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SLIDING CONTACT BEARINGS
M

17.1. BEARINGS - An Introduction :

e

One of the major problems faced by Engincers when developing the working
characteristics of machine elements has been how to utilize the useful energy received
from various sources in the optimum way. Among the various factors like type of
load, environmental conditions, ‘material properties, labour skill which are affecting
the working characteristics of machine parts, the surface roughness and friction act
as predominant factors. The friction is defined as the resisting force that is developed

between the two relatively moving surfaces.

For some machine elements, the friction is used as an eminent property without
which they can not be operated and for some other machine elements this friction
should be an avoidable one. For the first category, the brakes and friction clutches
are considered as good examples and the bearing is a notable example for the second
category because in clutches, the friction between the clutch discs is used as an useful
medium for transmitting power from the engine to the wheels through propeller shaft
and in brakes, the friction is used to slow down the speed of the brake-drum when
the vehicle is to be stopped, whereas in bearings the friction should be reduced to
4 maximum level in-order to help for smooth running of vehicle.

it m?;’:f? bearirfg is a machine member which sup.ports a moving :uart and confines

vehic] ion. This motion may be rotational or linear. Tht.t bearmgs employed in

CO—or;‘s’ generators, pumps, turbines etc. are used for ro?:atmnal rr'mtlon whereas in

of e 1;1;“,0' measuring machine, the bearing is E:sed for lmerflr motion. The selection
earing type depends on quite a few design and service factors.

i
h
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172. CLASSIFICATION OF BEARINGS :

O::‘the basis of friction caused by relative movement of the bearin
the bearings are classified as, 8 Burfage,
1 Sliding contact bearings or Plain bearings.
2. Rolling contact bearings or Antifriction bearings.
Depending upon the direction of load applied, they may be grouped into
1. Radial bearings or Circumferentially loaded bearings.
2 Thrust bearings or Axially loaded bearings.
The detailed classification has been given in the table 17.1
17.3. SLIDING CONTACT BEARINGS, (Parts and types) :

The sliding contact bearing consists of two main parts namely shaft and sjeey,
The shaft rotates inside the sleeve. (also called as bearing itself). For avoiding frictioy,
2 lubricant is supplied between the mating surfaces. This lubricant carries away th;
heat generated during operation and reduces its wear and maintains the operating
temperature to a safety level

These sliding contact bearings are generally classified on the basis of usage as
plain journal bearing, thrust bearing, spherical bearing, pivot bearing. Depending
upon the lubricant applied, they may classified into;

a) Zero film bearings: in which no lubricant is present and hence metal to
metal contact will occur and so they are not generally preferred.

Thin film bearings: in which the lubricant is very thin due to its low
viscosity and hence the lubricant is no longer able to separate the moving
surfaces, partial metal to metal contact can occur. This type of lubrication is
also called as “Boundary lubrication”.

Thick film bearings: in which high viscous lubricant is supplied which
separates the rotating surfaces and hence metal to metal contact may be
prevented. This type of lubrication is-called “Hydrodynamic lubrication”

and most preferable one.
d) Externally pressurised lubricated bearings: in which the lubricant, which
may sometimes be air or water, is supplied with a sufficient pressure to
separate the rotating surfaces as similar to thick film lubrication. This kind

is called as “Hydro-static lubrication”.
There is one more sliding contact bearing in which a slider slides on a flat

surface as employed in Co-ordinate measuring machine.
amic lubricated bearings, particularly

b)

c)

In this chapter, the design of hydro-dyn
joumal bearings, has been mainly focused.
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17.3
17.4 JOURNAL BEARINGS .

A sliding contact bearing that furnisheg latera] g,
gnown as journal bearing. It consists of i

shown in figure 17.1. The portion of the

* S' . -
is called as journal. In most of the applicat; : Ing, also known as bearing,
is stationary. However, there are som

the bearing rotates and evyep Some

Journal

Fig. 17.1; Journal Bearing

This journal bearing may be classified as

“full journal bcaring”

and “partial
the journal is fully or pa

rtially covered

the angle
ial journal bearing is less

Journal bearing” depending upon whether

by the bearing as shown in fig. 17.2. That i
of contact is 360°

s, for the full journa] bearing,
whereas the angle of contact for part

@) Full journal Bearing (b) Partial Journal Bearing (c) Fitted Journal Bearing

Fig. 17.2: Types of Journal Bearings
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17.5. BEARING - MATERIALS
Eventhough v slidi ing i
epar : tl|u liding contact boaring in having wulliciont 1y
.m}.\} ates the rotating parts complotely, tho matorinlg used for mpki i, Whig)
bearing should have somo essontinl charnctoristics for officiont, fy, :'mH 0lm ’”'i
SO Tunctioniy, :

1. Materials should have good fatipuoe strongth Lo overcomo th fy)
' Wurg

change of loads both in magnitude and directions, U
2. They should have e ) "O8SI
2. y should have enough compressive strength to withstand g
A E Ry , . ; A0 My
pressure developed by radial londs so as to avoid the permanent ‘M'Hxnnun,
lormagjg,

Lh ] Al » . " "
3. They need good corrossion resistance to safeguard themsolves from corrgy,
atmospheres, e

4. Good thermal conductivity is desirable in order to transmit the heat produgg
- - . . L L : .[
during operation thus to improve their life.

5. They should have good embedding character. That is, they may be able tg

absorb foreign materials like dust, grit ete which results scoring of materials
which is to be prevented.

6. The sliding contact bearing materials should be the easily available and may
be cheaper.

Some of the important types of materials employed for sliding contact bearings
are aluminium alloys, copper alloys, babbit alloys (ie, alloys of tin, lead and antimony
known as white anti-friction alloys), silver, cast iron, steel, various plastics, rubber,
porous metal etc. The properties of these materials and their uses are given in the

table 17.2.

Table 17.1 Classifications of bearings s
Sliding contact bearings Rolling contact bearings
1. Zero film bearings 1. Ball bearings _
(Bearings without lubricant) a) Deep groove ball bearings

. . b) Self-aligning ball bearings
2. Thin film bearings bearings
. . ¢) Angular contact ball bea
(Boundary lubricated bearings) H g:} gle row angular co ntac‘-?t
ii) Double row angular contac

d) Thrust bearings ble thrust

i) Single thrust and_'m’//
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17.5
— Sliding contnctbmrimg\
- Rolling contact bearings
m film bearings 2. Rollor P
Hydro - dynamic bearings) a) Gyl gr}ngs .
a) Full journal bearings b) S;'}:nrim;al Ii(lmm].g bezfrmgs
ial journal bearj erical roller bearings
b) Partial journ -earmg c) Taper roller bearings
4. Externally pressurised bearings d) Needle roller bearings
(Hydro-static bearings) e) Thrust roller bearings
a) Oil journal bearing '
b) Air journal bearings
5. Pivot bearings
6. Collar bearings
Table 17.2: Materials and Applications for Journal bearing.
Materials Characteristics Limitations Applications
Wood Self lubricating, Light loads at high | Conveyors
low cost, long life. speeds, under 65°C
Cast Iron Low friction, low Not over 3.5 Cam shafts
cost N/mm? and
40 m/min.
Steel Low cost Light loads, Guides
_ 45 m/min
Bronze bushing |Low cost, simple Loads upto 21 All equipments.
construction N/mm?. Speeds
upto 270 m/min.
Heavy babbit Long life, low Steady loads under Motor, turbine
liner on steel friction, must have |7 N/mm? to shafting.
or cast iron good lubrication. 14 N/mm?2
— :
Light liner on Heavy duty, general|About 35 N/mm? Gas. and Diesel
steel or bronze |purpose, good for|and 1200 m/min engines,
backing d e Toads COMPTressors.
_cang ynamic loads. - i -
Rubber Low friction, resists|About 0.55 N/mm Mannse f‘:?i’;esrs’
abrasion, shock |peeds water pumps,
absorbent, long life. |Jubrication
o —— - Electric motors,
Carbon graphite |No lubrication Under #r | metere, Ghnvegnss
needed, light duty [455°C, 4 N/mm
applications. low speeds.
L_\‘
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Materials Characteristics Limitations Applications
Mate O st wus

Moulded plastic |Low friction, stronger About 120 m/mn; Pumps, propellers.
]iaminate than babbit when and 17.5 N/mm |
water lubricated must be well cooled. |
i d |Dairy, textile ang |
i icti lean. |Low loads if use ) an |
Moulded plastic |Low friction, ciea i sneds. food machiners |
i d Self lubricating Low loads, high All inaccessible places, |
Sintere : speeds. typewriter, electric|
!beanngs, stee o instrumeuts’l
:bronze st rings. |
i e —

17.6. LUBRICANTS AND THEIR PROPERTIES :

We have already known that, the bearings are th.e (Ialements used for‘ controlled
and smooth running of the journal which requires nil friction to l:-Je pre'ser}t in between
the relatively moving surfaces. The most effective way of ‘reducmg: friction aI.ld wear
is to prevent the contact surfaces. This is achieved by introducing a lubn-cant in
between the contact surfaces which separates the contact surfaces by its film
thickness and hence energy loss due to friction may be reduced and at the same
time the heat generated during operation may also be transmitted away and thus
the operating temperature may be properly maintained which improves the life of

the bearing.

Lubricants are generally divided into three groups with respect to their usage
znd availability, 1) Liquid, 2) Semi-solid and 3) Solid. The most commonly used
liguid lubricants are mineral and synthetic oils. These oils are designated by a
concern known as “Society of Automotive Engineers” as SAE 10, SAE 20, SAE
30 ... and so on. When the grade number increases, its viscosity also increases. That
is, higher viscous liquids are referred by higher grade numbers. For example SAE
40 oil is thicker than SAE 30 oil and so on. The liquid lubricants are mainly used
in automobiles, aircrafts, transmission systems, turbines, refrigerating machines and
all machine tools like lathe, milling, drilling machine etc.

Grease iFf the notable semi-solid lubricant. Sometimes the liquid lubricant may
evaporate at high temperatures. For such applications, grease is used. A good example

for the usage of grease is the bearings of fan, wet grinder and many parts of
automobiles.

Solid lubricants are employed to reduce wear in those situations where a
conventional lubricant (oil or grease) cannot be used like in high vacuum space-craft
or at very high temperatures. They can be applied to bearing surfaces by means of
an adhesive such as resin or they may be introduced in a powder form between the
two rubbing metals at low loads, in which case they adhere to the metal surface,
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—.\,rent‘l.lillly forming a fairl 17.7

2 : Y coherent : '

gm.phtfe, molybdenum disulphid Covering. Some of
e, lead mo of the solid lubricants are

oy t . . are impro .
additives containing sulphur, chloripe and p‘lii{;pzy adding suitable chemicals called
erous.

The following are the g
0 .
me of the Important properties of the lubricants
ants.

(i) Viscosity : It describ .
S ear (i mbvemint) of 0:15 ';he Internal friction of fluids, th :
€ layer of fluid with respect to’ th: D}::;oper;:y tohresxst the
er. In other words,

The viscosity varies i .
in a non linear fashion. 11:2?-311{1: 11:;: ;?ml;erat“re and directly with pressure, both
Newton’s law of vi e

temperature a ; of viscous flow,
i:s ::djacent lamlrpf'es(sit.lre, the force required to move a layer of m}:coio:- f;luiilpif'lﬁc
yer 1s directly proportional to area of contact, velocity c;f layer at;fl&

inversely proportional to the distance between these adjacent layers

. Av
e, Fo—
le o
(or) F=Z.A.-K— a = Area ABCD
DA /Moving plate
where '
r J Fl F
F = Force resisting the mutual = ===
shear of two adjacent layers — ] ===
of fluid (ov) force required to - — — Lubricam — —
move one layer from its h — —
adjacent layer in a laminar = — —
flow as shown in figure 17.3 =] e
VIR oo

tationary surface

A = Area of contact between
the layers.
h = Distance betweeh the layers. Fig. 17.3
= Velocity of relative shear of the layers ie; relative velocity of adjacent
layers. o
7 = Proportionality factor (Dynamic factor of viscosity)
m/s, the dynamic viscosity according

If we take F=1N,A=11'112;1’l=1n‘1s"’=1

to SI unit system 1is obtained as

ph__INx1m _jN-s/m’
Z=3av 1m?x1m/s
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That is, one unit of dynamic viscosity in the force of 1 N requireq t

. " ! ' ' o )

layer of fluid 1 m? in area at a velocity rate of 1 m/s relative t, an immgy _l”“'?e ’
]

of the same size located at a distance of 1 m from the firgt layer, laye,
Sometimes the absolute viscosity is represented in a differen way ag

Z=1N—s/1112=1kr.ﬂ,]-x-ﬁ;-=1k /m-—g _
[ g2 m? & ( lN._:[k“),__m/”zJ
In MIS units, the dynamic (or absolute) viscosity ijg denoteg
as

Z =1 kgf - sec/m?. Generally the viscosity may be expressed in CGS unitg 88 Do,
named after the French physician Poisewille. ’

ie, 1 poise = 1 dyne — sec/cm?

cm _ sec
=1gm g X5 =1gm/cm - sec
sec® cm

In practice, a further smaller unit, the centipoise is frequently used.

ie, 1 centipoise (cp) = -i—éa poise

= 0.01 dyne - sec/cm?
Note :

lkg __1000gm _ 10gm _ e
m-—s—1000m—sec—cm—sec_mpmse_wooq)

ie, 1 kg/m —s=1000 centipoises
The ratio of dynamic viscosity (Z) of a fluid to its density (p) at the same

temperature is referred as kinematic viscosity (y) ie ‘y=bz-

The unit of kinematic viscosity in CGS system is em?2/sec and is called as stokes.

3

1gm 5 M

=1 cmz/sec
cm —sec gm

ie, 1 stoke =

(a) Viscosity Index :

. . a1 s - jation
Usually the viscosity of oil decreases with increase of temperature. This variatio
of viscosity with temperature is defined as viscosity index.

