ROLLING ELEMENT BEARINGS

Antifriction Bearings



Single-row, deep-groove ball bearing

Ourside




Double-row, deep-groove ball bearing




Angular contact ball bearing




Cylindrical roller
bearing




Single- and double-row needle
bearings




Spherical roller bearing




Tapered roller bearing
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Loads on Bearing

..l...
| Force T /¥ +
(Thrust)

Axis of
Rotation

St
. . Radial
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Resultant
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T he resultant moment load (M) equation:

M= (=T) (5) +(x R) (5,)
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Comparison of Rolling bearing types

Rudual load Thrust load Misalignment

Bearing type capacity capacity capability
Single-row. deep-groove ball Good Fair Fair
Double-row, deep-groove ball Excellent Good Fair
Angular contact Good Excellent Paor
Cylindrical roller Excellent Poor Fair
Needle Excellent Poor Poor
Spherical roller Excellent Fair/good Excellent

Tapered roller excellent Excellent Poor

12



Hertzian contact stress
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Consider a solid sphere held in a Cup by a force F such
that their point of contact expands into a circular area
of radius -

azﬁia-HF
> - 1/3
where K = 3SA=—-w )/ E+(1-w)/E,
8 (1/d))+(1/d,)

Where,
F= Applied force
V1 & V2= Poisons ratios for the sphere and cup
E1l & E2 = Elastic Modulii for sphere and cup
D1 and D2= diamete i 1p

The maximum contact pres  , = L center

2
point of the contact area 2ma
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TYPES OF LOADING AND STRESS RATIO

The primary factors to consider when
specifying the type of loading to which a
machine part is subjected are the manner of
variation of the load and the resulting variation
of stress with time. Stress variations are
characteri 1, Maximum stress. 6

s

2. Minimum stress, 6,,,

3. Mean (average) stress, ©

i

4. Alternating stress, 6, (stress amplinide)
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The maximum and minimum stresses are
usually computed from known information by
stress analysis or finite-element methods, or
they are measured using experimental stress
analysi

It -
alterna p = I{r.r"m + 1rmm}f_'£

I,

T, = (0, = umm). 7
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Stress Ratio

The behavior of a material under varying
stresses is dependent on the manner of the

variation. One method used to characterize
the variatien 1« called ¢frocc ratin Twa tvnag of

stress ratio MINLMUM Stress 4

Stress ratio R = _ = =
maximum stress Oy,

; alternating stress @
Stressratin A = — - =
mean stress .,

id
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Stress,

Static Stress

Stress ratio R = 1.0

Time
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Repeated and Reversed Stress

Stress,
1l
A
|
3
o

Stress ratiof == 10
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Stress, ©

0

Fluctuating Stress
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Time
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Fluctuating Stress continued...
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Stress, o (ksi)

Endurance Strength
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Endurance strength vs. tensile strength for
wrought steel for various surface conditions

Tensile strength, §, (MPa)
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Rolling Bearing Failures



Fatigue failure
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Failures continued....

26



Failures continued....

Koller ena Lnipping

Uneven vvear iviarks Koller ena COolidpse
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Failures continued....

IIIIIII
....

Overheating Smeéring Abrasive Wear
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Failures continued....
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Comparison of bearing materials

Material
Silicon 52100 440C stainless M50
nitride steel steel steel
Room-temperature 748 62 60 64
hardness, HRC
Room-temperature 45 % 10" psi 30 % 10° psi 29 % 10" psi 28 X 10° psi
elastic modulus 310 GPa 207 GPa 200 GPa 193 GPa
Maximum operating 2200°F 360°F S00°F 600°F
temperature 1200°C 180°C 260°C 320°C
Density, kg/m’ 3200 7800 7800 7600
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LOAD/LIFE RELATIONSHIP

L2/L1 =(P1/P2)"k,
» Where k =3.00 for Ball Brgs.

> =3.33 fro roller brgs
Where

P1 & L1 =rated load and life
P2 & L2= Design load and life



Bearing Selection data for single row,

deep groove ball bearings
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Table continued....
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Rated Life and Basic dynamic load rating

* The rated life is the standard means of reporting
the results of many tests of bearings of a given
design. It represents the life that 90% of the
bearings would achieve successfully at a rated
load.

* It also represents the life that 10% of the bearings
would not achieve. The rated life is thus typically
referred to as the L10 /ife at the rated load.

* Now the basic dynamic load rating can be defined
as that load to which the bearings can be subjected
while achieving a rated life (LL10) of 1 million
revolutions (rev).



Problem: A catalog lists the basic dynamic load
rating for a ball bearing to be 8000 Ib for a
rated life of 1 million rev. What would be the
expected L. life of the bearing if it were
subjected to a load of 4000 Ib?

