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Session OQutcomes

* Discuss bearing constructions, materials and
lubricating oils

e Describe failure mechanisms of hydrodynamic
bearings

* Compare Sliding-contact and Rolling-contact
bearings

* Explain different types of mechanical seals
 Static
* Dynamic
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Table 16101 Bearing paramesers

- ~ \O" Length o dieneter ratio . \ &

The loagth-to-dismeter ratio (4if) affects the m(mn;m\u nl‘ l;tt bearing. A long beanng has mare load careying
capactty compared with & short bearing A short bearing, on the other haad, has greater side flow, which improves

heat drssipation. The long beanngs are mare susceptible 10 metal-10-metal contact at the twa edges. when the shaft is |
setrecied under load The leager the bearing, more difficalt o is o get sufficient oil flaw theough the passage between
ihe jeurnal and the bearing. Therefore. the dessgn trend is to use (/) ratio-as 1 or less than | When the shaft and the
nearing are precisely aligned, the shafl deflection is within the limit and cooling of lubricast and bearin e

peesent o senous problem, the (1) ratio can be taken as more than 1. In practice, the (Vd) ratio vanes 0.5t 20,
st o the majonty of appacations, o s taken as 1 or less than |

L s [| W
e (Uit beartog pressure - -
The wit beanng pressure (p = Wid) is the per umil of progected of the ) ai runmng condition.

depends upon mumber of factoes, such as bearing material. operating temperature, the natare and fregquency of Joad
and senve condibions. |

Application Unit bearing pressure ()
e (MPa or N'mm’)

(1) Diesel zngimes:
Main bearing 510
Crank »in 7-14
Gudgesa pin 1314

(1) Auwtomotive engines:
Main beanng 34
Crank pin 10-14

{18} Air compressors:
Main tetnng 1-1.5
Crunk pin 15-30

(1v) Cemrifugal pumps
Maia boeritig 05-07

(v) Electric motors
Mam bearing 0.7-1.5

[ 4

(vi) Transmission shafting:
Light duty 015
Heavy duty 100

(vii) Machie tools
Main beanng 2

ey i

Ihe usit beaning pressur: for starting conditsans s
shaft s statsonary. It maialy consists of the dead weight of shaft

I'he start-up boad 13 st load when the '
chments. The start-up load can be used 1w
 desermanc the mismimen eagth of the bearmg on the basss of stating coaditions

(Comnd )

Sieing Caneoct Bearings 16,55
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(Contd.)

journal radins o1

Radial clearance

The radial clearance (¢) should be small to provide the necessary velocity gradient. H(_)wever. this requireg cost
finishing operations. rigid mountings of the bearing assembly and clean lubricating ol w.nhout any foreign Particle,
This increases the initial and maintenance costs The practical value of radial clearance is 0.001 mm per mpm Ofthé

\ ¢ = (0001 r !9—*’

The practical values of radial clearances for commonly used beggng materials are as follows

Material
Babbitts

_ﬂ"-b

Copper-lead

—

Radial glenmce (c)

(0.001) rto (0.01) r

Aluminium-alloy

e

(0.002) r to (0.0225)r

(Afiaimum oil film thicknesd

(ho I

|

C),O’Jd.oooz)r

| The surface finish of the journal and the bearing is governed by the valug qf th&!'lnlmbrrlc.)|l film thickness (h,)
selected by the designer and vice versa. There is a lower limit for the minimum oil film thickness, below whjc,
metal-to-metal contact occurs and hydrodynamic film breaks. This lower limit is given by,

Maximum oil film temperature

=

. for bearings made o

f babbitts_

SPCE-MED

The lubricating oil tends to oxidise when the operating temperature exceeds 120°C. Also. the surfafe of babbjn
bearing tends to soften at 125° C (for bearing pressure of 7 N/mm?) and at 190° C (for bearmg pressure of 1.4 N/mm:=
Therefore, the operating temperature should be kept within these limits. In general, the limiting temperature 1




Numerical Problem

A full hydrodynamic bearing operates under following
conditions:

« Radial load =50 kN

Journal diameter = 150 mm

Bearing length = 150 mm

Radial clearance = 0.15 mm
Minimum film thickness = 0.03 mm
* Viscosity of lubricant = 8 cP

What Is the minimum speed of operation for journal to work
under hydrodynamic conditions?
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[ Steel
Qil hole— Oil hole— backing

(a) Solid bushing (b) Lined bushlng

_ (AN 22,
(d) o NN S %
m & ; : ‘ Oil bath
(f) (9) (h)
Developed View of oil-groove Patterns Qil-ring bearing
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Ref: Bhandari V.B., Design of Machine Elements (2017) 6
Credits: NPTEL course by IIT Kharagpur