(b) Viscosity measuring device :

The Saybolt universal viscometer is perhaps the most widely used Vi bez
easuring instrument. It utilises the equation for flow through a capillary tu
m
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measure the kinematic viscosity of the 1pyieqts by
standﬂl'd 60 cm® receiving flask and g a."'l
temperature bath Th.e oil sample to e t:cest;ctlhse ] .
the bath and rese.rvmr reach the desired. tegt temf;{i*::gum the reservoir, and, when'
is removed. Th.e t].me required for 60 ¢m?3 of the oil t re, a stopper at the bottom
is recorded. This time, measured in seconds, h oil to flow through a capillary tube

known as Saybolt Universal Secondg or simp] ;Sslll;lgome a standard unit of viscosity

g oil. The instrument consists of a

isrvmr surrounded by a constant

where Z = Absolute viscosity in centipoise at test temperature (t°C)
. S==8aybolt Universal Seconds
py = Specific gravity of oil at test temperature (t°C) expressed in gm/cm®

The specific gravity (ie, density) of the lubricating oil at test temperature
(t°C) is obtained as

PL=p1s5—06x10"6¢
where
p15.5 = Density of oil at 15.5°C
=0.86 to 0.95 gm/cm3 (or) 0.9 gm/cm3 (approx)

(or)
In S.I. unit system,
0.18
Z=p, ( 0.00022 S -—5~ ]
Here
7 = Viscosity in kg/m — s at t°C
S = Saybolt universal Seconds
p; = Density in kg/m® at t°C
-3
& = -06x107"¢
2P, =Pgs -
Where

. 3
P15.5 = Density of oil at 15.5°C in kg/m
P i 900 kg/ mS may be taken)

f
=860 to 950 l«:g/m3 (Average value 0
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17.10
The specific gravity of different types of oil are shown in table 17.3 ;
Table 17.3: Specific Gravity at 15°C
 Spean
S.No. Type of oil Pecifj,
gravity
at 15°¢
1. Light oil for light service high speeds “m
2. Turbine oil (oil rings) for light service and high speeds 0.890
3. Extra-light motor oil for ring-oiled bearings, transmission| 0.93;
shafting, small generators, motors, and high-speed engines.
4. S.A.E. 20 — light transmission oil for gears ' 0.925
5. S.AE. 40-medium transmission oil for large generators,| 0.930
motors, steam turbines, high-speed gears, heavy motor oil
6. Airplane 100 G-light eylinder oil - 0.890
7. S.AE. 110-light steam cylinder oil: heavy duty gears 0.930
8. Medium cylinder oil; slow .f.:.pe‘éc'i‘.worm gears 0.910
9. S.AE. 160-heavy cylinder oil, heavy-duty slow-speed gearing 0.935
10. Heavy steam cylinder oil . !ﬂp

(ii) Pour Point (or) _Freezing Point

It is the temperature at which an oil will cease to flow when cooled.

(iii) Flash Point :
It is the lowest temperature at which an oil gives off sufficient vapour to Support
a momentary flash without actually setting fire to the oil when a flame is brough

within 6mm at the surface of oil.
4
(iv) Fire Point : '
It is the temperature at which an oil gives off sufficient vapour to purn it
continuously when ignited. =N ‘
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17.7. TERMINOLOGY OF HYDRO-DYNAMIC JOURNAL BEARING :

For a hydrodynamic journal bearing, the

relative position ' i
with respect to various operating conditions ; et —

are shown in figure 17.4.

Clearance

Qil Flow
w ‘

At Rest At Start - During Running

Fig. 17.4: Mechanism of hydro-dynamic lubrication

From the position of shaft running at high speed, some specific terms can be
defined as follows.

Let O be the centre of bearing
O - be the centre of journal \
D " be the diameter of bearing
d  be the diameter of journal
[ be the length of journal

1. Diametral clearance (c) :
It is"the difference between the diameters of bearing and journal
ie,c=D-d

times of journal diameter

1
Generally ¢ may be assumed as 7500

(ie, c=0.001 d}

2, Diametral clearance ratio :

i 1.
It is the ratio of dlametral clearance to the dlameter of the journa

! c 0.001¢ oo1d = 0.001 generally J
1e, Cp = d = d
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3. Eccentricity (e) :
It is the radial distance between the centre of bearing (0°) and the conty
0 of

journal (O)
ie, e =distance O O’ = —;—- h,

4. Minimum film thickness : (h,)

It is the minimum distance between the bearing and the journal under complet,

lubrication conditions.

. c c . .
ie,h, =75 —e where 5 18 called as radial clearance.

5. Attitude or eccentricity ratio (€) :

It is the ratio of the eccentricity to the radial clearance,

6. Film thickness at any angle 6, h=—;— (cos 6+ 1)
7. Square bearing :

If the length of journal (}) is equal to its diameter (d), it is called as square
bearing.

ie, [ =d (or) é- =1 for square bearing

8. Long bearing : Here, length > diameter ie, é> 1

.. Zhort bearing : For this kind, length <diameter ie,al-< 1

17.8. DESIGN OF HYDRO-DYNAMIC JOURNAL BEARING :
ends on the pressur®
he viscosity

ticking Wil

The function of the hydro-dynamic journal bearing dep
developed in the lubricant supplied between the bearing and journal. If t
of the lubricant is very thin, then metal to metal contact will occur or S 4
* be the result if it is more thick. Thus for good design, the selection of lubrica”

should be proper and the heat generated during operation must be tratns1111"5"‘3‘_l it
in order to keep the bearing in the optimum working temperature. Otherwls® *
bearing will not be saved from abnormal heat produced which results even sometim®

‘melting of bearing elements.
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The main criterian for the desi 17.13
heat generated which in turn depe
experiments that, the coefficient of
variables,

bearing j
nds o : Ing 1s the power loss due t
n beanng friction. It has been founL:le b;

friction j
for journal bearing is a function of three

Zn d !
1) D’ (2) . and (3) I

where 1 =  Coefficient of friction between the journal and bearin
A =  Viscosity of lubricant ¢
n = Speed of the journal
p =  Pressure developed on the bearing over projected area

W
Td (where W = Load applied on the bearing)

I, d = Length and diameter of journal respectively.

c = Diametral clearance.

The variable Zn/p is termed as ‘Bearing characteristic number’ and is a
dimensionless number. The variation of coefficient of friction with the operating
values of bearing characteristic number (Zn/p) as found out by McKee brothers in
an actual test of friction is shown in fig. 17.5.

Thin film or Boundary .
oy Thick film
lubrication (Unstable) u tion .

A r—i—’: *Stable)

. IPartia
S I4bricati n
|
|
l
|

P

PRI

i K— N
(Zn/p)
n of coefficient of Ir

Coefficient of friction (u)

jction with Zn/p.

47.5: Variatio
Fig.-17.5 straight line, represents

:-h is almost
urve PQ: which 15 ditions may be obtained.

In this figure the part of the € here stable operating con

the region of thick film lubrication W
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Here : : .
IUb:Lic:ltt:o‘::ii(;h;e“ly Wlth‘anp. The curved line QR represents the region of . ..

) ence partial metal to metal contact may occur in this reg; Partja)
pnrt!on .RS represents the region of thin film or boundary lubrication %on' The
lul.mcntwn will not be adequate. The coefficient of friction p is minimum ot there the
A in the curve. The value of bearing characteristic number at the lowest fn‘ctie Point
at the point A) is specified as ‘Bearing modulus’ and is denoted as K. on fie,

The bearing should not be operated at this value of bearing modulus, bec,
a slight decrease in speed or slight increase in pressure will break the oil film :83
make the journal to operate with metal to metal contact, resulting high friction, w.:;r
and heat. Hence the bearing should be designed for a value of atleast three times
of bearing modulus (K) for safety. If the bearing is to be designed for larg
fluctuations of load with heavy impact, then the value of Zn/p = 15 K may be adopted,

McKee brothers found a relation between the friction

By doing a number of tests,
-dynamic (ie, thick film lubricated as

coefficient and other parameters for a hydro

shown by the line PQ) journal bearing, which is given by
U= _:3_3_.25§><_Z_n_x§_ +k tia CA)
10 p C

7 is in kg/m-s and p is in N/.mm2 0.010

33.25 2Zn _d
(or)u—[ 1010 X - ch+k ...... (B)

when

k
when Z is in centipoises and p is in 0.005 -
kg‘f/cm2 and k= correction factor for end T
leakage. It depends on I/d ratio. Its value !
can be obtained from graph as shown iIn
figure 17.6 0 1.0 , 2.0 3.0
/fd
The heat generated during operation is ]
given by the relation, _ Fig. 17.6
(i) According to S.I. system,
Hy, = LWV N-m/s ord/s or watts.
where U = Coefficient of friction calculated using the relation (A)
W = Load on the bearing in newtons (N)
\" = Sliding velocity of journal in m/s

zdn where d is in metres and n is in rpm.
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(i) According to MUKS. syntom,

[ = W oy -
Hy = ] < cal/min PO WY gpr m/min
w = Load in kpgf

v = Velocily in m/min
J = Joule’s coefficient, =497 kit = m/Jk enl
m = Coefficient of friction obtained from the relation (13)
Heat dissipated by the bearing is given hy
Hy=CA (t, = t,) watts (according to S.1. system)
=CA (t}, —t,) kcal/min (according to M.K.S. system)

where C = Heat dissipation coefficient expressed in
W/m?/°C (or keal/min/ em?/°C)

= 140 to 420 W/mZ2/°C (or 2x 10~ *t0 6% 10~* keal/min/cm®/°C )
' for unventilated bearings (Still air)
— 490 to 1400 W/m2/°C (or 7x 10~ *t020x 10~* keal/min/em?/°C)

for well ventilated bearings.

A = Projected area of the bearing in m? = (I x d)

Temperature of the bearing surface in °C

ty, =
and t, = Temperature of the surrounding air in °C
[Note :
lkeal/min/cm2/°C = 427 kgf-m/ min/ em?/°C

. 2
427 % 9.81 N - m/min/cm /°C

I

I

4200 1o N - m/s/m’/°C
60

2,0
=  7x10°W/m”/ Cl

hould be more than
f hea B
gn, the yalue 0

¢ dissipated

For safe and optimum desi
€at generated.
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by eqinting :}E; oi the oil required to remove the heat generated . oy
e heat generated to the heat taken away by the oilan be determined

_Hy

le, Hr=H;=m cp At J/s or watts from which m =
cpAt

Mass of the oil in kg/s

where m =
c = Specific heat of the oil and i
b p eat o e oil and its value may be tak
2100 J/kg/° C s LMoy
At = Difference between the outlet and the inlet temperatures of
e

oil in °C.

In M.K.S. units;
Hy=m c, A t keal/min

where m is in kg/min; c, is in kcal/kg/°C and its value is taken from 0.44 to 0.49

kcal/kg/°C.
17.9. SOMMERFELD NUMBER : (S)

Sometimes, one of the important dimensionless parameters called Sommerfeld
ill help us to design for the hydro-dynamic journal bearing, and is given

number w
by
g Zw(dY
= e
where S — Sommerfeld number.

Absolute viscosity' in N -s/m?

Z =
P = Bearing pressure in N/m?2
n’ = Revolutions per second

(or) in MKS units
Absolute viscosity in l‘zgf--sec/m2

Z =
p = Bearing pressure in kgf/m2
n = Revolutions per second. l
ue
‘ 17.4. From the selected V&
may be selected from the table :
Sttt Vﬂl;ﬁ;d alj':d then coefficient of friction may be determined.

of S, Z can be calcu
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T 1717
17.10. PETROTI’S EQUATION :

Similar to McKee ln(,““,,”
Mr. Petroff also derived an (-quulmn
for the coefficient of friction relating
the parameters of journa], The
derivation of Petroff’s equation can o
explained as follows.

Henring

&(\W \‘.‘:‘“z\ Joumasl

cl?

v
=

Considering a journal of diametey
d and length [ rotates gt n
revolutions per second ingide g
bearing as shown in figure 17,7,

’

According to Newton’s law of
viscous flow, the force required to
rotate the journal is given by

e 7 A v Flg. 17.7
h ¥

Here,
Z =Dynamic viscosity
A =Surface area of contact =nd!
v =Surface velocity of journal =ndn’

h = Radial clearance =c¢/2
Substituting, we get

F=Z.ndl.ndn'2
The friction torque, T=F.r
i-e., T'-:Z’ndzndn’.%%:nzgn_'dsl wene (A)

Suppose W is the load acting on the journal, then the friction torque is given by
d a?
T=|.LWr=upld--§=p.pl 5 (B)

1 d = Projected area

Beat IIIL p
Equal,i]lg A al[(l B we gE "Ei l d

d2 o Zn’ ,3.
S 2en a3g
“Plz nt = d

uzznz(?__n.'}[ﬂ} o (O
| P (¢
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1 }‘

The equation (C) is the Petroff’s equation or Potroff's Inw,
The Petroff’s equation and MeKea's equabions nre amployed for ]j‘,huy load
P """.’»‘]

bearings.
17.11. CRITICAL PRESSURE OF TIE JOURNAL BEARING :
ressure at which the oil film breaks down so that metal Lo metal g,
or the minimum operating prowsure of ‘:}’;L
d A0

s empirical relation,

The p
begins, is known as critical pressure
bearing. It may be obtained by the following

2
Zn d [ 2 .
= — e— N/ ‘ L wl t r‘ { !
Pe ™ 4 75 x 10“(c ] ((l M] i \on 7.6 in kyfm,,
Zn d ¥ / 2
_ d ‘ kef/c .. (when 7 i in centipoige
(or) Pe 275 % 10° [ . } (d T J cpf/em in centipoige)

Note:

For easy referen

these databooks where the above said d
in this text book. For example, at any place of this book, if the matters like table

17.5 (PSG 7.31, JDB 19.13) are seen, then they refer that the data available in table
17.5 of this text book are also available in the page 7.31 of PSG data book and in

the page 19.13 of Jalal databook.

17.12 DESIGN STEPS FOR HYDRODYNAMIC JOURNAL BEARING :
we should have clear idea

When designing a hydro-dynamic journal bearing,
h parameters are length of

about what parameters to be determined Some of suc
journal, diameter of the journal, diametral clearance, material and also proper

lubricant. The following steps can be generally adopted in designing journal bearing.

1. Calculate the diameter of journal (d) from power, torque and stress
relationships such as

1/3
T 60P o dz[IGTJ
T Sg

ce of design data from some data handbooks, page numbers of
ata are available have also been presented

“onN
n table 17.6.

The recommended speeds of some machineries are given i
e table

Find the length of journal, choosing an appropriate ([/d) ratio from th

17.5, (PSG 7.31, JDB 19.13)

bearing pressure P the relation

using
essure with allowable

not be within the

3. Now evaluate the
p=%(wherew=applied load) and check this pr

pressure, given in the same table. If the pressure will

range, then change é ratio suitably.
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Choose the diametral cllea;rance l(c) from the table 17
able 17.5

Select the value of ‘Bearing

characteristic number’ Zn from the
and from that parameter determine

same table

the graphs shown in fows 195 (Pz and find corresponding lubricant, from

Then determine the heat generated (H

1000

N—=s/m

Absolute Viscosity. (Centipolse)

-3

1 Centipolse = 10

800
600

500 |

400
300

200

100
80

60
50

40

30

20
18

15
12
10

" Calculate the coefficient of friction () using

SG 7.41, JDB 19.26).

appropriate relation

) and Heat dissipated (Hy)

— {\.:ERAGE ABSOLUTE VISCOSITIES Vs TEMPERATURE
< ‘\\:‘\\
N
NN \:\\
<
ANANANNS
ANA NANENNN
\\ \\\\\\ \\\\\\\
S — AN S LSS
AN < A% s S N
SEEEAN AN AN AN
AN ANIRN AN
AN R NN
".\ N\ N |\ NN N\
8 \\ \ \‘\
AN e \\
NONONN NN e
N N N ~ N ND
N ‘\\ \\ Se ,;*;Q\
N\ \\'\ { \\Q
\\ N \\\
N\ N\ N
\\ a \\\ \\\
NINIAN
NN )
20 30 40 50 60 70 80 90 100 110 1

Temperatuﬁ. °C

Fig. 17.8
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|

9. If the generated heat is more than the dissipated heat, Provide . ..
cooling arrangements iy

10. Decide proper bearing material and other required dimensions fo, the jo,
bearing. al

Note:
Sometimes the Sommerfeld number (S) may also by used to find out the valug

of Z and from that, i can be calculated.