Solution:

P1 =8000 Ib, L1=106

P2 =4000 Ib, k=3

L2= 10”6 ( 8000/4000)"3 = 8x10"6 rev

This is interpreted as L10 life at Load of 4000 Ib
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Procedure for computing the required basic dynamic
load rating C for a given design load Ps and a given
design life Lq

We have already discussed”
L2/L1=(P1/P2)"K
L2=Ld=L1 (P1/P2)"K
Ld=(C/Pd)*"K (10"6)

If the reported load data in the manufacturer's
literature is for 1076 revolutions the above equation
can be written as
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The required C for a given design load and
life would be

C = P, (L,/10%Y"

Now, for a specified design life in hours, and a
known speed of rotation in rpm, the number of
design revolutions for the bearing would be

L,= (h)(rpm)(6U min/h)
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Recommended design life for bearings

Design life
Application Ly h
Domestic appliances 1000-200)
Aircraft engines 1000-400(
Automolive 1500-5000
Agricultural equipment 3000-6000
Elevators, industrial fans, multipurpose gearing 800015 000
Electric motors, industrial blowers, general industrial machines 20 000-30 000
Pumps and compressors 40 000-60 000

Critical equipment in continuous. 24-h operation 100 000-200 000
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The rated life of 1 miIIion rev would be achieved
by a shaft rotating”” rom for 500 h.

If the actual speed or desired life is different from
these two values, a speed factor fv and a life
factor f. can be determined from charts shown in
the next slide.

The factors account for the load/life relationship.

The required basic dynamic load rating, C, for a
bearing to carry a design load, P, would then be



Life and speed factors for ball and
roller bearings

(a) Ball bearings
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Problem: Compute the required basic dynamic load rating,
C for a ball bearing to carry a radial load of 700 Ib from a
shaft rotating at 500 rpm that is part of an assembly
conveyor in a manufacturing plant.

Solution:

From table, a design life of 30 000 h is desired

Then Lqis 3 .
L,= (h)(rpm}{60 min/h)

Ld = (30,000) (500) (60 min/h)=9x10"8 rev

C= Pd(Ld/1076)/k & i FLEY®
C =700( 9x1018)/1076) ~1/k
C=67431b
Also C=Pd ( fL/fN)
C= 700 ( 3.91/.41))= 6670 Ib
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Procedure for Selecting a Bearing
Radial Load Only

Step 1: Specify the design load on the bearing, usually
called equivalent load. The method of determining the
equivalent load when only a radial load, R, is applied
takes into account whether the inner or the outer race
rotates.

P=VR
where V = rotation factor

}’=1.0 if the inner race of the bearing rotates,
= 1.2 if the outer race rotates

42



Step 4: Specify the design life of the bearing, using
the following table

Design life
Application Ly h
Domestic appliances 1000-2000
Arrcralt engines 1000-4000
Automotive 1 500-5000
Agricultural equipment 3000-6000
Elevators, industrial fans, multipurpose gearing 8000-15 000
Electric motors, industrial blowers, general industrial machines 20 000-30 000
Pumps and compressors 40 000-60 000
Critical equipment in continuous, 24-h operation 100 000-200 000
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Step 5: Determine the speed factor and the life
factor if such tables are available for the selected
type of bearing.

(a) Ball bearings
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Step 6: Compute the required basic dynamic load
rating C from following equations

L Py A
£ [ P, )
C=P(L/0%"
C =Pifi/lx

or



Step 7: Identify a set of candidate bearings that have
the required basic dynamic load rating.

Step 8: Select the bearing having the most
convenient geometry, also considering its cost and
availability.

Step 9: Determine mounting conditions, such as
shaft seat diameter and tolerance, housing bore
diameter and tolerance, means of locating the

bearing axially, and special needs such as seals or
shields.



Problem: Select a single-row, deep-groove ball bearing
to carry 650 Ib of pure radial load from a shaft that
rotates at 600 rpm. The design life is to be 30 000 h. The
bearing is to be mounted on a shaft with a minimum
acceptable diameter of 1.48 in.

Solution:

* Note that this is a pure radial load and the inner race is
to be pressed onto the shaft and rotates with it.
Therefore, the rotation factor V=1.0in

* Therefore From equation
P = VR

P=R
the design load is equal to the radial load.
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We know,
L, = (h)(rpm}(60 min/h)

L, = (30000 hj(600 tpm)(60 min/h) = 1.08 X 10" rey

Also, Dynamic loa( € = £ (L1097

C = 650(1.08 x 10%10%)'* = 6670 1b
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* Giving design data for two classes of
bearings, we find from table that we could

use a bearing 6211 or a hearing A208.
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* Either has a rated C of just over 6670 |b.

 But note that the 6211 has a bore of 55 mm
(2.1654 in), and the 6308 has a bore of 40
mm (1.5748 in). The 6308 is more nearly in
line with the desired shaft size.

