BEARING & LUBRICATION






FUNCTION OF A BEARING

* The main function of a rotating shaft is to transmit

power from one end of the line to the other.

— It needs a good support to ensure stability and
frictionless rotation. The support for the shaft is

known as “bearing”.

* All bearing are provided some lubrication arrangement

to reduced friction between shaft and bearing.



Rolling Contact Bearings — load is transferred through rolling

elements such as balls, straight and tapered cylinders and spherical
rollers.

Journal (sleeve) Bearings —load is transferred through a thin film
of lubricant (o1l).



Rolling Contact Bearings

Load is transferred through elements in rolling contact rather

than sliding contact.
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Journal (Sleeve) Bearings

Load 1s transtferred through a lubricant in sliding contact

sleeve bearing

r

(b) Shaft rotating slowly _
(@) Shaft stationary - metal contact - boundary lubrication () Shaft rotating rapidly
- forces and centers in line - contact point leads centerline - hydrodynamic lubrication
- no metal contact
- fluid is pumped by shaft

- shaft lags bearing centerline
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Thick-tilm lubrication (hydrodynamic), pressure distribution, and
film thickness.

h_. = minimum film thickness, ¢ = radial clearance, ¢

min

= eccentricity




Bearings are selected from catalogs, before referring to
catalogs you should know the followings:

* Bearing load — radial, thrust (axial) or both

?

— R % Thrust load

%

Radial load Radial load

* Bearing life and reliability
* Bearing speed (rpm)

* Space limitation

* Accuracy



I. Ball bearings

* Deep groove (Conrad) bearing

* Filling notch ball bearing or maximum capacity
bearing

* Angular contact bearings (AC)
2. Roller bearings

* Cylindrical bearings

* Needle bearings

* Tapered bearings

* Spherical bearings
3. Thrust bearings

4. Linear bearings



Deep groove (Conrad) bearing
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* Load capacity is limited by the number of balls

* Primarily designed to support radial loads, the thrust
capacity is about 70% of radial load capacity



)

Filling notch or maximum capacity ball bearings

Bearings have the same basic radial construction as Conrad type.
However, a filling notch (loading groove) permits more balls to
be used.

!

(1)
Decp groove Filling notch

* Radial load capacity 1s 20 — 40% higher than Conrad type

* Thrust load capacity drops to 20% (2 directions) of radial
load capacity.



3. Angular contact bearings (AC)
The centerline of contact between the balls and the raceway is
at an angle to the plane perpendicular to the axis of rotation.

Thrust face

Extra support
in the back

—
Direction Contact
-~ angle
of thrust

. Used for high radial and thrust load applications




Roller bearings have higher load capacity than ball bearings, load is
transmitted through line contact instead of point contact.

Straight cylindrical roller Needle type

Mechanically Greased retained Caged With inner race

retained rollers rollers



Tapered bearings
Designed to withstand high radial loads, high thrust loads, and

combined loads at moderate to high speeds. They can also withstand
repeated shock loads.
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Spherical bearings

Bearing design uses barrel shaped rollers. Spherical roller bearings
combine very high radial load capacity with modest thrust load capacity
and excellent tolerance to misalignment.

T beoring number | nominal bearng dimensions | otr |t
mm inch :::T‘. inch III!II

355022
405022
455022




Ball thrust bearing Roller thrust bearing

Inner ring

Outer ring




Spherical Thrust Bearings

Cylindrical
Thrust
Bearings
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HOUSING BORE




Roller bearing cam follower

Spherical rod end

TREAD

Wear-resistant high
carbon steel with
hardened outer shell
(Rc 55-60) and tough
inner core.

BEARING

Tough tapered roller
bearing lubricated
for life.

SEALS

Special design to

retain lubricants and
protect races from
damaging contaminants

[Load runners (1dler-rollers)



Ailrframe control bearings — designed to meet the specific needs
of the airframe industry, meets military and national standards.

Designed to carry heavy static Track rollers, withstand heavy
load and will also handle rolling loads.

oscillation or slow rotation.



Pillow Block Flange

Common mounting, inner ring Alternative method, ner ring is Two-bearing mounting
held in position by nuts threaded press fitted onto the shaft.
onto the shaft.



If a bearing is clean, properly lubricated and mounted and is
operating at reasonable temp., failure is due to fatigue
caused by repeated contact stresses (Hertzian stress)

Fatigue failure consists of a spalling or pitting of the curved surfaces

M

Spalling — crack initiates below the curved surface at the
location of maximum shear stress, propagates to the surface
causing surface damage.

Failure criterion — spalling or pitting of an area of 0.01

1n2, Timken company (tapered bearings)



Life — number of revolution or hours of operation, at constant speed,
required for the failure criterion to develop.

Rating Life — detines the number of revolution or hours of
operation, at constant speed, in such a way that 90% of the bearings
tested (from the same group) will complete or exceed before the first
evidence of failure develops. This is known as L, life.