17.13. HYDROSTATIC BEARINGS :
The hydrodynamic lubrication is possible only vlvhen the shaft rotates at Speeds
sufficiently high to establish the thick film, otherwise boundary lubrication wj) be

created. In hydrostatic bearings, the oil (i.e., lubricant) is supplied, during starting

or slow running conditions, at such a point and at such a pressure that the jour,

is lifted up by the oil film that is formed (Fig. 17.9).

The figure 17.10 shows the hydrostatic thrust bearing 1n which the lubricant
from a constant displacement pump is forced into a central recess and thf.?n flows
outwards between the bearing surfaces, developing pressure.and Sepé.lrahon and
returning to a sump for recirculation. By this way, the load carrying force is produced.

Eventhough the hydrostatic bearings are superior to hydrodynamic 1bea;mﬁs
because of not occurring the boundary lubrication due to the ec:;ternzl su;;i y 00;;;

" 1 1 is that they always depend on the pr
I k of hydrostatic bearings 1S t. a ' .
:‘he ?:;notfir;;vzzi)ply pgmp which is not required for hydrodynamic bearings.
uncti

w

N ‘/Bearing

: d, +0
Journal X vw

Lubricant

Coupling

O Qil pump

Fig. 17.10
Hydrostatic thrust b

earing

Fig. 17-9 .

H drostatic journal bearing
y
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: 17.

Table 17.4(a): Dlmcnsionlcss-i performance parameters for full journal
bearings with side flow

_,_...---'"'_'_.__

Tl E EEE . o pd A& pCoh L
e n'l q P Pinax
w a0 1.0 o 7092 ® 0 - ~
01 09 0.240 69.10 480 3.03 0 19.9 0.826
02 08 0213 6726 257, 283 0 11.4 0.814
04 08 0213 6794 152 226 0 8.47 0.764
06 04 00389 5431 120 156 0 9.73 0.667
08 0.2 0.021 4222 0961 0.760 0 15.9 0.495
09 01 00115 3162 0756 0411 0 23.1 0.358
097 003 - - - - 0 -~ -
1.0 O 0 0 0 0 0 oo 0
s 0 1.0 o (85) o= m 0 o -
01 09 133 795 254 337 0150 106 0.540
02 08 0631 7402 12.8 359 0280 52.1 0.529
04 06 0.264 6310 579 399 0497 24.3 0.484
06 04 0121 5058 322 433 0.680 14.2 0.415
08 02 0.0446 36.24 170 462 0842 8.00 0.313
0o 01 0.0188 0g.d5 105 474 0919 5.16 0.247
097 0.03 0.00474 15.47 0.514 482 0973 261 0.247
10 0 O ‘ 0o -0 :
0 oo o -
L S e :56 343 0173 3430 0.523
01 09 481 81.62 "™
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1 2hy HACHI OEsigy
ad & — s ® TR-SRLCI: . DR PCAL, 3
¢ denl g —T P~
02 0.8 203 7494 409 372 0318 164 0:“
04 06 0.779 6145 17.0 429 0552 ¢gg 0'4:6
06 04 0319 48.14 810 4.85 0.730 330 0:36;
08 02 0.0923 3331 326 541 0874 134 0267
09 01 00313 2366 160 569 0939 666 0.20¢
0.97 0.03 0.00609 13.75 0.61 588 0980 256 0.12
1.0 0 0 0 0 -~ 1.0 0 0
025 0.0 10 o (89.5) m 0 0 o _
0.1 09 16.2 82.31 3220 345 0180 12870 0515
02 08 757 75.18 1530 3.76  0.330 6110 0.489
04 06 283 60.86 611 437 0567 2450 0.415
0.6 04 1.07 46.72 269.7 4.99 0746  107.0 0.334
08 0.2 0.261 31.04 880 560 0.884 354 0.240
09 01 00736 2185 350 591 0945 14.1 0.180
097 0.03 0.0101 1222 0922 6.12 0984 3.73 0.108
1.0 0 0 0 g b 1.0 0 0

—

q, mm®/sec; p, density of the oil =900kg/m® ¢’ Specific heat of the oil =1840 to
2100 J/kg°C p ¢’ = 142 x 104 N/m2°C

2
Values of Tho

I/d ratio oo 1 0.5 0.25

For min. friction 0.6 0.3 0.12 0.08

For max. load 066 0.53 0.43 0.27
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Table 17.4(b): Dimensionless Perform

centrally loadeq

ance parameters for 120°

» With side flow

17.23

bearing, /

£ T os d 4q_ g ¢At, P
L i ¢ e i q - Br P
oo 0 1070 .. 1t son o - : - =
0.1 0.9007 0.877 66.69 6.02 3.-02 0 25.1 0.610
02 .+ 08 - 0431 5260 396 gu5 o 149 0.599
04. - 06. 0181 3902 178 913 o 105  0.566
0.6 0.4 0.0845 3267 121 147 o 10.3 0.509
0.8 0.2 0.0328 2680 0.853 0759 o 14.1 0.405
0.9 0.1  0.0147 2151 0653 0388 0 212 ¢ 0.311
0.97 = 0.03 . 0.00406 13.86 0.399 0118 0 42.4 0.199
1.0 0 0 0 0 0 0 oe 0
Ly:. 0 1.0 o 90.0 o n 0 - L
0.1  0.9024 2.14 72.43 145 320 0.0876 59.5 0.421
0.2 0.8 1.01 5825 7.44 311 0157 326 0.420
04 06 0385 4398 360 275 0272 190  0.396
0.6 0.4 0.162 3565 216 224 0384 150 0.356
0,8' 6,2 00531 27.42 127 157 0535 139 0.290
0.9 0.1 0.0208 2129 0855 111 0657 14.4 0.233
097 003 0.00498 1349 0461 0694 0812 140 0.162
1.0 0 0 0 0 - 1.0 0 0
; N x 0 ol =
ot 0 g . 329 0.124 149.0 0431
0.1 0.9034 5.42 7499 366 3.
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N

g
1 %h d 49 a4  pcar o~
d € = S . He den’L —— _F
d q P P%
—_
0.2 0.8003 2.51 63.38 18.1 3.32 0225 1779 0.42;
0.4 0.6 0.914 48.07 820 315 0385 405 035
0.6 0.4 0.354 38.50 4.43 280 0530 270 023
0.8 0.2 0.0973 28.02 2.17 218 0.684 19,0 0261
0.9 0.1 0.0324 21.02 124 1.70 0.787 151 0203
0.97 0.03 0.00631 13.00 0.550 1.19  0.899 10.6 0.13§
1.0 0 0 0 0 = 1.0 0 0
025 0 1.0 oo 90.0 e n 0 co -
0.1 0.9044 184 76.97 124.0 3.34 0143 502.0 0456
0.2 0.8011 8.45 6597 604 3.44 0.260 2540 0438
0.4 0.6 3.04 5123 26.6 3.42 0442 1250 0389
0.6 0.4 1.12 4042 135 320 0599 175.8 0.321
0.8 0.2 0268 28.38 565 267 0.753 42.7 0.237
0.9 0.1 0.0743 20.55 263 221 0.846 25.9 0.178
097 003 00105 1211 0.832 169 0931 116 0.112
1.0 0 0 0 0 - 1.0 0 0
.
Values of b
l/d ratio oo 1 0.5 0.25
for min friction 0.5 0.4 0.28 0.06
: fér max load 0.53 0.46 0.38 0.26
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Table 17.6: R MACHINE h
+0: llecommended Speeds of Some Machinerjeg N

gop S0 ) reVJmin

Location of bearing Speed, rev/miy

Automobile crank shaft 900 to 14
000

Aeronautic engine crank shaft 1800 to ggp,
Stationary gas-engine main 250 to  ggq
-do- crank pin 250 to  gqg
-do- cross head 250 to  gog
Diesel engine main 60 to 160
-do- crank pin 60 to 160
Marine steam engine main 180
-do- crank pin 180
Stationary slow speed main 40 to 80
-do- cfank pin 40 to 80
-do- cross head 40 to 80
Cotton mill spindle 8000 to 12000
Stationary high speed main 360
-do- crank pin 360
-do- cross head 360
Locomotive drive wheel 250
-do- crank pin 250
-do- cross head 250
Marine steam turbine 2000
Stationary steam turbine 2000
De Laval 5 kW steam turbine 30000
Railway car axle 300
Generator and motor 150 to 500
Rolling mill main : 60

~ Gyroscope N 800 tg’lio_o/
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17.27
17.14: SOLVED PROBLEMS .

Problem 17.1 :

Design a journal bearing for i
3 a St 3
on two bearings one at each gjqe D?a:;l; turbine, whose shaft is supported

generator for power production, The ¢ turbine, and is coupled with a

4 weight of turbi . .
fneasured as 40 kN and the shaft rotates o 1500 S AP b
is 100 mm. rpm. Dlameter. of the shaft

: M d . .
Solution: (Refer figure 17.11) (Madras University)

Journal Bearing  Turbine

Generator Coupling

\

((

[((

Fig. 17.11
Given:

Weight of turbine, acting on two bearings =40 kN =40000 N.

ie, Load acting on one bearing W =20000 N

‘Speed of the shaft (ioumai) n = 1500 rpm

Diameter of the shaft (journal) d =100 mm

The journal bearing is designed based on two main data such as
1. Heat generation

2. Heat dissipation

Heat generated over the bearing surface during operation

= pWVN-m/s (or) watts
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MAC

where u =  Coefficient of friction
W = Load acting on the bearing in newtons
V = Sliding velocity (or) Rubbing velocity in m/s
Now n = 33‘35 ang +k
10 p e
where Z =  Absolute viscosity of the lubricant in kg/m-s
P = Pressure developed in the bearing over the projected areg
in N/mm?
d = Diameter of the journal
c = Diametral clearance = 0.001 d (assumed) [(or) -S— = 1000:|
k =  Correction factor for leakage

To find out journal dimensions :
Let [ = Length of journal
d = Diameter of journal =100 mm (Given)

The developed bearing pressure on journal bearing is given by,

_ Load W
P = Projected area 1-d

Assuming 1/d = 1.2 (For steam turbine from table 17.5) (PSGDB 7.31, JDB 19.14)

[=12d=1.2x100=120 mm.

Now, pressure developed, p = ﬁzg% 1.67 N/mm?

This pressure is within the safe range (0.7 to 2 N/ mm?) (Table 17.5) (PSG 7.31,

JDB 19.14)
Let the operating temperature of bearing, t, = 75°C

The af.mospheric temperature, t, = 30°C

To findout the viscosity of lubricant (Z):
~ Now take (‘Z;I_ll‘ =14.22 (from table 17.5)
- in

- p_14.22x1.67
Hence, me =14.22 X' 1500 - 0-016 kg/m -s
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Since the minimum viscosity required for the lubricant is 0.016 kg/m-s, the next
standard lubricant ie, SAE 30 oil will be selected whose actual viscosity is
0017 kg/ms at 75°C. (Refer fig. 17.8) (PSG 7.41, JDB 19.26)

Now, Heat generated, Hy=p WV

(3325 Zn d) .

where U= ) 108 p ¢ |—
[ 33. 0.0
= 33 %5 X gL Lo x 1000 |+ 0.002 (k = 0.002 for £ 1.2)
10 1.67 d

(From fig. 17.6) (PSG 7.34, JDB 19.24)
= ( 0.005 + 0.002 ) = 0.007

ndn  mx 100 x 1500

Sliding velocity, V = 60 % 1C00 —  60x1000 = 7.85 m/sec

Hence, Heat generated, H,=p WV watts
=0.007 x 20000 x 7.85 = 1099 watts
Heat dissipated, Hg=CA (t,—-t,) watts
where C = Heat dissipation coefficient
= 1000 W/m?2/°C (assumed)

A = Projected area in m2=1Ixd

100 x 120 g
_100x120 _ 1 %0.12) m
1000 % 1000 ~ ¢ )

Now, Heat dissipated, Hy =1000 x 0.1 x 0.12 x (75 — 30) = 540 watts.

Since the generated heat is more than the dissipated heat, artificial cooling
arrangements must be provided for proper functioning and also to limit the rise of
temperature. This cooling arrangements can be done by providing cooling fans or by
circulated water around the bearing.

Now, Diameter of bearing, D=d+c=d+ =d (1+0.001)

_ 1000
=100 (1.001) = 100.1 mm

Specifications for Hydro-dynamic full journal bearing :
1. Diameter of the journal (d) = 100 mm

2. Length of the journal !/ 120 mm

3. Diameter of bearing (D) = 100.1 mm

I
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4. Diameter clearance (c) = 100 microns (= 0.1 mm)

5. Lubricant selected = SAE 30 oil
6. Operating temperature = 75°C
7.  Atmospheric temperature = 30°C

8.  Material selected = Bronze bushing (or) Heavy babbit liner
on steel or Cast iron.

Problem 17.2: (In M.K.S Units)

Design a journal bearing for a generator to the following Specificationg

Load on the journal = 1200 kgf
Diameter of the journal = 75 mm
Speed of the journal = 1400 rpm

(Madras University)
Solution :

Given :
Load, W = 1200 kgf
Diameter, d = 75 mm = 7.5 cm
Speed, n = 1400 rpm

To find journal dimensions:

For the generator, the % ratio is 1.0 to 2.0 (Table 17.5) (PSG 7.31) (JDB 19.14)

Let us select é: 1.5

ie, Length of journal, I = 15xd=15x"75=11.25cm

Developed bearing pressure p 2B<W_c_1 = 7—513%-2-5= 14.22 kgf/cm®

Since the safe pressure range is 7 to 14 kgf/cm2. (Table 17.5),

let us increase the length as 130 mm, so that

130
l/7d = T 1.73 .
Now pressure developed over the projected area, (ie, bearing pressure)

- 1200 _ 2
P=13x75" 12.3 kgf/cm

NOW the bearing pressure is within the safe range.
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17.31
To find the viscosity of oil;

To find out the value of Z, (the vigeqg

minimum value of 1ty), from the table 17.5

it is known that, the

2845 x 12.3
s Ggin = 1400 - 25 centipoise

Minimum viscosity required =25 cp,
Let us assume the operating temperature =70°C
and atmospheric temperature, =25°C

Hence the lubricant oil selected is SAE 40 oil, which is having the viscosity of 27
cp at 70°C. (Refer figure 17.8) (PSG 7.41, JDB 19.26)

Heat generated, H, = }% kcal/minute

| 25 Zn _d
where p = Coefficient of friction = [ %—n— XX ] +k (PSG 7.34, JDB 19.3)

Assume the diametral clearance, ¢ =0.001d.

