Machine Design 11 (
MEC -602 )

* COl1: Analyze the stress and strain on mechanical
components.

 CO2: Demonstrate knowledge of basic machine elements
used in machine design.

* Design machine elements to perform functions in order to
obtain desired objectives under various operating
conditions.
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Plain Surface Bearing

Bearing
Type

Plain
Bearing

Short Description

Description | Friction Bearing Velocity | Life Span
Stiffness

Rubbing Dependson  Good, Low to very  Low to very
surfaces, materials provided high high -
usually with  and wear is low, depends
lubricant; construction but some upon

some e.g., PIFE  slackis application
bearingsuse  has normally and
pumped coefficient present lubrication
lubrication of friction

and behave ~0.05-0.35,
similarly to depending
fluid upon fillers
bearings. added




[L.ubrication Mechanisms

A given bearing system can operate with any of three
types of lubrication:

Boundary lubrication:
*Mixed-film lubrication:

*Full-film lubrication:




STRIBECK CURVE
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The Bearing Design Task

Design of a plain surface bearing demands

‘Whether full-filmm hydrodynamic lubrication can be
achieved with its advantages of low friction and long
life. Or will the shaft operate in the bearing with
boundary lubricatione

‘What materials will the bearing and the journal be
made from?e

‘What dimensions will be specifiede
‘What lubricant should be usede




Bearing Requirements

Magnitude, direction, and degree of variation of
the radial load.

Magnitude and direction of the thrust load, if any.
Rotational speed of the journal (shaft).

Frequency of starts and stops, and duration of idle
periods.

Magnitude of the load when the system is stopped
and when it is started.

Life expectancy of the bearing system.
Environment in which the bearing will operate.




Design Decisions

Materials for bearing visa vis shaft

Diameter & tolerances

clearance

Ra of Journal and Bearing

Length of the bearing

Method of manufacturing the bearing system

Type of lubricant to be used and the means of supplying it

Operating temperature of the bearing system and of the
lubricant

Method of maintaining the lubricant cleanliness and
temperature




Analyses Required

Type of lubrication: boundary, mixed-film, full-film
Coefficient of friction

Frictional power loss

Minimum film thickness

Thermal expansion

Heat dissipation required and the means of
accomplishing it

Shaft stiffness and slope of the shaft in the bearing




BEARING MATERIALS

Bronze (88% copper & 12% tin)

Babbitt

Aluminum

Algle

Porous metals: Sintered from powders of bronze,

iron and aluminium:; some mixed with lead or
copper.

Plastics (nylon, TFE, PTFE, phenolic, polycarbonate,
filled polyimide)




Diagram of the multilayer
soft metal bearing
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Fatigue life as a function
of babbitt layer thickness

Bimetal

Layer thickness




Design requirements

Compressive Strength
Fatigue Strength
Embeddabillity
Compatibility
Corrosion resistance
Conformabillity
Wettability




Properties Continued...

High thermal conductivity
Low thermal expansion
Low coefficient of friction
Relative hardness
Availability

Cost

Elasticity

Availability




Commonly used Bearing
Materials & their Properties

Material Load Capacity | Maximum | Compa | Conform | Embeda | Corro | Fatigue
Operating | tibility | ability sion | Strengt
Temperat Resist | h

ure ance

Tin Based 5.5t010.3 149°C 1 1 1 5 5
Babbit

Taadl 5.5t08.3 149°C 1 1 3 5 5
Based
Babbit
Copper 103t017.2 1770C 2 2 5 3 3

Lead

1 =Highegt Range
Lead 5 _ Loweég'%{tarzge

L Bronze

232°C 3 4 4 2 2




Applications of different
materials of plain bearing

« Cast Bronze: It possesses a good combination of
properties for such uses as pumps, machinery, and
appliances.

« Babbitt: Because of their softness, babbitts have
outstanding embeddability and resistance to seizure,
and are often applied as liners in steel or cast iron
housings.

« Aluminum: With the highest strength of the
commonly used bearing materials, aluminum is used
INn severe applications in engines, pumps, and
aircraft,




Continued....

« Zinc: Used during operation on steel journals, a thin
film of the softer zinc material is fransferred to the
steel to protect it from wear and damage. It performs
well in most atmospheric conditions except for
continuously wet environments and exposure to
seawater.