For ball bearings and spherical bearings:
L,,= 500 (hours) x 33.33 (rpm) x 60 = 10° = 1 million revolutions

For tapered bearings manufactured by Timken:

L,,= 3000 (hours) x 500 (rpm) x 60 = 90 x 10° = 90 million revolutions

Basic Dynamic Load Rating, C — constant radial load that a
group of bearings can carry for L , life.



L,,=(C/F)", a=3 forball bearings and @ = 10/3 for roller bearings

F = applied radial load

Cip (Lgng60)'/* = Fp (Lpnp60)'/

catalog rating desired speed, r/min
rating life in hours desired life, hours

rating speed desired radial load, Ib or kN

Snlving for C”] giVES

Lpnp60\ '
Cio = F ( php
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Select a deep groove ball bearing for a desired life of 5000 hours at
1725 rpm with 90% rehability. The bearing radial load 1s 400 Ib.

"Lpnp60\ ' [5000(1725)607""*
Cio= Fp| —— =400 | ——————— = 32111b = 14.3 kN
< R ( L xn z60 ) 106
Fillet  Shoulder Load Ratings, kN
Bore, oD, Width, Radius, Diameter, mm Deep Groove Angular Contact
mm mm mm mm ds dy C Co C Co
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It a machine 1s assembled with 4 bearings, each having a reliability of
90%, then the reliability of the system is (.9)* = .65 = 65%. This
points out the need to select bearings with higher than 90% reliability.

The distribution of bearing failure can be best approximated by two and
three parameter Weibull distribution.

L
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C,, 1s the catalog basic dynamic load
rating corresponding to L, hours of
lite at the speed of n, rpm.
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Two parameter Weibull distribution for
tapered bearings



Select a deep groove ball bearing tor a desired life ot 5000 hours at 1725
rpm with 99% reliability. The bearing radial load 1s 400 1b.

For 90% reliability
C,=143kN =—> 30 mm Bore deep groove bearing

Use 99% reliability, R = .99

P { (Lpnp/Lgng) }”" ;
B R e e e ——— i
0.02 + 4.439[In (1/R))/1-483) =237 kN
| Fillet Shoulder Load Ratings, kN
Bore, oD, Width, Radius, Diameter, mm Deep Groove Angular Contact :
om  mm  mm mm ds dy c Co c ¢ Selecta 3> mm bearing

instead of 30 mm for
90% reliability
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Load Direction and Name

+ Radial load
. (radial direction)

Axial load
(axial direction) =i




Ball and roller bearings

* Frictional resistance considerably less than in plain
bearings

* Rotating — non-rotating pairs separated by balls or rollers

* Ball or rollers has rolling contact and sliding friction is
eliminated and replaced by much lower rolling friction.

* In plain bearing the starting resistance is much larger than
the running resistance due to absence of oil film.

* In ball and rolling bearings the initial resistance to motion is
only slightly more than their resistance to continuous
running.

* Hence ball and rolling bearing are more suitable to drives
subject to frequent starting and stopping as they save
power.

* Owing to the low starting torque, a low power motor can be
used for a line shaft running in ball bearing.



Types of rolling bearing

* Single row deep-groove ball bearing:

— Incorporating a deep hardened raceway which makes
them suitable for radial and axial loads in either
direction, provided the radial loads are greater than
the axial loads.

* Single row roller bearing:

— Roller bearing have a greater load-carrying capacity
than ball bearing of equivalent size as they make line
contact rather than point contact with their rings.

* Not suitable for axial loading, cheaper to
manufacture, used for heavy and sudden loading,
high speed and continuous service.
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The ball and roller bearing consists
of following parts:




Convention
Often unsuitable!

-

Unidirectional
unless used
In poirs
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(@) Double-row self-algning (b) Single and double-row
ball beaing roller bearing




Types of Bearings - Presentation Transcript
1. ROLLER BEARINGS

2. Bearings are used to support rotating shafts and are classified according to the
direction of the main load. Axial bearings are designed to withstand axial thrust.
Radial bearings are designed to withstand radial loads.

3. Bearings types: A bearing is constituted by an inner and an outer ring. Between
them a series of rolling element is found. Sometimes a fourth element (cage) is
present to keep the rolling elements in their position. Rolling elements can be
spheres (ball bearing) or cylinders (cylindrical roller bearings).

4. Deep groove ball bearing
Good capacity to withstand radial and axial loads
May be of sealed type
Available in a wide range of build precision
Low cost
Moderate tolerant towards misalignment



5. Angular contact ball bearing
Increased capacity to withstand axial loads

Coupled with another bearing of the same kind can withstand high bending
torques

6. Self aligning ball bearing
Very good capacity to tolerate misalignment
Can't withstand axial loads

7. Cylindrical roller bearings
High radial load
Can't withstand axial loads

8. Needle roller bearings
9. Taper roller bearings
High radial load

High axial load in one direction

10. Thrust bearings Needle roller thrust bearing Taper roller thrust bearing
Cylindrical roller thrust bearing Thrust ball bearing



Bearings reduce friction either by using hard smooth balls or rollers, and a
smooth inner and outer surface for the balls to roll against or by introducing a low
friction surface between the surfaces. These balls or rollers "bear" any loads
which they may be subjected to thus allowing the bearing to rotate smoothly.