Then, p = 33:25 , 27x 1400, 4499 }+ 0.0025=0.013 - -} =0.0025 for i/d =1.78)
107 e (from figure 17.6) (PSG 7.34, JDB 19.24)

Sliding velocity : Vv = ndn m/min

7.5 - /min
= 49 - 1400=330m
= X 100

427 kgt~ m/k cal

I

J
Hence, Heat generated, Hz = J

0.013 x 1200% 330 _ 12k cal/min
== 431
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Heat dissipated, Hy=C

where C =

(tb - ta,)

Hy e

Since the dissipated heat in less th

{

MACHINE DEg)q,

A (t, - t,) k cal/min

Heat dissipation coefficient

15%x 10 * kcal/min/cm2/°C for well ventilated conditiong
(assume) |

Projected area in cm?

7.5 % 13 =97.5 cm®

operating temperature - atmospheric temperature

70 — 25 =45°C
15 x 10~ 4 x 97.5 x 45 = 6.58 k cal/min
an the generated heat, artificial cooling must

be arranged by providing cooling fans and so on.

Diameter of bearin

Specifications :
Type of bearing
" Length of journal

Lubricant selected

Material selected

® N A W e

Problem : 17.3
The lo

diameter running at 1800

L]

(i) Length of bea

(ii) Amount of heat to be

erature

bearing temp
d the b

centipoises an

Diameter of journal

Diameter of bearing

Operating temperature

Atmospheric temperature

ad on a journal bearing is 150 kN due to a

g, D=d+c=76+ (0.001 x 75)
=75.075 mm

Hydro dynamic full journal bearing.
= 130 mm

= 75 mm

= 75.075 mm

= SAE 40 oil

= 70°C

= 25°C

= Bronze bushing.

turbine shaft of 250 mm

rpm. Determine the following

allowable bearing pressure 1.6 MPa.
per minute if the
il at 60°C is 20

ring if the
removed by the lubricant

is 60°C and the viscosity of the o
nce is 0.25 mm.

earing cleara
(Madras University, April 2000)
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Solution:

Given:
Load on the journal, ' y_ 1500 150 x 10° N
Diameter of journal, d =250 mm,
Speed of journal, n = 1800 rpm.

Bearing pressure, P=1.6 MPa=16x 10° N/m? = 1.6 N/mm?

Operating temperature =60°C
Visgestly of oil, Z=20cp=20x10"3 N - s/m?
Bearing clearance, ¢ =0.25 mm.
(i) To find length of bearing:
Let I = Length of bearing.

The bearing pressure over the projected area is given by,

W _ 150 x 10°
p.d 1.6 x 250

(or) I= =375 mm (Answer)

(i) Amount of heat to be removed:

The heat generated in bearing due to turbine shaft rotation is given by
[ Hy=p WV N-m/min.)(or) J/min.

where,

R = Coefficient of friction,

[3325:_(2:1 dJ+k

102 © p
33.25 _ 0.020 x 1800 _ 250 1_375
£9:49 0.002 [For =15
108 16 025 J* d ~ 250

k is approximately equal to 0.002]

=(. =
0075 + 0.002 = 0.0095 (From Fig. 17.6), (PSG 7.34, JDB 19.24)

V = Sliding velocity

____g_m/ _ tx 250X 1800 _ ;494 m/min.
1000 1000

Hence, H, = 0.0095 x 150 x 10° x 1414 = 2015 x 10° N-m/min

=2015 kN-m/min (i.e., 2015 kJ/min.)
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This generated heat sh ' '
) ould be removed by the lubricant in order to saf,
the turbine from over heating. .

Hence, the amount of heat to be removed = 2015 kJ/min (Answer)
Problem : 17.4

The load on a 100 mm full hydro-dynamic journal bearing is 9000 )
Speed of the journal is 320 rpm. '

Let I/d =1, ¢/d =0.0011. The operating temperature =65°C and minim,
oil film thickness =0.022 mm

(i) Select an oil that will closely accord with the stated conditions. For ¢,
selected oil, determine (ii) the friction loss (iii) the hydro dynamic oil floy
through the bearing, (iv) the amount of leakage (V) the temperature rise of
oil passes through the bearing and (vi) maximum oil pressure.

(M.K. University, November 1996)
(Anna University, Oct. 2003)

Solution :

Given : 7 |
Load on the bearing, W =9000 N
Diameter of the journal, d =100 mm
Speed of the journal, n =320 rpm

l/d=1, c¢/d=0.0011
Minimum oil film thickness, hg=0.022 mm
Operating temperature = 656°C
Therefore, the length of journal, /=d =100 mm

Diametral clearance, ¢ =0.0011d

=0.0011x100=0.11 mm

- Sommerfeld number, S ____Zp_n’ (d/c)?

where Z =  Absolute viscosity in N —s/m? or kg/m —s
' n’ = Revolutions per second (rps)
P =  Bearing pressure, in N/m?

’"'V‘.'--Now ; pressure developed in the bearing, over the projected area, (i.e., bearing
# ;] 5
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sLDIN 17.35
W____9000 _ __ 9000
P=7xd~ 100 100 ~0.1x 01~ 9% 10° N/m?
1000 > 1000

320
e__._.-=533r s
n’="50 P

2h, 2x0.022 _0.044
Now =~ ="0a11 - o011 —04

o |
For — =04, Sommerfeld number, 8=0.121 (from the table 17.4 (a)) (PSG 7.36,

c
JDB 19.16)

Also S=

7Zn' i\z
p |ec

ie., 0.121 =

Zx533 (1 Y
9 x 10° \ 0.0011

0.121 x 9 x 10° x (0.0011)

Z= 533 =0.0247 N —s/m? = 0.025 kg/m-s

(i) The mext standard oil, SAE 30 oil will closely accord with the stated
conditions, whose viscosity is 0.0255 kg/m - s (= 0.025 kg/m - s)

Hence S=0.121

Then, % =3.22 (for S=0.121)  [Table 17.4(a) PSG 7.36, JDB 19.16]

TR 322x-& 3.22 x 0.0011 = 0.0035

ie., Coefficient of friction, pu=0.0035

Frictional force : u W = 0.0035 x 9000 =315 N

ndn n x 100 x 320

. ¥ S E £ =1 /
-_Veloclty of the journal; v="155"7000= 60 x 1000 1.68 m/s

(i) ., Power loss due to friction, Pp=p W-v= 31.5x1.68
. =5292N - m/s =53 watts

(i) Tﬂtal.oil flow :

From the Table 17.4(a) ﬁ— 4.33 (for S = 0.121)

* Total oil flow through the bearing,
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q:iﬁﬁf_g}_’i

-33 .1 0 11 10 3 .
4 X () X . )( X .5. 3 x 0-1 - ” '

(iv) Side leakage :
qs
Now -q— =0.68 (forS= 0.121)

Slde leakage, q,=0.68 x q=0.68 x 6.35 x 10~ ® = 4.32 x 10~ ® m? /4
(v) Temperature rise :

From table (17.4(a)) 2 2%

=14.2

5
Ato=14.2::<p=14.2><9><10 — 9°C
pc 142 x 104

Rice in temperature =9°C

(vi) Maximum pressure :

From the table 17.4(a) —P—=0.415

max

: __p _9x10°
“ Pmax = 5415 = 0.415

=21.7 x 10° N/m?2

Maximum oil pressure =21.7 x 10° N/m?

Problem 17.5:

A sleeve bearing is 10 mm in diameter and 10 mm long. SAE 10 oil .at
an inlet temperature 50°C is used to lubricate the bearing. The radial
clearance is 0.0076 mm. If the journal speed is 3600 rpm and the radial load
on the bearing is 68 N find the temperature rise of the lubricant and the

minimum film thickness.

Solution:

" Load on the journal, W=68N
Diameter of journal, d=10 mm
Length of journal, [ =10 mm.

=SAE 10

W of oil
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Operating temperature = 50°C 17.37
Radial clearance

Speed of journal = 3600 i

Now,

10

1 and diamete
1 r clearance ¢ =9
=2x0.0076 = 0.0150
. mm

|~

Sommerfeld number is given by

_Zn'(a}
3 ;) e (A)

where Z =  Absolute viscosity of oil at 50°C
= 2 -3 ] | 2 1
3X 107N -s/m (Fig. 17.8) (PSG 7.41, JDB 19.26)
n” = Journal i = 3600
Speed in rps =760 = 60 rps
p =  Pressure developed over projected area.

W 68

— —

T d _m=0.68 N/mm2=0.68>: 108 N/m?

Substituting the above values in the equation (A), we get,

g 23%107°x60( _10x10"
0.68x10° | 0.0152x 103

] =0.878

To findout the temperature rise:

Assume the bearing as full journal bearing.

l
Also d=1

From the table 17.4(a), for é= 1 and S=0.878

We have,

p C' A tO - 71-15 (By interpolation)
P

*+ Aty =Temperature rise

6
71.15x 0.68 10 _ 340C

5 P _
=T71.15x o 142 % 104

(p ¢ =142 10* N/m? °C, table 17.4(a))
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To findout minimum film thickness:

From table 17.4(a), for é= 1 and S=0.878, we have,

2 hy , ;
290 _0.84 (By interpolation)

(¢

. hg = Minimum film thickness

x 0.84 =

—_—

< 0.0152  , 84 = 0.0064 mm.

2 2

17.15. SHORT QUESTIONS AND ANSWERS :
1. What is a bearing?

Bearing is a machine
ts the motio

transmitting shafts, direc
between the contact surfaces, while carrying the load.
2. How are bearings classified?
Bearings are classified based on
faces as

(a) Nature of contact between bearing sur
(i) Sliding contact bearings or plain bearings.

(ii) Rolling contact bear
(b) Direction of load applied as

(i) Radial bearin
(ii) Thrust bearin

3. Specify the types of sliding contact bearings.

(i) Zero film bearings (Bearings without lubricant)

@ii) Thin film bearings (Boundary
(iii) Thick film bearings (Hydro-dynamic bearings)
(iv) Externally pressurised bearings
(v) Pivot bearings

(vi) Collar bearings.

What is meant by Journal bearing?

bearing that supports load in a
t consists of two main parts suc

4.

A sliding contact

journal bearing. I
bearing. The portion’ of the shaft inside t

shown in figure 17.1.

member, used to support th
n of shafts and

lubricated bearings)

gy

MACHINE DES|gy

e axles and power
also reduce friction

ings or Anti-friction bearings.

gs or circumferentially loaded bearings.
gs or axially loaded bearings.

(Hydro-static bearings)

radial direction is called as
h as shaft and a sleeve of
he bearing is termed as journal as
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5.

Gl

7.

100

A,

12.

" called as ........ :
(b) In sliding contact bearings,

Answers : (a) Fitted bearing:

" (a) The preferred angle of co
~'(b) The rolling contact bearings are 0

Sliding contact bearing find applicatio

17.39

by the sleeve as shown

employed for comparatiye]
s : ;
whing mackines. ¥ smaller size machines than partial journal bearing:

Name few materials for sliding contact bearings

Aluminium
alloys, copper alloys, babbit alloys, silver, cast iron, steel etc.
What is a babbit alloy?
Babbit alloy is the alloy of tin, lead, copper and antimony.
Express the composition of gun-metal,

Gun metal is the alloy of copper, tin and zinc in the following proportions as

Copper - 88%
Tin - 10%
Zinc - 2%

What are the desirable properties of bearing materials?

(1) Good fatigue strength to overcome failure due to change of loads.
(2) Enough compressive strength to withstand maximum radial loads.

(3) Good resistance to corrosive atmosphere.
(4) Good thermal conductivity to transfer the heat produced during operation.

'Fill in the blanks of the following

ntact for partial journal bearing is ....... .
therwise called as ........ .

Answers : (a) 120% (b) Anti-friction bearings.
sliding contact bearings.

Specify some applications of |
ns in gas & diesel engines, pumps,

. S0 OM.
compressors, turbines, conveyors and

Fill in the blanks of the following:

radius and bearing radius are equal is

(a) The journal bearing whose journal

the friction is reduced by .o -

(b) Lubricants.
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CHAPTER - 18

@

ROLLING CONTACT BEARINGS

I

18.1. INTRODUCTION :

The advent of automobiles and many high speed machineries make very much
use of another type of bearings, known as rolling contact bearings. Since the friction
produced in these bearings is very low or almost negligible, these bearings are also
called as “Anti-friction bearings”. They differ from sliding contact bearings in their
structure and usage. The sliding contact bearings are made integral with parent
machine, whereas the rolling bearings are made separately and they can be assembled
with machine and disassembled from it whenever needed. The comparison of sliding
and rolhng bearings is given in table 18.1

18.2. COMPONENTS OF ROLLING BEARINGS :

The rolling bearing consists of four main components (1) the inner ring, (2) outer
ring, (3) the balls or rollers and (4) the retainers or separators as shown in figure 18.1.
The inner ring is force-fitted with machine shaft and the outer ring is force-fitted
with machine housing. The shaft rotates because of relative rotations of balls or
rollers. The retainer is used to prevent the balls or rollers exiting from bearing rings
during operation.

Some of the rolling bearings are available with
fol. shields to prevent dirt from entering and to retain grease
2. shields and seals to contain lubricant for self-lubrication and

3. snap rings and flanges that provide for simple bearing containment.
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Inner race

Rolling elements
. ) (Balls or Spheres)
Rolling Bearing Nomenclature

Fig. 18.1
18.3. CLASSIFICATION OF ROLLING CONTACT BEARINGS :

The rolling contact bearings are classified into two major groups with respect
to their structure as
1. Ball bearings.

2. Roller bearings.

Basically the structure of ball and roller bearings are similar except t
whether the rolling elements between the inner ring and outer ring are balls or
rollers. Also these ball bearings are made into many types such as deep groove or
Conrad-type ball bearings, angular contact ball bearings, thrust ball bearings an
80 on. Similarly the roller bearings are made of taper roller bearings, C}’Ii“drical
roller bearings, thrust roller bearings and so on. The schematic diagrams for various
rolling bearings are shown in figure 18.2(a), (b) and (c)

Both types of bearings can carry radial loads and axial loads separately or i?
coml?ined form. Generally the ball bearings are used for light loads and the roller
bearings are usually employed for heavier loads. Also, in the case of ball bearings
the nature of contact is the point contact and hence the friction produced is very
low compared to roller bearings where the nature of contact is the line contact which

. produce more friction,

hat
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. Deep groove ball bearing
. Single row angular contac

t ball bearing

. Double row angular contact ball bearing
. Double thrust ball bearing
. Taper roller bearing

Fig. 18.2(a): Types of

9. Self aligning ball bearing

5. Single thrust ball bearing
7. Cylindrical roller bearing
9. Spherical roller bearing

Rolling Contact Bearings.

