13 mm?/s for ball
bearing= below 20 mmé/s for roller bearingz! or by exceptionally low rotational speed
(ar/min = dp mm less than 10000 For bearngs used uwider special operating conditions,

please consult Miko BEagineering.

w10
An the operating temperature of the bearing increases. 5 og
the hardness of the bearing material decreases. This, g
the bearing life correspondingly decreases. The operating ‘ﬁ 0&
temperatuwe adjustment values are shownin g 6.2 54

=2
6.5 Life of beaning with osallating motion % 02
The life of a radial bearing with oscllating motion can be - |

caleulated accorduig to formuda (6.8). 00 150 200 250 300
Operofing termperoture ©

Ag &2 Life adustment vaue for
operating termperature

Lac=0IRot.......... Formula (6.8)

where,
Lae © life for ozcdllating bearing
LRz ' rating life at assuned number of rotations same as oscillaton cyveles

0 pscllaton factor (Fig B 3 indicates the relationship between half osallation angle § and
o),
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Fig 6.3 iz walid only when the amplitude exceeds a certain degree (critical angle 2 ¢ The
critical angle is determined by the witernal design of the beariag. in particular by the number
of rolling elements in one row. Critical angle walues are given in Table 5.3 When the
magnitude of the osallaton is less than the critical angle, the life may be shorter than that
calculated to be the walue in Fig 6.3 Itis safer to calculate life wwith the factor O corresponding
to the critical angle For the crifical angle of an individual bearing. please consult NikO
Engineering. Where the amplitude of the oscdlation 2 7 15 =mall. it 15 difhicult for a complete
lubricant film to form on the contact swfaces of the ring= and rolling elements. and fretting

corrosion may occu. Therefore 1t1s necessary [T T
n - - - EL

exelrcine extreme care in the selection of bearing e

type. lubrication and lubricant s pr

Table 4.3 Critical ange

Nurnioer of rdling elerments | Half crficol ange e H
10 10 5
Lo JER

25 4

40 24

(]
04
[E]

6.6 Life of bearing with linear motion

With alinear motion bearnng such as a linear ball
bearing or linear flat roller bearing, the relation
among the amal wavel distance. beanng load and 348 T w20 30 50 TH A0 200 300 300700 wddo

i f 2 degess
load rating is expressed by formulas (8.0) Fig. 63 Relafionship between halfande Fand factor

Mhen the rolling elements are rollers

C, L8 & 3
L=1MNE ':_P-T_J E] B Ag. &4 summarizes e relation between C-Prand L
1
wwhere, u
L : Load rating lzm ok 111 7
2 g : al @ing

Cr: Basic dynamic load rating  [kef] d, 1 LY

E &
Pr : Bearing load [Lgt] T L rober bearing

ja08l 2 24 & BID X
L% 10°%km
Fg &.4 Life ofbeaing with axid motion
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If the cycle and travel distance within a particular travel motion remain constant the rating
life of the bearing can be determined by formulas (6. 10 .

. i
L= %z $59% ... Formua (6.10)
Where,
Lk Travel life. h
5 ¢ Travel distance per minute m/min.
5=2Z.L-N

* Broke length. m

n  Stroke evele, M{kgf}

6.7 Basic static load rating

When statonary rolling bearings are subjected to static loads they suffer from partial
permanent deformation of the contact swiaces at the contact point between the rolling
elements and the raceway. The amowt of deformity increases as the load wicreases and if
this increase 1n load exceeds certawl limits, the subsequent smooth operation of the beanngs
i= impaired,

It has been found twough experience that a permanent deformity of 00001 tme= the
diameter of the rolling element. occwring at the most heavily stressed contact point between
the raceway and the rolling elements can be tolerated swithout ay impaiwment in & Wunilg
efficiency.

The basicrated static load refers to a fized static load limit at which a specified amount of
permanent deformation occws. It applies to pure radial loads for radial bearings and to pure
axial loads for fhwrwst bearings. The maximum applied load wvalues for contact stress ocewring
at the rolling element and raceway contact poiunts are given below.

For roller bearnags 4,000 klpa

A.8 Allowable static equvalentload

Generally the static equivalent load which can be permitted islimited by the basic static rated
load as stated i Section 6.7, Howewer, depending on requurements regarding friction and
smooth operation. these imits may be greater or lesser than the basic static rated load.

In the following formula 16.11) and Table 5.4 the safety factor Socan be determined considering
the mazimum static equivalent load.

S0=Co/Po...... Formula (5.11)

wwhere,
So © Safety factor
Co’ Basic static rated load. W
(radial bearings Ceor. thrust bearings: Cea )
Pomer Maximum static equivalent load. &
(radial: Por max, thrust Coa marx)
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Table &4 Minirmum safety factor values So

Roller
Operaing condfions 2
beaings
Hioh rototionol oiccuroicy dermono 30
Mool rotorfing oo curo v dermond 15

(Universol opplicotion)

Sight rotofionol oo urocy
ceterioration perritted (Low 1.0
goeec heowy loocing, etc )

MHaote 1 : For drovin-c uo needle raler beorings, min. Ssvdue=3.
2 When vilkrofion and/or shoc k loods ore present, o lood
foctor bosed on the sock lood reeds to be included

in the P rmoec value.

7. Bearing handling

Eearings are precizion parts and. i1 order to preserve their acowacy and reliability. care must
be exercised in their handling. In particular bearing cleanliness must be maintained. sharp
impacts avoided. and rust prevented.

7.1 Bearing storage
ko=t rolling bearings are coated with a rust preventative before being packed and shipped.
and they should be stored at room temperature with a relative humidity of less than 6M%.

7.2 Installation

When bearings are being installed on shafts or in

housings, the bearing rings shoudd never be struck =
directly with a hammer or a drift as shown in Fig 8. 1. {'Z.-f*
because damage to the bearing mav result Any force

applied to the bearing should always be evenly
distributed over the entire bearing nng face. f’==|‘

7.2.1 Installation preparations

Eearings shoud be fitted in a clean. div work area. Especially
for =small and miniatwe bearings. a "clean room" should be L ,

provided as any confamination particles in the bearing will =

greatly affect bearing efficiency. Eefore installation all fitting Fig 8.1

tools, shafts housings, and related parts should be cleaned and

any burs or cutting chips removed if necessary. Shaft and housing fitting swfaces should
alzo be checked for roughness, dmensional and design accuacy, and to enswre that they are
writhin allowwable tolerance limits.

Eearings shodd not be wrwrapped uwntil just prior to wistallation lTormally, beanngs to be
usedwith grease libricant can be installed as is without removing the rust preventative.
Howewer, for bearmgs which wmll uvse ol lubricant or 11 cases where mimng the grease and
rust preventative wwoudd resut in loss oflubrication efficiency. the ruet preventative should
be removed by washing with benzene or petwoleun solvent and dried before installation
Eearings shodd alzo be wwashed and diied before installation if the package has been
damaged or there are other chances that the bearings have been contaminated. Double
shielded bearings and sealed bearings, one way clutches sho dd never be washed
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