Summary of data for the selected bearing:

Bearing number: 6308, single-row, deep-groove ball bearing
Bore: d = 40 mm (1.5748 in)

Outside diameter: D = 90 mm (3.5433 1n)

Width: B = 23 mm (0.9055 in)

Maximum fillet radius; r = 0,059 in

Basic dynamic load rating: C = 7050 Ib
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BEARING SELECTION:
RADIAL AND THRUST LOADS COMBINED

For this case equivalent load is given by
P=VXR + YT

where P = equivalent load
V = rotation factor (as defined)
R = apphed radial load
T = apphed thrust load
X = radial factor
Y = thrust factor



* The values of X and Y vary with the specific
design of the bearing and with the magnitude
of the thrust load relative to the radial load.

* For relatively small thrust loads, X=1and Y =
0, so the equivalent load equation reverts to
the form for pure radial loads.

i.e., P = VR



* To indicate the limiting thrust load for which this is the
case, manufacturers list a factor called e.

 If the ratio T/R > e Equation
P= VXR + YT

must be used to compute P,
* If T/R < e. Equation

P = VR

must be used to compute P,



Radial and thrust factors for single-
row, deep-groove ball bearings

¢ TIC, Y ¢ 1IC, Y
.19 0014 230 (.34 0.170 .31
0.22 0028 1.99 (.38 0.280 .15
0.26 0.056 .71 042 0,420 1.04
().28 (.08 .53 0.44 0.560 1,00
(.30 0.110 | 45

Note: X = 0.06 for all values of ¥,

where C. is the static load rating of a particular bearing.
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Procedure for Selecting a
Bearing—Radial and Thrust Load

Step 1: Assume a value of Y from Table . The
value Y =1.50 is reasonable, being at about the
middle of the range of possible yglues.

¢ IiC, Y e TiC, r
0.19 0.014 2.30 0.34 0.170 1.31
(.22 (.028 1.99 0.38 0.280 .15
(.26 0.056 171 0.42 0.420 1.04
0.28 0.084 .55 0.44 0.560 1.00
0.30 0.110 143

Note: X = 0,56 for all values of ¥



Step 2: Compute
F=VXR + YT.

Step 3: Compute the required basic dynamic load
rating C.

Step 4: Select a candidate bearing having a value
of C at least equal to the required value.

Step 5: For the selected bearing, determine C..
Step 6: Compute T/Co.



Step 7: From Table determine e,
Step 8: If T/R > e, then determine Y from Table.

Step 9: If the new value of Y is different from that
assumed in Step 1, repeat the process.

P=VR
Step 10: If T/R < e, use equation to
compute P, and proceed as for a pure radial load.



Problem: Select a single-row, deep-groove ball
bearing from Table to carry a radial load of
1850 Ib and a thrust load of 675 |Ib. The shaft is
to rotate at 1150 rpm, and a design life of

20000 h is desired. The minimum acceptable

di: Step 1, Assume Y = 1.50.

s Step 2. P = VXK + YI'= (LOX0.56)(1850) + (1.50)(675) = 2049 |b,
o

Step 3. From Figure the speed factor fy = 0.30, and the life factor f, = 3.41.

Then the required basic dynamic load rating C 1
C = Pf,/fy = 2049(3.41)/10.30) = 23 300 Ib

Step 4. From Table we could use either bearing number 6222 0r6318. The 6318
has a bore of 3.5433 in and is well suited to this application.

Step 5. For bearing number 6318, C, = 22 500 Ib.
Step 6. T/C, = 675/22 500 = 0.03.
Step 7, From Table e = .22 (approximately).



Step 8. T/R = 675/1850 = 0.36. Because T/R > e. we can find ¥ = 1.97 trom
Table by interpolation based on 7/C, = 0.03.

Step 9, Recompute P = (10(0.56) 18301 + (1.97)(675) = 2366 Ib
(= 2366(3.41)/(0.30) = 26900 Ib

The bearing number 6318 is not satisfactory at this load. Let's choose bearing num-
ber 6320 and repeat the process from Step J.

Step 5. C, = 29800 Ib
Step 6, T/C, = 675/29 800 = 0.023

Step7.e=02

60



Step 8. T/R > e, Then ¥ = 2.10 using T/C, = 0.023.