18.3
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(c) Tapered roller bearing

(b) Roller thrust bearing

Fig. 18.2(b)
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L
o E Single row angular contact ball bearings

Radial ball bearings .| m Duplex angular contact ball bearings

Double row angular contact ball bearings

: m Four-point contact ball bearings

Ball bearings

Self-aligning ball bearings

l | I | Single direction thrust ball bearings with flat back face

Single direction thrust ball bearings with seating rin

Thrust ball bearings | [ E i | Double direction thrust ball bearings with flat back face

m Double direction thrust ball bearings with seating rings

Rolfing beari '
g Deerngs ﬁ Double direction angular contact thrust ball bearings

m' Single row cylindrical roller bearings
E Double row cylindrical roller bearings
| Needle roller bearings

Single row tapered roller baarings

_Radial roller bearings |

Double row tapered roller bearings

Roller bearings-

m Spherical roller bearings

_H Cylindrical roller thrust bearings
HH Needle roller thrust bearings

M Tapered roller thrust bearings

m Spherical roller thrust bearings

Thrust roller bearings

Fig. 18.2(c): Classification of Rolling Element Bearings
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18.6

18.4. MATERIALS USED FOR ROLLING BEARINGS :

. Ball bearings (i.e, the inner ring, outer ring and balls) are commonly made ¢
high carbon chromium steel that is through hardened to Rockwell C 58 - 65,

use of elevated temperature upto 400°C, separators made of allo

to prevent chips, dirt, etc are also generally mad

Roller bearings are usually fabricated of case hardened (i.c., carburizing grage
steels. These steels are surface hardened to Rockwell C 58 — 63.

Ball separators (i.e., cages) are n

ormally made of low carbon steel. However, fi,

y steels may be useq.

Seals are made of low carbon steel. Shields that are used to retain grease and

Table 18.1: Comparison of Rolling and Sliding

e of low carbon steel.

Bearings

Rolling contact bearings

Sliding contact bearings

These are made separately and

They are made integral with parent
machines.

Starting friction is slightly higher.

Lubrication with specialised oil
systems.

They usually require more axial
space than diametral space.

In this case the bearings which are
useful for radial loads cannot be
used for axial loads and vice-versa.

Silent operation at any speed.

Replacement is difficult because of its
integral with machine, except changing
of bushes.

They can be operated only at
horizontal or vertical positions.
Generally all the journal bearings
are operated in horizontal positions
and thrust bearings are operated at
vertical positions.

Initial cost is slightly lower.

I
assembled with machines whenever
needed.

9. Starting friction is low.

3 Ease of lubrication with simple oil
systems

4. They generally require less axial
space and more diametral space.

5. Generally all the rolling bearings will
support both radial and axial loads
except some specific bearings which are
most suitable for radial or axial loads
only.

6. Noisy operation at high speed.

7. They are readily replaceable as stock
items.

8. They can be operated at any inclined

: position.

; 9. | Initial cost is usually higher.
i iy O
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18.7
~  Rolling contact bearings Sliding contact bearings
ﬂirﬁ, metal chip which enter inside Sliding contact bearings will not

~ the bear.ing will reduce its life due suffer by these mateﬁgalsvieczgse
to abrasion. these foreign materials will be
washed away during operation.
11. Life is finite.

Life is almost inﬁnite._
12. Less capacity to withstand shock.

High capacity to withstand shock.
13. Power loss is low.

Power loss is usually higher due to
friction.

14. Usage is more. i.e., majority of high |Here the usage is limited, i.e., they
class machine tools are operated may be used in those places where
with rolling bearings. rolling bearings cannot be used.

15. Work accuracy is more. This is due

to coincidence of shaft and bearing
centres.

Here accuracy is poor, because of

non-coincidence of shaft and bearing
centres.

18.5. DESIGNATING THE ROLLING BEARINGS :

Rolling Bearings are designated in different methods by different manufacturers,
but mainly based on their load carrying capacities. According to SAE (Society of
Automotive Engineers), bearings are grouped into (1) Very light series whose number
start with 100 (2) light series which start with 200, (3) medium series with 300 and
(4) heavy series with 400. In any bearing number, the last, two digits are u.sed to
denote the bore diameter in multiples of 5 mm. Thus the bearing ?15 signifies a
medium series bearing of 75mm bore. Similarly the bearing .415_31gmﬁes the heavy
series of same (75 mm) bore, but its load carryi.ng capacity is more. Gener:e'xlly,
medium series bearings have load carrying capatflty upto 4{?% greater than light
series bearings of same bore, but occupy more a:gal and radial space on the sh'flft
and in the frame. Similarly the heavy series .beanngs. have a load carrying capacity
of about 20 to 30% greater than medium series bearings.

According to Anti-Friction Bearing Manufacturers .&ssuclatwn (AEBMA) and
International Standards Organisation (1.S.0) and also Indm.n stangards, G:_a(ximgs ;re
designated by their bore diameter followed by type of beannngn type °t3 :ktyt or
example, for the bearing represented by 30 BC 02, the Ietterd thrEPTf?ela2 j ;_ 3;138
of bearing. The prefix 30 indicates its bore diameter in mm and the suffix 02 indicates
that it belongs to light duty.

iken) ball bearing company, bearings
i Svenska Kullager Fabri : .
are dt;‘(:;::;zg l:; Sgrént series for different groups of bearings. For example, series
started with following numbers are,
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60, 62, 63, 64 '
» 64 = for deep groove ball bearings
12, 18, ¢
3, 22, 23 —  for self-aligning ball bearings
72, 73, 32, 33

= for angular contact ha]] bearingg

512, 513, 529, 523, 532 —  for thrust ball bearings

222, 230, 231, 240, 241 =
302, 322 323

for spherical roller bearings
—  for taper roller bearings.
NU2, NU22, NN 30 K, NNU - for cylindrical roller bearings
NA49, NA69, RNA 49, NKXR -  for needle bearings

Ir} SKF bearings also, the last two digits of any bearing number represent th,
bore diameter in multiples of 5 mm except the first four numbers of any serjes.

For example :

SKF Designation : 6200 6201 6202 6203 6204 6205
Bore diameter in mm : 10 12 15 17 20 25

——

18.6. FACTORS INFLUENCING THE SELECTION OF BEARINGS :

Each type of bearing has its own characteristic properties which make it
particularly suitable for certain applications. When selecting the bearings, several
factors must be considered.

(i) Space availability : -

The bore diameter, axial and radial fpaces are some of the eminent parameters
which are to be considered when selecting the bearings, Deep groove ball bearings
are normally selected for small diameter shafts whereas cylindrical roller bearings

- and spherical roller bearings are generally preferred for large diameter. If radial
‘#pace is limited, bearings with low gectional height like needle roller bearings may
~ be chosen. Where axial gpace is limited narrow bearings are preferred.

(if) Load :

The magnitude of load usually decides the size of bearing. Generally roller
bearings can carry heavier loads than ball bearings having the same external
dimensions. Deep groove ball bearings, cylindrical roller bearings are especially
“employed for radial loads. Thrust ball bearings, thrust roller bearing are usually used
for axial loading. Other bearings like angular contact bearing, taper roller bearing,
can carry radial loads as well as axial loads separately or combinedly.

- (it) Bpeed :

L, For very high speed applications, generally deep groove ball bearings may be
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¢ 13 18.9
(iv) Misalignment :

Self-aligning ball bearings may be 4,
. . : sed wh :
sllaﬁ".lslto e id-]uﬁted_ Cylindrical rollep bezl;"ianz:ycingula}‘ displacement of the
misahgnment. The different types of bearings n adjust any small axial

3 in table 18.2. for different types of applications are
gwen
‘Table 18.2: Applicati

el . ons of Ball and Roller Bearings

Figure Types of i
S vpaeen bearings Application

. D .

_ g eep groove ball bearing For considerable thrust load

apart from radial load-high

speed.

Self aligning ball bearing Minor angular displacements of
shafts will not affect.

Single row angular For heavy axial loads
contact ball bearing

Double row angular For radial loads with heavy
contact ball bearing thrust in both directions

Spherical roller bearing High carrying capacity, self
aligning-for heavy radial loads
with considerable axial load in
both directions

Cy]iﬁdrical roller bearing For heavy radial loads at high
speeds-permit slight axial
displacement.

For combined radial and axial

Taper roller bearing
loads

For axial load in one direction

Single thrust ball bearing
only

For axial loads acting on both

st ball bearing
Double thru directions

For heavy axial loads-high

P ler thrust )
Spherical roller speed-self aligning

bearing
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18.7. SELECTION OF BEARING SIZE ;

The size '
of a bearing for tatior ;
load cviying capudity It 1.,. \]mt ' nny’ application may be decided on the basis of j,
voasine e ol st relation to the loads to be carried and the rf:quin:rrmm_;-
M4 nd reliability. Generally the basic static load rating and hasic dynu—mi;.
g are used to express the load carrying capacities of any bearing. ’

(1) Basic static load rating : (symbolized by C,) is used in calculations whey,

the .bearings are to rotate at very slow speeds, or to be stationary under loag
during certain periods. It must also be taken into account when heavy shock
loads at short duration acting on a rotating (dynamically stressed) bearin;;,
The value of C, depends on the bearing material, the number of rows r;f

rolling elements, the number of rolling elements per row, the bearing contact
angle, and the ball or roller diameter. Normally the basic static load rating

has little influence in the selection of rolling bearing.

(ii) Basic dynamic load rating (C) also known as specific dynamic capacity iz
used for calculations involving dynamically stressed bearings, i.e., a bearing
which is rotating under load. It expresses a bearing load which will give a
basic rating life of 1 million (i.e., 10% revolutions. The basic dynamic load
rating for different materials, symbolized by C, depends on the same factors
which determirie C,, except for additional parameter concerning the load

geometry. The dynamic load rating C enters directly into the process of

selecting a bearing.

(jii) The life of a rolling bearing is defined as the nuntber of revolutions (or the
number of operating hours at a given constant speed) which the bearing is
capable of enduring before the first evidence of fatigue, that is developed in
the material of either rings or rolling elements. It is, however, evident from
both laboratory tests and practical experience that seemingly identical

_ bearings operating under identical conditions have different lives (i.e., number
" of hours or revolutions). All information presented on dynamic load rating 1s
based on the life that 90% of sufficiently large group of apparently identical
bearings can be expected to attain or exceed. This is called as the bas{c
rating life (or nominal life). It may also be referred as Ljg life and this

he minimum life. The majority of bearings attain a much longer life than
ch may be known as “the median life”, and it is
the nominal life. (i.e., median life =3 Ljg)-
fined as the summation of all bearing lives
of life tests. This average life is
define average life of a
5 times the nominal life.

is t
this nominal life whi
approximately equal to five times

The average life of bearing is de
in series of life tests divided by the number

. different from median life. Some manufa(-:turfars
2 3 P aaring: 88 approximately equal to median life, 1..¢,
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ih.64
i: 50K 01 TINCG:
188, INFLUENCE: OF OPERATING timppg sy ON BEARING ATEIIAL,
AL olevied Lomporatura, the hardnogy of 11,0 busring mnverials § s
thus the dynamic load carrying capuciy L tiinbeerinls i redusd and

Yot also reduced It ]
' ' Py & ore b Btk ' b
reduction in dynamic lond currying Pty uh, different temperstre 5; '/";‘-”” ikt

. st r the (y
ﬂCUl_unL l:ﬂl" :l“ﬂ{li!lilllf the I'HU.”H life i, Lhm, If’tg!/;,-u.;j ’-‘:’h’ij’i‘ﬁ'ﬁﬂﬁi!"-‘, "W ﬁ;ﬂ’ﬂfjﬂ;r‘

Table 18,3

e e s

4 125

Bearing temperature (in “C)

10 V16 W0 26 W
Decrease in capacity (in %) : 5 10 % u ;;s; 4

18,9, SELECTION OF BEARINGS FOR S8TEADY LOADING ;

The size of bearing required is judged by the magnitude and nature of apppien
load, life and reliability. The bearing load is composed of weights invidved, fores
derived from power transmitted and additional forces based on method of operation
ete.

Different manufacturers recommend different methods for the selection of
bearing in accordance with load rating. According o AFPEMA, the bearings sre

selected based on dynamic load rating C. By conducting number of tests, the dynasmic
load capacity can be determined as,

1
"
C=| —~ [ xP

C = Basic dynamic Joad rating

... (18,15
where

L = Life of the bearing required in million revolutions

Ly = Life of bearing for 90% survival at 1 million revolutions (or 10% failure)

P = Equivalent load
k =Exponent
= 3 for ball bearings

= 10/3 for roller bearings
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The equivalent load (P) is defined m-c-nnh'n.a:f to “‘U“BM!‘? as that t‘un:\‘mnr rq
load, which, if applied to a bearing with rotating Hl"t‘f' ring and Hft!{mnmy Outey
ring, would give the same life as that which the {f""rf""‘r !t-'vufd_ attain under y |
actual condition of load and rotation. In many %\lll’lltfll‘-f(?ll.ﬁj bearings have g Clery
a load composed of axial and radial components. .In ndcfltmn‘, j-h(!_\"l‘ll't‘, Sometimg
required to operate with a rotating outer and n stutfmmry llllm‘-(; 1}11:?.‘l}t. then becopg
necessary to express these conditions by an Ot].lll\’llll}l.lt Ol'l“hll. istying the aboy,
definition. The expression used to define the equivalent load is given by

diq)

P = (VXF,+YF,S v (18.2)
where P = Equivalent load

F, = Radial load

F, = Axial load

X = Radial load factor (Table 18.4)

Y = Axial load factor (Table 18.4)

\' | = Race rotation factor
= 1.0 for inner ring rotation and outer ring stationary.
= 1.2 for inner ring stationary and outer ring rotation.
= 1.0 for inner ring or outer ring rotation in the case of

self-aligning !::all bearing.
S = Serﬁce factor which is given in table 18.5

 The equation (18.1) can be specified in the following form also in order to show

. t-_he relationship between the life of bearing and load capacity as

(18.3)

C k
L= [ P ] million revolutions
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ROLLING CONTACT BEARINGS

18.13
Tabl . .
e 18.4: Equivalent Bearing Load
‘Type of Series : ES . gg> A 3
bearing (SKF) r F,
& = X wiY X Y
Deep groove Series 60, 62, F,
ball bearing 63, 64 §E=0-025 1 0" 056 2 1022
=0.04 1 0 056 18 024
=007 1 0 056 16 027
=013 1 0 056 14 031
=025 1 0 056 12 037
=05 1 0 056 1.0 044
Angular contact 72B, 73B, 1 0 035 057 1.14
ball bearing 32, 33 1 073 062 117 0.86
Self aligning 2200- 2204 1 13 065 2 0.5
ball bearing 05— 07 1 17 065 26 037
08— 09 1 2 0.65 3.1 0.31
10- 13 1 23 065 35 028
14— 20 1 24 065 38 026
21— 22 1 23 065 35 0.28
2301 ) A 065 16 063
2302- 2304 1 12 065 19 052
05— 10 1 15 065 23 043
11- 18 1 1.6:47065" 25 "0.39
Spherical roller 22205C-22207C 1 21 067 31 . 032
bearing 08C-09C 1 25 0.67 3.7 0.27
10C-20C 1 29 0.67 44 0.23
292C-44C 1 26 067 39 026
1 0 04 16 037
Ta . 392206-208
per roller bearing L 3 B4 14k oad
24— 30 -1 0 04 135 0.44

i
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\Table 18.5: Service Factor (§)

——

wineries ——_—*m
For bearings carrying geamam M“_‘*--Hﬁ_:f‘%r §)
Rotary Machines with pq impact 1]
Reclprocatmg machineg 13 h : :
Machines With pronounceq impact, hammer mill, presses 16 - 4
For electric motors:

Stationary machines 15-9
Traction motors 15 -25
For belt and chain drives:

Chain drives 15 - 17
V-belt drives 20 -25
Leather belt drives L 25 -85
Fabric belt drives 20 - 30
Steel be_lht_ drives 3.0.- 40

- Note: The following values of service factor may also be used for the lack of
specifications about the machineries.