Radial Load
( weight of car |

Tapered roller bearings

Thrust Load
{ comering forces )

£ 2000 How SR Works




There are many different types of bearings used, all have benefits and disadvantages to
them and so are used for different purposes and in different circumstances.

Ball Bearing

A ball bearing uses a ball to rotate and move the load. Ball bearings are cheaper than
other bearings used such as cylinders in roller bearings and have high accuracy. When
moving lighter loads ball bearings do not have as much friction as roller bearings, and
can support radial and axel loads. Radial loads are perpendicular to the shaft and axel
loads are parallel.

Roller Bearing

Roller bearings use cylinders instead of balls and usually have a larger diameter. Roller
bearings can support radial loads, usually of a higher capacity than ball bearings can,
but have higher friction with axial loads. Roller bearings are commonly used in rotary
appliances and in machinery.

Thrust Ball Bearing

A thrust ball bearing consists of two steel washers with balls situated within them. They
are mostly used for low speed appliances and can't handle heavy loads, for example
they can be found in swivel bar stools and turn tables.



Taper Roller Bearing

Tapered roller bearings are used to support large radial and thrust loads. It consists
of a series of tapered or conical rollers held in a cage between inner and outer
bearing tracks. They are used in many car hubs. The disadvantages to taper roller

bearings are that they are usually quite expensive and they add more friction than a
ball bearing.

Needle Bearing

Needle bearings are similar to roller bearings but the cylinders are thinner and
longer like needles. These are used sometimes as they reduce the friction of the
rotating surface. Needle bearings are used in engines and engine parts and
transmissions; the drive shaft of a rear wheel drive car has at least 8 needle
bearings.


















Advantages and disadvantages of
the plain bearing

* Plain bearing are cheap to produce and have
noiseless operation. They can be easily
machined, occupy small radial space and have
vibration damping properties. Also they can
cope with tapped foreign matter.

are they require large supply
of lubricating oil, they are suitable only for
relative low temperature and speed; and
starting resistance is much greater than
running resistance due to slow build up of
lubricant film around the bearing surface.






® Collar thrust bearing



* Journal bearing - in this the bearing pressure is
exerted at right angles to the axis of the axis of the
shaft. The portion of the shaft lying within the bearing in
known as journal. Shaft are generally made of mild
steel.

* Foot step or pivot bearing — in this bearing the
bearing pressure is exerted parallel to the shaft whose
axis is vertical. Note that in this case the end of the
shaft rests within the bearing.

* Thrust bearing — in this bearing supporting pressure is
parallel to the axis of the shaft having end thrust. Thrust
bearing are used in bevel mountings, propeller drives,
turbines, etc. note here the shaft ,unlike foot-strep
bearing passes through and beyond the bearing.

— Thrust bearings also known as “collar bearing".



Journal bearing

* Simple journal or solid bearing

— It Is simply a block of cast iron with a hole for
the shaft providing running fit. An oil hole is

drilled at the top for lubrication.

—The main disadvantage of this type of
bearing are

— There Is no provision for wear and adjustment on
account of wear.

— The shaft must be passed into the bearing axially, i.e.
endwise.

— Limited load on shaft and speed of shatt is low.






90% by greases







Contamination may

cause bearing failures.

Seals protect to a large

extent from outside contaminations.

Contamination penetrating through
labyrinth channels.

Grease pump

Frequent relubrication is required when

the hazard of grease contamination exists.
Same applies if the grease should seal also
against penetrating moisture.

Newly supplied grease pushes out both
used up and contaminated grease
through the labyrinth packing seals.




Small bearings with lateral seals or cover plates do not
need any relubrication. They are already for - life lubricated.

For all other roller bearings relubrication intervals become valid.



Example: A deep-groove ball bearing with an internal diameter
t d= 100mm running at a speed of n = 1000 rpm. The operating
temperature lies between 60 and 70 °C.
Which is the expected relubrication interval ?

Lubrication interval,
given by service hours 10000

ty, 6000 The vertical in point n= 1000 rpm on the abscissa

4 000 cuts the curve for d= 100mm. From there the horizontal leads
to the outer left-hand scale (deep- groove ball bearings)

4999 indicating a relubrication interval of 10000 service hours

2 000
1 500

1000

40

500 250 50
t, = radial ball bearing 500 420 360 2B0 240 200 160 120 100D B0 0]

¢, = cylindrical rofler bearing / needle bearinko0 200 500 1000 2000 5 000 10 000
t,. = self aligning roller bearing / taper rolling bearing / axial roller bearing » n [U/min]
massive cylindrical roller bearing (0,2 t), axial cylindrical roller




Lubrication interval
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Deep groove ball bearings with increased clearance required at:

high temperatures > + 200 °C
high temperature variations

low speed