Step 9. P = (1.0)(0) ﬁb}(lBS{)) + 1" 10)(675) = 2454 1b, Thus
C = 2454(3.41)40.30)= 27900 1b

Because bearing number 6320 has a value of € = 30000 Ib, it is satistactory.
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Tapered roller bearing




Tapered roller bearing installation
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The American Bearings Manufacturers”
Association (ABMA) recommends the following
approach in computing the equivalent loads on

y
P, = 04F,, + n-ﬁ?”i.ﬂ;” + Y, T,

B
PH=FJH

where P, = equivalent radial load on bearing A
P, = equivalent radial load on bearing B

F,, = applied radial load on bearing A

F,; = apphed radial load on bearing B

I’y = thrust load on bearing A

Y, = thrust factor for bearing A from tables

Yy = thrust factor for bearing B from tables
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Tapered Roller Bearing data

Ouitside Thrust Busic dynamic

Bore diameter Width d factor, ¥ load rating, ¢
10000 2 5000 (0.8125 ).383 171 8370
1.5000 3.0000 (09375 1.690) UK |2 800)
1. 7500 4.0000 . 2500 0.970) .50) 21 400
2.0000 4.3750 1.5000 0.975 202 26 200
2.3000 5.0000 14375 1100 .63 29 300
30000 6.0000 16250 1.320) | 47 39 700
3.5000 0.3750) |.8750 [ 430) .76 47700

Nore: Dimensions are ininches. Load C is in pounds for an £, life of | million rev.
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Problem: The shaft shown in previous figure
carries a transverse load of 6800 |b and a thrust
load of 2500 Ib. The thrust is resisted by bearing
A. The shaft rotates at 350 rpm and is to be used
in a piece of agricultural equipment. Specify
suitable tapered roller bearings for the shaft.

Solutio The radial loads on the bearings are

F,, = 6800(4n/10in) = 2720 b
F. = 6800(6in/10in) = 4080 Ib
T, = 2500 b

66



we must assume values of Ya and Ys.
Let's use Ya=Ys=1.75. Then,

P, = (.40(2720) + 0.5 '—% 4080 + 1.75(2500) = 7503 Ib

P, = F,=40801b

* Using Table as a guide, let's select 4000 h as a
design life.



L, = (4000 h)(350 rpm)(60 minth) = 8.4 X 10’ rev

The required basic dynamic load rating can
now be calculated , using k = 3.33

0= R 10
C, = 7503(8.4 x 107/10°)"% = 28400 Ib

Similarly,

Cy = 4080(8.4 x 107710")"* = 15400 Ib
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From following Table , we can choose the

L

Outside Thrust Basic dynamic

Bore diameter Width a factor, ¥ load ruiing. ¢
1.0000 2 5000 ().8125 ).583 171 8370
1.5000 3.0000 (.9375 1,690 |98 | 2 800
1.7500 4.0000 .2500 1.970) .50 21 400
2.0000 43750 [.5000 0,975 2.02 26 200
2.5000 5.0000 | 4375 | 100 |.63 29 300
3.0000 6.0000 |.6250) 1.320 147 39700
3.5000) 6.3750 |.8750 | 430 1.76 47700

Nore: Dimensions are in inches. Load Cis i pounds foran L, lite of | million rev.
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Bearing A
d=25000in D = 5.0000in
=203001b Y, = 1.65

Bearing B
d=17500in D = 4.0000 in
C=214001b VY= 150

We can now recompute the equivalent loads;

65
P, = 040(2720) + 0.5 % 4080 + 1.65(2500) = 7457 1b

P, = F,z = 4080 Ib

From these, the new values of C, = 28 200 Ib and C, = 15 400 Ib are still satisfac-
tory for the selected bearings.
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Alternatively, if the bearing 1s rotating at @ constant speed. and because the number
of revolutions 1§ proportional to the time of operation, N, can be the number of minutes of
operation at [, and N 1 the sum of the number of minutes n the total cycle. That s,

N=N + Nt 4N,

Then the total expected lite, in millions of revolutions of the bearing, would be

oI
L- (Fm)
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Life of bearing

mean effective load, Fn:

: ||{ EJ(Fn }lrlNa ) Hp
!Tw b '.\ N

where F, = individual load among a series of 1 loads
N, = number of revolutions at which F, operates
N = total number of revolutions in a complete cycle
p = exponent on the load/life relationship: p = 3 for ball bearings, and p = 1073
for rollers
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Problem
A single-row, deep-groove ball bearing number 6308 is subjected to the following set of

loads for the given times:

Condition F Time
I 650 1b 30 min
2 7501b 100 min
3 2501b 20 min

This cycle of 60 min 1s repeated continuously throughout the life of the bearing. The shaft
carried by the bearing rotates at 600 rpm. Estimate the total life of the bearing.

F. =
L |II~ N

fE,[F,}”N,)I*r

Solution

el (i{_}[ﬁﬁﬂ}" + 10(750)* + 20(250)°

/3
0 + 10 + 20 ) =971
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2 [
L 3 (Fm)

From Table for the 6308 bearing, we find that C = 7050 1b. Then

}

L= (@ = 1647 million rev

397

At a rotational speed of 600 rpm, the number of hours of life would be

1647 X 10°rev  min

L -
I 600 rev 60 min

=45745h
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