(i) Constant or steady load -1.0

k (ii) Light shocks -15
' (iif) Medium shocks -20
(iv) Heavy shocks -25

aring
If a bearing is required to operate for a particular life and the Zlelect::ld be
in ha\ung more life than requirement, then, the prabability of selec beal ;

mﬂﬂg the required life is given by expression as ane
L in (1/p)
L'y hl(lfp«m)
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ROLLING CONTACT BEARINGS

18.15

where,
L
L'y = Caleulated life of gele

cted bearin . '
in million revolutiong, g for given load at 90% survival
In (1/p10) =(170.9) =0.1053

b = 117 for a median™life =51y,

1.34 for a median life =

P = Required Probability of g
For system having “x” bearin
probability of survival of Paystem

4.08 Ly (for Deep groove ball bearing)
elected bearing.
g8, each having the
=px-

18.10. SELECTION PROCEDURE FOR ROLLING BEARINGS :

g W Dete}'r_nine the radial and axia] forces (i.e., loads) accurately from the working
conditions.

probability as p, then the

2. Select the type of bearing such as ball or roller bearing etc. from load
conditions (Table 18.2).

3, Calculate the working life of bearing (or select from the table 18.6) (PSG 4.5,
JDB 20.6)
4. Find out the dynamic capacity C using
c =(-£ )“ P (PSG 4.2, JDB 20.2)
Lo |

where L = Life required in million revolutions

_ Life in hours x r.p.m x 60
108

Lo =1 million revolutions

k =3 for ball béarihgs; 10/3 for roller bearings
P=(VXF,+YF,S
Select the radial factor (X), axial factor (Y) based on the ratio F,/F,, whether
it is greater than or less than the limiting value “e” by using the table

18.4.The factor ‘e’ defines a minimum ratio between the axial and radial forces
below which the axial force can be ignored (i.e., set to zero) in equation 18.2.

Assume other factors like V and S based on the requirements.
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MACHINE Dggq,

BALL BEARINGS
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18.17

o wo
ozsmma.m oooooooooooooo

00000000
Sg8ss2se88888¢8+¢8

RPM

Example: At 1000 RPM and a life of 2500 Hrs, C/P = 4.50

Fig. 18.3(b)
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18.18 l
i ompeoratures, then .

- }‘ 'b :n. E- - b{\ C-‘\_rn-ia\\'i :‘! hl\;ﬂlﬂ.‘!‘ t{\l.“t}{r . deterﬁune tha

5. If the beanng 1= pers ‘
acity sult bly.

dynamic ¢ap A o ‘
s od heoaning from the m:mumcmn.ra catalogue which Shﬂu}&
the requirsd o<s ;_:{‘ properties with the requirement, ie., it shoyy
ast equal § : o o oy
n o life than assumed and so on. [Re;
load raung ar more -y

Pick out
have better oF atle
have higher dynamic
table 18.71.
Evaluate the other pre
tolerance.

o

sortions of bearing and its housing and give suitabe
D 1S

-3

v : h ts as shown in figure 183(2), b
o . & ihe charts as S g 3(@), (b)

o . select C/P ratie directly from o< oia),

We may sele and from that also C can be calculated.

ed on the life and speed of besaring
VARIABLE LOADING :

bas
BEARING FOR
for the selection of bearings under

18.11. SELECTION OF

So far what we have learnt are the methods . : .
constant loading at given period. ie., the bearings acted by same load in their entire
cally, | operated under variable load

life. But practically, the rolling bearings are frequently
and speed conditions. This is due o
many causes like power fluctuations &s
in electrical machineries or requirement I\

of different cutting forces for different
kinds of materials as in machine tools,
or running with loading and unloading P

2

-

conditions as in automobiles and so on.

T Fal — e

‘Such a variable loaded bearings are 3 p H
designed by considering all these N : :
different loaded conditions of work cycle := §
and not solely upon the most severe E E
operating conditions. The work cycle : ;
may be divided into a number of - ‘[< L sle— 1>
t, t ML

portions -in each of which th i
ons -in e operating
'io‘o::l?ons may be taken as constan:
1gure S 1 ‘
" Jondi gure 18.4 shows the variable Fig. 18.4: Revolutions (or) periods
] admg conditions for variable speed.

- = Constant load duri
¥ Cmm L lﬂ.'IDg ny revolutions (or) during the period of time ty
: :'_ ' uring ny revolutions (or) during the period of time to
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JOLLING CONTACT BEARINGS s

_p, = Constant load at ny (or) t

Pt Constant load at n; (or) t,

Then the approximate value of the equivalent mean load (i.e, cubic mean
Joad) for the whole cycle of operation, which will have the same influence on the
life of bearing as the fluctuating load, is obtained as
For variable speed, the cubic mean load

3 3 1/3
P = Pin;+Ping+Ping+...+Pin,
o Zn

where Zn=nj+ng+ng+...+0,
And for variable time

1/3
_ P3¢, + Py ty+Pitg+.... + Pat
m = Tt

where Tt=t;+tg+tg+...+tn

lemaﬁt_"l

Fig. 18.5: Revolutions (or) periods

ctuating linearly over 2 certain period as shown in figure 18.5

If the load is flu _
the mean load for this period may be obtained as
' 2P max + Pmin

Prean = 3
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18.20 MACHINE DEgg,

18.12 SELECTION PROCEDURE FOR THE BEARINGS UNDER VARIAg)

LOADING :
1. Note the different loads acting at different speeds or at different Periogs

accurately from the working conditions.
Calculate the number of revolutions per unit time or portion of perigg per

2.
unit revolution.
3. Find out the equivalent mean load assuming time or speed constant.
4. If the load is acting linearly over a certain period, then calculate the megy

load for that period before calculating equivalent mean load.
-Then determine the basic dynamic capacity, and the life of bearings as

mentioned in the previous article 18.10
Table 18.6: LIFE OF BEARINGS

o

. Bearing Life
Class of Machines Working Hours
Instruments and apparatus that are used only rarely 500
e.g. Demonstration apparatus, sliding door mechanism
Machines used for short periods or intermittently and whose 4000
break-down would not have serious consequences to
e.g. Hand tools, lifting table, agricultural machines, domestic 8000
appliances
Machines working intermittently and whose break-down would 8000
have series consequences to
e.g. Auxiliary machines in, power stations, conveyor plants, 12000
lifts, m/c tools used infrequently
Machines for use 8 hrs/day and not always fully used 12000
_ to
, e.g. Stationary electric motors, general purpose gear units 20000
- Machines for use 8hrs/day and fully utilised 20000
e.g. Machines for engg. industry-cranes of bulk goods, to
~ ventilating fans, counter shaft in gear box. 30000
. - Machines for continuous use 24hrs/day 40000
o e.g. Separators, compressors, pumps, mine hoists, stationary to
" electric machines, on-board naval vessel machines. 60000
j-’M@dhjnes r:equired to work with a high degree of reliability for 100000
24 hrs/day . : to
: .#_‘;e..'g[ Pulp and paper making machinery, public power-plants, 200000
ne. pumps, water works, on-board merchant ship machines

A
._I ﬂﬂrfpl"

._.":.‘F,‘ < _L I;

F“-@j
W |'r-
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CONTACT BEARINGS

Series 73 B

el gt ot . ——

Series 23

Fig. 18.6

18.21

Series NU 23

B

il
|

o
o

Table 18.7(a): Deep Groove Ball Bearings (Series 62)

ISI No. Bearing d D B r Basic capacity,* . Max.
of basic N permissible
design Static Dynamic - speec.l

No.(SKF) Co C rev/min
mm mm mm mm
(1) (2) (3) (4) (5) (6) (7 (8) 9)

10BC02 6200 10 30__7_ 1 2160 3925 20000

12BC02 01 12 32 10 1 2940 5250 20000

15BC02 02 15 35 11 1 3430 ~ 5980 16000

17BC02 6203 17 40 12 1 4315 7355 16000

20BC02 04 20 47 14 1.5 6375 9805 16000

25BC02 05 25 52 15 1.5 6965 10690 13000

30BCO2 6206 g6 - vvez - 18 1P 9805 14710 13000

35BCO2 . 07 3k 79 17 2 13536 19615 10000

40BCO2 08 10 80 18 2 15495 22165 10000

45BC02 6208 45 85 19 2 17750 24910 8000 -

i ey B T e
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=
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55BC02 : I
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60BCO2 6212 &6 18 2 25 31580 40
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65BC0Z 13 & 1260 23 25 35715
7 125 2¢ 25 33220 L7070 5000

70BCOZ2 14 i0 125

75BCO02 6215 73 130 S 25 <133
80BC02 16 80 140 25 3 LI 353565 5000
7 &5 150 28 3 33450 8375 L0300

85BCOZ2 1

2
G
&
Pt
el
s:d
C
0

S0BCO2

I' 95BC02 1S 95 170 32 3.3 71100 82870 2000
1
| 9525 7145 3000
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G
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é
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[

(
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TACT BEARINGS
HOLUNG CON <023

e 18.7(b): Deep Groove Ball Bearings (Contd.) (Series 63)

Tabl

_ ﬂ(s) i & (6 @ ®
—opcos 6300 10 35 11 1 3570 6080 16000
198C03 01 12 317 12 1.5 4220 7550 16000
15BC03 - 02 15 42 13 1.5 5100 8580 16000
,7BC03 6303 17 47 14 1.5 6080 10300 13000
90BC03 04 20 52 15 2 7550 12260 13000
95BC03 05 25 62 17 2 10150 15985 10000

i 30BCO3 6306 30 72 19 2 14920 20990 10000
| 35BC03 07 35 80 21 2.5 16970 25300 8000
40BCO3 08 40 90 23 2.5 90990 31380 8000
45BCO3 6309 45 100 25 2.5 09925 40700 8000
50BC03 10 50 110 27 3 34720 47070 6000
55BCO3 - 11 55 120 29 3 41190 53940 6000
60BCO3 6312 60 130 31 35 47070 62270 5000
65BCO3 13 65 140 33 3.5 53450 71100 5000
70BC03 14 70 150 35 35 60800 79925 5000
75BC03 6315 75 160 387 3.5 71100 89280 4000
80BC03 16 80 170 39 3.5 78450 94140 4000
85BCO3 17 85 180 51 4 85810 101500 4000
90BC03 6318 90 190 43 4 96110 107870 3000
95BCO3 19 o5 000 45 4 107870 117680 3000
100BCO3 20 100 215 47 4 129450 135330 3000
IbeRGos gaa1 105 925 49 4 140240 140235 2500
s 110 040 50 4 160730 152980 2500
Bicas 24 e 260 55 4 162790 157890 2500

csgs 130 - 5 191230 173580 2500

' ik 00 62 5 215750 196130 2000

30 o 820 6 ° 249090 210840 2000
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Table 18.7(c): Self-Aligning Ball Bearings (Series 22)

Bearing Bearing d D B r Basic capacity,” May,
with with N permisgip),
cylindrical taper
bore bore mm mm mm mm Static Dynamic  Speeq
No.(SKF)  No. Co C revimin
(SKF)
(1) 2) @ @ () (6 (7) 8 (9
2200 10 30 14 1 1670 5540 20000
01 12 32 14 1 1960 5640 20000
02 15 35 14 1 2110 5740 16000
2203 17 40 16 1 2745 7500 16000
04 2204K 20 47 18 15 3825 9610 16000
05 05 K 25 52 18 15 4120 9610 13000
2206 2206 K 30 62 20 15 5390 11770 13000
07 07 K 35 72 23 2 7845 16180 10000
08 08 K 40 80 23 2 8825 16920 10000
2209 2209 K 45 8 23 2 9810 17140 8000
10 10 K 50 90 23 2 10490 17410 8000
| 11 11 K 55 100 25 25 12455 20200 8000
9212 2212 K 60 110 28 25 15300 25810 6000
13 13K 65 120 31 25 19610 33340 6000
b 14 - 70 125 31 25 21080 34080 5000
‘1 2215 2215 K 75 130 31 25 21575 4080 5000
!'-Et 16 16K 8 140 33 3 24520 37850 5000
B 17 17 K 85 150 36 3 29030 44620 4000
. 2218 2218 K 90 160 40 3 35550 53450 4000
.19 19 K 95 170 43 35 42170 63740 2000
.20 20 K 100 180 46 3.5 49030 76000 3000
2221 - 105 180 50 35 53840 8287 3000
22 222K 110 200 53 35 62270 96600 3000

L
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ROLLING 18.26

Tﬁble 18.7(d): Single Row Angular Contnet Ball Bonrings (Series 72 B)

¢ s e o ' L
.ISI' No. Be}g:‘){“g d D B r rl in i ‘I;\III"'IMLY‘ ptu'll:lil:l:llllu
(SKF) mMmm mm mm mm mm mm Static Dynamic upeed
: C; C rov/min
. @ @ @ e e mo® @  a  an
1sBA02Z 7202B 15 35 11 1 05 16 8680 G080 13000
17BA02 03B 17. 40 12 1 08 18 4460 7700 13000
20BA02 04B 20 47 14 15 08 21 6370 10150 10000
25BA02 7205 B 25 52 15 1508 24 7700 11280 10000
30BA02. 06 B 30 62 16 1.5 08 27 10790 15400 10000
35BA02 07B 8 72 17 2 1 31 14710 20590 8000
40BAO2 7208 B 40 80 18 2 1 34 18490 24520 8000
45BA02 7209 B 45 85 19 2 1 37 21180 27655 6000
50BA02 10B 50 9 20 2 1 39 28140 28440 6000
55BA02 . 7211 B 55 100 21 25 12 43 29175 36285 6000
: 60BA02 12 B 60 110 22 25 12 47 36285 42900 5000
| 65BA02 13 B 65 120 23 25 12 50 42410 49030 5000
70BA02 7914 B 70 150 28 3 15 63 44620 52470 5000
75BA02 ' © 15'B 75 130 25 265 1.2 56 49030 54430 4000
80BA0z . 16 B 80 140 26 3 15 B9 5G650 60800 4000
85BA0z 7917 B 85 150 28 3 15 G4 63740 69680 4000
90BA02 18 B 90 160 380 3 1.5 = 67 75760 81400 4000
95BA02 19B 95 170 32 35 2 71 85810 92670 3000
108803 “7op0'B 100 180 84 85 2 76 90710 98070 3000
105BA0z 21 B 105 190 36 35 2 80 101500 106890 2500
110BA0O2 99 B -110 220 88 35 2 84 112780 117689 2500
—_— e ———

Scanned by CamScanner



R —y

MACHINE DEg)gy

1826
Table 18.7(e): Single Row Angular Contact Ball Bearings (Contd.) (Series 73 )
{1) (2) (3) (4) (5) (6) (7) (8) (9) (10) ﬁ(-lhi‘r .1
17BA03 7303 B 17 47 14 15 08 21 7110 11283-15655
23 8140 13580 1000¢

20BAO3 04B 20 52 15 2 1
25BA03 05 B 25 62 17 2 1 27 12260 18930 10000
31 15840 24025 8000

2 1

30BA03 7306 B 30 72 19
35BA03 07 B 35 g0 21 25 12 35 20005 28050 8000

40 90 23 25 39 24910 34715 6000

1.2

40BAO3 08 B
1.2 43 33340 44620 6000

45BA03 7309 B 45 100 25 2.5

50BA03 10 B 50 110 27 3 1.5 47 40210 51485 6000

11 B 55 120 29 3 52 46580 59820 5000

55BA03 1.5
130 31 35 2 55 53450 69630 5000

60BA03 7312 B 60
60 61290 78450 5000

65 140 33 35 2

65BA03 13 B
2 64 72570 87280 4000

T0BAO3 14 B 70 150 35 3.5
160 37 35 2 68 80415 96600 4000

72 89240 102970 4000
3000

75BA03 7315 B 75

80BAO3 16 B 80 170 39 385 2
SSBAO3 17 B 85 180 41 4 2 76 98070 11150

ggBAO3 7318 B 90 190 43 4 2

200 45 4 2 84
2 90 149060 144650 2500

80 111500 120130 3000

122580 129250 2500

95BA03 19B 95

'J00BAD3 20 B 100 215 47 4
: 1053A03 7321 B 105 225 49 4 2 94 160090 153230 2500
unam 922 B 110 240 50 4 2 -~ 99 188780 168920 2500
d R e "
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!.
: 18.7(f): D ;
.Table 8.7(f): Double Row Angular Contact Ball Bearings (Series 33 A)

P

o ” D B r . .