QUIZ Bearing with Longitudinal Groove

The journal bearing may have circumferential or longitudinal oil
grooves. Which of the following is TRUE about a bearing with

longitudinal groove? o

1) Lesser load capacity than circ. grooved bearing «— 5%

2) Susceptibility to oil-whip vibrations L/

3) Both1and2are TRUE}O

SPCE-MED 7



&4\‘0 Bearing Material — Desirable Properties
S

rH ‘f Tcompre55|ve strength
. Should not INW F’ l)tOJournaI body @
* |f loads are fluctuatlng, additionally good | &ndv? ’strength

L\ y
is required o
e Bearing materials should be §0ﬁ1/§" as compared to v

journal

* If any hard dirt particle enters/lubricant, ing material

should allow the particle to gt emLedu! in order to prevent
—_— ]
continuous damage e mbedsb "D

* For high temperature service,\where the oil may get
OX|d|ze bear| o material should have @noér» resistance.
>7

. Bearmg : shoul ave the ability to nd
‘adopt its shape to that of journal

SPCE-MED



Important Bearing Materials

Babbitt or White metal
* Tin-based or Lead-based
* Available in 10 grades for different applications
* Excellent conformability and embeddability
* Unsuitable at higher temperatures and have poor fatigue strength

Bronze
Copper-Lead
Tin-Aluminium

Non-metallic
* Graphite
* Teflon
* Rubber

Sintered metal bearings
* Porous and hold oils up to 20-30% of its volume
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Lubricating oils

* Desirable properties—
* Less sensitive to temperaQy{viscosity change

e Chemically stab &/
* Sufficient'specific heat for heat removal
* Types of oils Chom ically skabl ]
. Wice ¥ ‘*a— vistod 1&g
* Mineral < e
Legs Ao o

: 1 &

Vegetable/AnlmaIdb\f”ﬂyﬁ> sordage > g H%irvyw

\ : ' ayro

wﬂl‘ﬂ/"" Y - ) o({
\Tswsr'ﬂw oX mﬂl\r\l\‘“

Jeng- belter
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QUIZ Mineral Oil Lubricants

Which of the following is a NOT feature of mineral oils?

1) LesS tendency to oxidise and form acids

-

2) Maintain viscosity at higher temperatures /

3) Provid\e}v@nge of viscosity

SPCE-MED 11



Abrasive wear
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*(Abrasive wear/

_~* Wiping of bearing surface
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e Corrosio

e Distortion
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Qb«\@* Sliding vs Rolling contact Ao are
g bearings 9) 'I ot b7
6 ’ g 5 Hidrodefe

(
4,.

ﬂs d)\l ]R B”h)ad Characteristics of Bearings:

(a) Hydrodynamic Bearing (b) Hydrostatic
Bearing (c) Rolling Contact Bearing

Sliding Contact Bearing
Suitable for| load and speed

Swbadp, . for shock loading

—

A arge,) value of starting torque
~—"— -

amount of operating friction IosE__es, —M”‘L amount of operating friction losses
JLL?/::MaoILal@nd _levye axial space | m@and M{m
Lubric:ation system is | M@ Lubrication system is ,' S glgg
Shaft axis is M’Tt bearing axis Shaft axis is ﬂ”@\"/’?t bearing axis
& noise M noise
_H“{L cost Ler cost
SPCE-MED 13

Ref: Bhandari V.B., Design of Machine Elements (2017)



Mechanical Seals

Mechanical Sea

Is

Metallic

" Non-metallic

Reading material: Myer Kutz (ed.), Mechanical Engineers’ Handbook, Vol.1, Chapter

SPCE-MED

T ol

Axial or
mechanical face

Packings/Stuffing
box

Radial Lip

33 (2006)

Labyrinth

Viscoseal

Reciprocating
shafts

Packing

Diaphragm

Piston rings




Static Seals
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MP connection nozzles |
in heat exchanger "
&
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Static Seals uoprtisun < Thas
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Mechanical Face Seal
‘-"] | | E/ | - | )

. outside

\S‘rah’ona‘m face with O~Tl‘nﬁ

L Primoary sealing Suv face,

( Lapped togthery o 4 micren
: surface
Anish )
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Radial Lip ¢ bow

g 722

G 14,{/—— éi‘g@f”’« . Sealed fluid
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Summary

Bearing constructions
* Solid
e Lined
* Qil groove constructions

e Bearing Materials
e Desirable properties
* Babbitt, Bronze, Copper-Lead, Tin-Aluminium, Non-metal

e Lubricating oils
* Desirable properties
* Mineral and Vegetable/Animal oils

* Failure Mechanisms
e Abrasive wear
* Wiping of bearing surface
* Corrosion
* Distortion

* Compare sliding and rolling contact bearings

e Mechanical Seals
* Static
* Dynamic