Bearing Basic capacity,* Max.
‘No. N petmissible
SKF) mm'  mm  mm  mm Static  Dynamic ooy

B+ oy Co c
v o (8), (4) (5) ®) % ®8)

33024 15 42 190 15 9070 13730 10000

a1 47 222 15 12650 18930 8000
04 /‘ 20 52 222 . 2 13730 18930 8000
330p A 25 62 25.4 2 19615 26085 6000 -
06 A 30 72 30.2 2 27165 35300 6000
07A 35 80 34.9 2.5 35600 4_..'3640 . 5000
3308 A 40 90 36.5 2.5 44620 53450 5000
09 A 45 110 39.7 256 54;130' : .,65270 ' 4000

10A 50 110 444 3 72570, ©osoimo 4000
3311A 55 120 492 3 78460, (,8'5915" 4000
12A 60 130 54.0 3.5 9;5'30' : "58}.('170." e 3000
S B e esd | af e . UL 3000
3314A 70 150 g5 35 126156 . 186820 3000
15A 175 - 160 683 3.5 138080 140285 2500
1A 80 170 86.3 35 153965 157890 2500
e A &5 180 o & D N0 2500
- 4 205940 200150 2500
WA 9 190 JE.,———
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Table 18.8: Geometric Relations:

_(General proportions for Anti friction Bearings)
i D+d _D+d
m=""9 m 2
dp=03(D-d) 3 d d,=0.3(D-d)
: 8=0.15 (D-d):ﬁizl f s=0.15 (g;;}
z=4.2
ri=0.5r = S D-d
r=0.515db olo B=25°
D+d e
z=29 Angul tact beari
D-d ngular contact bearing
dm, mean diameter; B _D+d
| s, radial thickness N ——g dm = 2
. of races; TH r=0.25 (D -d);
Deep groove ball bearing dp, diameter of ball; 1 i ;--l _1 L.=1 or 1.5d;
z, no. of ball =0. -
s a 'UE‘U L, s=0.15(D-4d)
-ofe
Roller bearing
" hD
T le0d
< gl D+d :
TN .
H -d, dp=0.5H; h=0.3H; d=0.25(D—d)
vh r ERan Lr=16dr
3 2=~3.56 ( g s g J -
- %m Taper roller bearing &)
Thrust bearing :z_r
m
(=)
&
2
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18.13. SOLVED PROBLEMS :
Problem 18.1:

A bearing for an axial flow compressor is used to support a radial load
of 2500 N and thrust load of 1500 N. The service required for the bearing
is 5 years at the rate of 40 hours per week. The speed of the shaft is 1000
rpm. Select suitable ball bearing for the purpose. Diameter of the shaft is

50 mm. (Madras University)

Solution :

Given Radial load, F, = 2500 N-
" Axial load, F, = 1500 N
Life = 5 years at the rate of 40 hours/week
Speed , n = 1000 rpm.
Diameter of shaft = 50 mm

Since the bearing is subjected to radial and axial loads, angular contact ball
bearing is preferred than deep groove ball bearing. Let us select single row angular

contact ball bearing.
Generally the selection of bearing is based on its life, load applied on it, service

conditions etc. Here the selection of bearing is based on its “Dynamic Load Capacity”
which includes all the above parameters like life, load etc.

Now, Dynamic load capacity of the bearing is given by the expression as

1

B A Tk e
C=|—= | .P=| — x(VXFr+YFa)S
Lo Lo -

where P Equivalent load
V = Race rotation factor G o 3
= 1 (Assuming inner ring rotates and oute

I

T ring stationary)

X = Radial factor

F, = Radial load =2500N

F, = Axial load =1500N |

k = Exponent =3 (for ball bearing)

S = Service factor =1.5 (for' compressor)
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a

E To find out the values of “X” and “Y”, compare the ratio of (g—- J to the vz,
les
of “e” r

: For the available single row ahgular contact ball bearings 72B and 73B, the <,
| value =1.14 (from table 18.4) (PSG 4.4, JDB 20.8) ¢

F,
Za_1500 .6 <6 (1.14)
F,

500

S}

Hence X=1,Y=0 (from table 18.4)

YT T ————T TV, TR SR

’1 ~P = (1x1x2500+0x1500)1.5=3750N

' L = Life in million revolutions

i
B _ Life in hours xn x 60 _ (5 % 52 x 40) x (1000 x 60)
i i 3 10° 108

i

{" = 10400, 1200 x60 624 million revolutions
;[ii 10

H

'i i Ljo = 1 million revolutions.

i 1/3

i ~C = [f"%] x 3750 = 32050 N

For the shaft diameter of 50 mm, either 7210 B or 7310 B SKF ball bearing
(from tables 18.7(d), (e)) may be selected. The 7210B bearing is having the dynamic
_capacity of 28440 N and 7310B is having the dynamic capacity of 51485 N. Since
the selected bearing should have higher value of dynamic load capacity than the
caleulated value (32050 N due to given conditions), 7310B SKF Ball bearing may be

se_lg'étgd for the purpose.

02 v

:! 0y '_qul;hpt_"niethod of finding out the bearing using graph as shown in figure
-18.3 (PSG 4.6, JDB 20.11)

P alculate the equivalent Load P using

i v Y

. P=(VXF,+YF,) S=3750 N (As before)

=5 52 x 40.= 10400 hours

"""'ﬁ'l%i;.(‘Fig.‘ 18.3) find g ratio for the given life and rpm 35
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SRR s
= _.i’.,s_s_s (for 10400 hours and 1000 rpm)

. (6=8.56 3750 = 32100 N
; r.'-'Hgnc_B SKF 7310 B Angular Contact Ball Bearing may be selected.
problem 18.2:

e Selg:t a ;u.itable. deep groove ball bearing for supporting a radial load
ot: 10 . an ?n axial load of 3 KN for a life of 4000 hours at 800 rpm.
Se]e;q!.fmm series 63. Calculate the expected life of the selected bearing.

,‘_‘4 ‘ ‘ SFBES (MLK. University)
Solution 7|
E? Radial load, F,=10 KN=10000N
o Axial load,  F,=3KN=3000N
]‘_ﬂ_fe required = 4000 hours

 Speed, n =800 rpm
‘ Required bearing should be of SKF63 series. Since the desired life is 4000 hours,
: have more life than than or atleast equal to 4000 hours.

ected bearing should
e may select any one of the bearings from SKF63 series arbitrarily and

ar lta life with the required life.
l this bearing the static capacity, Co=47070N

select SKF 6312 bearing, For

o dynamic capacity, C _ 62270 N (Table 18.8(b)), (JDB 20.17)

* “3000 - ding ‘@ value =0.26 (From table 18.4)
=), onding ‘¢’ value

= 47070 0.06 and corresp . :

; =

' (PSG 4.4, JDB 20.8)

'e the radial and axial load factors are, X= 0.56, Y =1.65 (From table 18.4)

: t;iiirajent.load. p=(VXF+Y Fq) S
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Lot V=t (Assume inner ring rotation)

Then P (1 X056 X 10000 + 1.65 x 3000) 1.5 = 15825 N

Laite of this boaring,

e} [ 62270
[ 15825

) =61 million revolution
_o1x10®  s1x10%
S0xn  60XS800

Since the life of this bearing is less than our requirement, let us select a higher
capacity bearing.

Now let the bearing may be SKF 6316 bearing.
For this bearing, Cy=78450 N and C=94140N

1270 hours

F. 3000
Now == *—U 04 and the corresponding e=0.24
Ca 78450
. Fa L. .
Since -F—-=03>e X=056and Y=
: r

~ P =(0.56 x 10000 + 1.8 x 3000) 1.5 = 16500 N

g o & 3
B2 oo C) (94140 ) _ icx»
_ an llﬁ, L—[PJ _(—_16500 ) =185.73 m.r

_ 185.73x 10°
T 60x800

_’g.i;qu also the life of selected bearmg is httle Int lower, let us try for the life

= 3870 hours
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c ¥ 101500 Y
Life, L=(‘§ ] = (W ] =223.5 m.r

_ 223.5x10°

60 x 800 4656 hours

Since the life of SKF 6317 bearing i
rin ' . " i -
selected for the purpose. £l more Biap rcqunrgd g alsheanag le:

Problem 18.3:

OOO'I;IeT;adlal r:;action on. a bearing is 9000 N. It also carries a thrust of
5 . I'fe spee Of_ Sha-ft is 1000 rpm. The outer ring stationary. Expected
average life of bearing is about 25000 hours. The load on the bearing is
smooth, the service is 8 hours/day.

1. Select a suitable roller bearing.

2. What is the rated 90% life of selected bearing.
aring surviving

3. Compute the probability of the selected be
' (Anna University)

25000 hours.

Solution :
Radial load, F,=9000 N
Axial (Thrust) load,  F,=5000 N
Speed, n = 1000 rpm
= 25000 hours

Expected average life
ort a high radial and axial loads, taper roller

Since the bearing is to Supp ; ' »
bearings are preferred which are denoted by SKF 322 series. Alslo a suitable taper
roller bearing is selected by trial and error method similar to previous I?roble.m. That
is, by selecting a particular bearing, its life is compared with the required life. If it

is not suitable, then another bearing is selected and so on.

It is given that, expected average life = 25000 hours.

i 25000 + - Average life =5 X nominal life)
~. Nominal (or rated) life =—-—-5--'—5000 hours.  ( verag
2 pearing. (Refer table 18.7(h)), (JDB 20.29)

Now, let us consider 3221
- 8450 N and e = 0.41

- For this-bearing Co= 75710 N, C=17
X=04Y= 1.45 (From table 18.4) (PSG 4.4)

— —

F, 9000

Scanned by CamScanner



18.36 © MACHINg DEsig,

Now P=(VXF.+YF,8

Assume V=1 and S=12 for smooth operation and inner ring ratation,

Then P=(0.4x 9000 + 1.45 x 5000) 1.2 = 13020 N

s, k r la -3
i ' \ f T -
Now life L={ & | = [ 340 | _ g0 mur
Pi 110 |
\ / \ /
_398x10° _398x10°

B0xn —60x 1000 Dot nours

Let us try for 2 slightly lower capacity bearing, since the required life is aroypg
5000 hours.

Select 32211 bearing
For this bearing, Cy=61050, C=65115 and e =0.41

Since =2 - 5000
F, - 9000

=055>e, X=04,Y=145

- P=(0.4 x9000 + 1.45 x 5000) 1.2=13020 N

10

g rCY _(65115)3 _
Now, life, L_t P T—[ 13020 ) =214 m.r.
- 214%x10° o
=50 Toog = 3565 hours

Since this life is less than required life, the previous 82212 taper roller bearing
e can be selected

Its rated 90% hfe is known as Ljq life or nominal life which is nothing but
__we have calculated before.

L T _
, I{l/pm) ’ (PSG4.2, 8) 5 v

Scanned by CamScanner




G CONTACT BEARINGS
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i L = Required life in million revolution
25000 x 60 xn _ 25000 x 60
x 1000 _ 1500 m.r

— ————

FET | o 108
Lio= Calculated life of the selected bearing at 90% survival in million revolution.

i #3;»_}_’{9___._“2;’"-1999 = 1990 m.r.
1

p=1.17 for a median life 5 Lyg

1.
“[pm]‘l (09] 0.1053
ior (A) we get,

Now substituting the above values in the expression

A i
[ 2 (_1.) 1.17 ]

1500 _ -

1990 | 0.1053
1.17

1) (1500
., = =t 2 =0.076
' [p ] 1990_] x 0.1053

l 0076 : .__._1_._093
p =108, ~P=708

Probability of sumval for the selected bearing =93%

Problem 18.4:
A 6207 radial bearing is to operate in

Radial load of 4500 N at 150 rpm for 30
Radial load of 6750 N at 600 rpm for 10% o

Radial load of 2250 N at 300 rpm for 60% o
loads are steady, wh

the following work cycle.

% of time
f time
of time
at is the expected average

The inner-ring rotates, (Madras University)

life of the bearing.
SOLUTION :

Since the loads are variab
have an equlvalent effect produced by

To evaluate the cubic mean load,
ration as 1 minute. For this period of tlme, the

onding operating loads are tabulated as follows.

we should find out cubic mean load to

le with time,
ble loads on the bearing.

the above varia

the following method is adopted

Consider. the total period of ope
numl:uer of revolutmns and the corresp
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. _—-_-_-‘—‘-h-

Load (P) Cycle time Speed in Nl:rﬁ;;“&
in N ratio rpm. rev"lutiona
4500 (Py) 0.3 = (30%) 150 m

68750 (Py) 0.1 = (10%) 600 60 (ny
2250 (P3) 0.6 = (60%) 300 180 (o,
285 (x n)
-~
Cubic mean load can be obtained by using the relation as
148 (PSG 4.2, JDB
P? np + Pg ng + Pg ng 203
P = In

1/3
=[ (4500° x 45) + (6750238:-5: 60) + (2250° x 180) ] = 4420 N = (P)

Dynamic capacity (C) of 6207 bearing is 19615 N (Refer table 18.7(a))
Then, rated Ly, life of bearing

e i

T i m—

k 3
_(C Y _ (19615 _ L ;
L—[P] = [-——-—4 490 J =87.4 million revolutions.

ffi

Life in million revolutions x 10°
60xn

'Life'in_hours =

Bl Firen s i
_87.4x10° _
*___60x285 = 5110 hours

“Radial load  Axial load Cycle Time Speed in
& A N ratio rpm
3000 0.5 400
ST 0.3 650
1000 0.2 900

g loads are steady. Find the expected avgraﬁ:
Bt S g (Bangalore University
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Solution :
First the equivalent loads are detormi '
iine Tatios. are determined for the first, second the third cycle

For 6307 ball bearing Cy= 16970 N and C = 25300 N

To find equivalent load for first operating period : (Py)

Fa1 E 3000 0.18 )
_--CD =16970 = & and corresponding “e” value =0.33
(Table 18.4) (By interpolation)
Fa1 3000
d oy N 0.5>e and hence X=0.56, Y=1.3

Now the equivalent load, Py=(VXF,;+YF;;) S
Assuming inner ring rotation, and smooth loading, take V=1 and S=1.2
Then P;={(0.56 x 6000) + (1.3 x3000)] 1.2= 8712 N.

To find second operating equivalent load Py :

Since Fyo =0, We get
P, = F g x S="7500x 1.2=9000 N

To find third operating equivalent load Py :

Fas 1000 Fa3 1000 - 1
=——=0.25 a]]d—'—"="———'_'=0.06 and e=0.26
Fra Co, 16970

'-'Ea"<e,x=1,andY=D

Fr3
= Pz =[ (1x 4000) + (0 x 1000) ] 1.2=
and the correspon
t cubic mean load.

4800 N.
All the equivalent loads ding operating periods are tabulated

as follows in order to find ou
= Speed in

No. of revolution for

Load (P) - Cycle 'time 1 minute cycle
inl“N' rz;t-w r]:;m 4a2x3y
BTI2(Py) o5 | by
S 4 650 _ 195 (ng)
: 900 180 (ng)
4800 (P3) 0.2 matal 575 (X n)
Pl e
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Now, the cubic mean load

_ 1/3
- [P‘fﬂ;%—l’%ﬂz‘fpgnli]
m:

n]+n2+n3

1/3
000° x 195) + 4800° x 180 J — 8000 N

[ (8712° x200) + (3
b 575
Rated life of bearing,
C k
L=( P million revolutions
25300 Y _ 3, 63 I for ball bearing =3)
=( 5000 ) =31.63m.r (kior

31.63x10° 31.63x10° _
="60xrpm _ 60x575 e 17 s

R T T T I IR
——— - PRSI SV, SR R VT

r Expected average life of bearing
' _ 5 % Rated life = 5 x 917 = 4585 hours (Answer)

.\ Problem 18.6:
f a ball bearing is as follows.

The operating schedule o
Radial load of 1650 N at 2000
Radial load of 1140 N at 3300 rpm for 15% of time,

Radial load of 560 N at 1750 rpm for 35% of time and

rpm for 5% of life time,

Radial load of 445 N at 2200 rpm for 45% of the time.

' The inner ring rotates and the loads are steady. The life is to be 10
years at 2 hours per day operation. Select a suitable ball bearing.

2 o (Cochin University)
Solution: . _
The required life of the bearing in hours
: ~© =2x300x 10 = 6000 hours
(Assuming 300 working days per year)

SR Consider the period of operation as 1 minute. For this period the various acting
N ludﬂ and the number of revolutions are given in the following table. s
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Lf?adN(‘P_) Cyil:t:;mo Speed in Number of revolutions
B - rpm for 1 minute cycle. . -
o ' (2) (3) 4=2x3

et

1650 (Py) 0.05 = (5%) , 2000 100 (ny)

1140 (Pp) 0.15 = (15%) 3300 495 (ny)

560 (P3) 0.35 = (35%) 1750 613 (ng)

445 (Py) 0.45 = (45%) 2200 990 (ny)

2198 (Z n)

Now the cubic mean load

1/3
rP?nl-ir-Pgng-i*Pgn-e_+P3n4
Pm= Zn

i 3 3 3 3 178
[ (1650° x 100) + (1140° x 495) + (560° x 612.5) + (445 xgso)J
= 2198

=856 N =(P)
Since the required bearing is a ball bearing, from graph shown in figure 18.3(a), the

loading ratio (Q ] for the life of 6000 hours and the speed of 2198 rpm is given by

C : :
p=95 _ .

~C=95xP=9.5x856=8132N

Since the required dynamic cap
having more capacity than required. |
‘Since the diameter of shaft for fitting the bearing is not specified in the given
Droble'm, we can select either SKI' 6006 bearing whose C=10400 N or SKF 6204

whose C'=9805 N or SKF 6302 whose C=8580N
6302 bearing C Value =.858.0N

acity is 8132 N, we should select a bearing

Let the bearing selected may be

3
8580
=| == r=1007 m.
—[856 J m.r m.r

Kk
: . |
The actual life of this bearing, L-—(pJ

" : .
_1007x10_ _ 7649 hours (Answer)
=60 x 2197.5
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Problem 18.7 : -

The radial load on a roller bearing varies ag follows,

is acting 20% of time at 500 rpm and a load of 40 KN is actin 507
at 600 rpm. In the remaining time, the load is varying from 45 KNG of tigg,
linearly at 700 rpm. Select a roller bearing from NU22 serieg for-to -IUK.\'
atleast 4000 hours. The operating temperature is 175°C, (LLT ;0::}‘; of
’ ay)

Solution :
The bearing is to be selected from NU22 series, ie; cylindrical roller beanng
Life required >4000 hours.
Operating temperature of bearing =175°C
The loading diagram is shown in figure 18.7.

A
50 kN
40KN ===+
| |
5 I
s 1
: ; :
3 .
1
e, Ly an ot
]
]
| . »
L 20% |, 50% L 30%
Time
Fig. 18.7

time, a steady load of 50 KN is acting. For the second 50% ﬁm‘z
40 KN’ is acting, But in the remaining 30% of time, the loa
KN'to 10 KN linearly. Hence an equivalent steady load for the

:.ijn+2P1nax_10+(2x40)=
Al . 3

30KN
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Load (P) in KN Cycle time ratio Speed in rpm Number of revolutions

AR 0] g [ ; . : _ . for 1 minute cycle.

R, o ) U '
s+ 1) _ (2) v oi 28)i Frive 4)=(2)x (3) . -
i 5 0Py i 0.2=(20%) 500 © ¢ 100 (n,)
- ,‘ " . ’ ‘ 1
40(Pg) <7 0.5 =(50%) 600 300 (ny)
30 (P3) 0.3 =(30%) 700 210 (ny)

610 (Zn)

= 1/3
Ijllll'Fl?g]m2'Flzgll3 ]

Cubic meanl load, P, = =
. n

610
=39.5 KN =39500 N

1/3
[ (50% x 100) + (40° x 800) + (30° x 210) J

=l
. f .
r

The loading ratio Q required for 4000 hours and 610 rpm is obtamed from

3
figure 18. 3(1:!) (PSG 4.7, JDB 20.12), as
C
P- 4.5

~ C=45xP=4.5x39500 = 177750 N

Since the bearing is operating at 175°C, the dynamlc capaclty needed for
175°C = 177750 N

Also since the decrease in dynamic capacity at 175°C 1s 15% the dyna.m:c

capacity needed at room temperature = 1':]7;55 0 = 209120N

‘Hence select NU2222 bearing whose C value is 254170 N which is more than
Minimum requirement. (From table 18.7(g), JDB 20.27)

The life of NU2222 bearing,

. 10/3 2
| 2 [ c J“ =[ 254170 x 0.85 J ~ (5.47)13 = 288 m.r

P 39500

s 288 x 10° _ 288 x 10" - 7870 Sl (. "k for roller bearing' is 10/3)
60 X rpm 60 X 610 .

(or) me Bﬂph nhown in ﬁg-ure 18 3 (b), life for 610 rpm and o ratio of 547 is
appmﬁnafély 8000 hours. F Fege

[T :
Al
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Problem 18.8:
type ball pearing for the following data, T,

Select a suitable Conrad-
radial load is 7500 N and axial load is 4500 N. The shaft speed is 2000 i
and the Ly, life required is 4.9 % 10° revolutions. The inner ring of the
bearing rotates. (Anna University, May 2004)

Solution:
) Given:
Radial load, F,=7500 N
| Axial load, F, = 4500 N
| n = 2000 rpm

Speed of shaft,
L=49X 108 revolutions.

! Ly life required,
‘Conrad-type ball bearing’ which is nothing but

The selected bearing should be
‘Deep-groove ball bearing.

w, let us select the bearing from SKF 63 serie
bearing, Co=96110 N; C=107870 N

No s. Consider SKF 6318 bearing.

1
|
;s For this

|
{ F, 4500 _, :
{ : Now Ca 96110 ~0.05 and corresponding e value =0.25

‘ fsid F‘ ook
? Fy' 4800 065 o(=025)

Hence X 0. 56 Y i - 74 (From table 18.4)
"va]ent_load P (VXF +YFR)S

= Inner ring rotates)

: '_sume as service factor)
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Consider SKF 6319 bearing,
For this bearing, Co= 107870 N, ¢ - 117680 N
F, 4500
Now, _éi = 107870 = 0.04 and corresponding o = 0,94

AT N
Since 5= 0.6>e; choose X=0.66 and Y= 14 (From table 18.4)

P=(1x0.56 %7500 + 1.8 x 4500) 1.2 = 14760 N

k 3
4 C 117680 Y y
Lifa- of bearing, L = (f; ] = [ “i-_r,‘;-é(-;- ] = 506.8 m.r

= 5.068 x 10% revolutions

Since this bearing has more life than required life, SKF 6319 ball bearing may

be selected.
18.14. SHORT QUESTIONS AND ANSWERS :

1. Name a few applications of rolling contact bearings.

~Rolling contact bearings are employed in automobiles, agricultural
‘machineries, fans, motors, machine tools, aircrafts and so on.

2. Why are rolling contact bearing called as anti-friction bearings?

Since the friction produced in rolling contact bearings is very low and almost
negligible, these bearings are known as “Anti-friction bearings™

3. In what ways, rolling contact bearings arve differed from sliding
contact bearings?

(a) The sliding contact bearings are made integral with parent machine
whereas the rolling contact bearings are made separately and they can
be assembled with the machine whenever needed.

(b) The sliding contact bearings require more axial space and high
maintenance cost due to specialised lubricating oil systems whereas the
rolling contact bearings require less axial space and low. maintenance

" cost due to simple oil systems.

: H ‘:ﬁ fy the materials by which the rolling contact bearings are made?

,-;-’g.*‘.;--.:f:gﬁan-i ‘o contact bearings are made of high carban chromium steel that is
* through hardened to Rockwell €58 - 63. x X
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. According to Society of Ay
. classified as light series be

for example 312 ye resent megi, - the by
“whose bore diameter is 60 mp, 4 " a: ~

: ~ diameter, BC type, light duty,
2 ,»5&3«_ to SKF (SKEFKO) company,

ep g bearing whose pyy,
: - . For example, 6210 represents deep groove rwm_
MME.ES.. is .m%a.s. ie. here also, the last two digits represent the b

8.

o
ey E,..Ea&cu
At e B
e oaviag, Siace’the dbors property 55

‘What factors u—.EﬂEﬁVob noaum&a-dm when selecting rolling bearings?

e &.( Bu.n components of rolling bearings?
I‘I 7 . B * /

ring.
. : : ts such as (i) outer
e rollis ings consist of four components such
ﬂ_ﬂu&% gmm“uwuurane_.—ai Qtu%h.

g wbias e i

. M
How are rolling bearingy designatedr Hivg amgf

_ac_:.sn bearings are
manufacturers and eq
carrying capacities,

designateq in

different.
mmittee membery

tomotive Engincerg

ATIngS which g u,rhM.“_,vr_. the e,
medium series bearings starting wi Y the

2 - th the number 30
bearings with 400 mm, in which the last two digigs c:“m
diameter in multiples of 5 m _

ingy ar
My &am

According to Anti-Friction Bearing Manufacturi
International standard organisation (ISO) and Indian Standards (1g, bearia,,
are designated by their bore diameter followed by the type of _xea%,_._“m
type of duty. For example, 30 BC 02 represents the bearing g

wmu?amu are designated by

differeny
numbers of their own method such as 62,64, 72 B, NU 22,

NA 49 and

diameter in multiples of 5.

a) Space availability
b) Type and amount of load,
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14,

At clevateq
tumperntu J
nnd thyg their dynnmi?:;nt:u :
16. Write short

tatic load ratin,
g
asic dynamie load rating
Mg ON & non-rotagip,

f::-,)d Basic static long rating is the load actj
er which a permanent deformation should appear in balls or rfmb:nnn.
2 . oy,

(b) Basic dynamic load rating is
the actual or real loag a

rolling coutact bearing during running conditions. It js m;:::n:n n
constant stationary load which a group of apparently identi h-‘
with stationary outer ring can endure for a rating life of ane mip;

revolutions of the innerring. "

16. Define the equivalent load.

Equivalent load is defined as that constant stationary radial load,which, is
applied to a bearing with rotating inner ring and stationary outer ring, would
give the same life as that which the bearing would attain under the actual
condition of load and rotation. This equivalent load can be expressed as

P=(VXF,+YF,)S : ;

where P= Equivalent load, V= Race rotation fackar |

- . Fy=Radialload, Fy=Axialload . .,
k=n;xdinlmramr, Y=Axial load factor

S o T D Harvice fiEtDe

18.15. REVIEW QUESTIONS AND EXERCISE PROBLEMS: iding cons
A 4-.1; T-i;(ihnt. Vr‘espeds‘ rollin g contact bearings are proferred to liche

 niitction bearings for 8 partied”
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10. From 6308 series, the load varies as follows.

. . " __-_-_--—-‘-
Radial lond (kg)  Axial load (kg) Cycle time ratio Speed in rpm
600 300 0.5 400
750 - 0.25 630
400 100 0.256 1000
Find the expecting life of bearing. (Madras University)

11. A load on a radial bearing varies as follows. A load of 5000 kgf is acting
20% of time at 100 rpm. and load 4000 kgf is acting 50% of time at 50 rpm,
In the resting percentage time at 200 rpm, the load varies from 4000 to
1000 kgf linearly. Select a roller bearing from NU 23 series for a life of
at-least 4000 hours. The environment temperature is 150°C.

12. Select a suitable Conrad-type deep-groove ball bearing for the following data.
The radial load is 7500 N and axial load is 4500 N. The shaft speed is

2000 rpm and the Ly life required is 7.2 x 10% revolutions. The inner ring
of the bearing rotates.
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