* Porous Metals: Such bearings are particularly good
for slow-speed, reciprocating, or oscillating moftions.




GRAPHALLOY....A
Special Bearing Material

GRAPHALLOQY, a graphite/metal alloy, 1s formed from
molten metal, graphite and carbon; 1t 1s a uniform, solid,
self-lubricating, bushing and bearing material. From this
material we manufacture a unique, self-lubricating
bearing solution, offering superior performance 1n
hundreds of applications.

GRAPHALLOY material is suited for
submerged or high temperature bearings or
bushings - applications where oil, grease and plastics

fail.




Features & Benetfits of
GRAPHALLQOY

Features Benefits

Requires no grease or oil. Permits continuous operation and

self-Lubricating eliminates downtime.

Works at high temperatures where oil-based lubricants bum off
or oxidize and plastics fall. Operating temperatures to 1,500°

o F /600° C (in non-oxidizing atmaspheres). Will not gum ar
seize.
Cold Does not congeal or solidify at low temperatures or cryogenic

conditions. Maintains self-lubrication.




Features & Benetfits
Continued.....

Works without lubnication. Survives run dry applications.
Dry Eliminates galling or seizing in hot and dry conditions. Will not
attract dust.

W Operates submerged. Will not swell or wash out. Withstands
el : : W
a wide variety of hostile fluids.

Does not cold flow or deform under pressure. Maintains its

Dimensionally stable .
size and shape.

Insoluble in most industrial liquids. Works in acids, alkalies,

Chemically Resistant hydrocarbons, water, and liquid gases.




Features & Benetfits
Continued....

Low Coefficient of Friction

Constant, low coefficient of fnction. Not just a surface layer,
solid throughout.

Maintains lubncation dunng linear mation. Lubncation 1s not

T drawn out and dust is not pulled in.
Current Conducting Eliminates sparks and static. Conducts well.
FDA Accepted Accepted for food semices. No lubncation to drp or cleanup.

Easily steam cleaned.




GRAPHALLOY High
Temperature Bearings

A graphite/metal alloy, 1s 1deally suited to applications
where temperatures are too high to permit the use of oil
or other lubricants. GRAPHALLOY High Temperature
Bearings and Bushings will not soften at extreme
temperatures or extrude under load. Many grades are
suitable for temperatures to 750°F (400°C) 1n air. In
addition, special grades provide service up to 1000°F
(535°C) and higher 1n non-oxidizing atmospheres.




Applications of
Graphalloy Bearings

1. GRAPHALLOY High Temperature Bearings Solve
Problems in Bakery Ovens.




Applications continued...

2. High Temperature Bearings Deliver Savings of More
than $10,000 per year in Pulp and Paper Industry.




Applications Continued..

3. Glass Manufacturer Saves Over $20,000 per year
with GRAPHALLOY High Temperature Bearings.




GRAPHALLOY
Bearing Solutions for Food
Applications

Food processing solutions for Ovens, Dryers, Roasters, Mixers,
Freezers, Sterilizers

* Graphalloy bearings are key ingredients for minimal maintenance
and uninterrupted production in food contact equipment.

* Self-lubricating; works without external lubrication

* Operate in extreme temperatures (-450° F to +750° F/-240° C to
+400° C)

* Avoid loss of lubricant in steam/pressure washes
* Contain no oil or grease
* Can be immersed in liquids without contaminating food production

* Operate submerged in low viscosity and corrosive liquids




Wear
in Bearings

Wear of the bearings can be calculated as
K= W/FVT

K Wear factor (in® min / lb ft hr)

Expected life time, Tis T=1/KPV

W = volume of material lost, in

T = hours of running fime

F=load

K = wear factor

t = thickness of wear




Design of Boundary
Lubricated Bearings

The factors to be considered when selecting materials for
bearings and specifying the design details include the
following:

« Coefficient of friction: Both static and dynamic
conditions should be considered.

 Load capacity, p: Radial load divided by the projected
area of the bearing (Pa).

« Speed of operation, v: The relative speed between the
moving and stationary components, m/s.

 Temperature atf operating condifions.
 Wear limitations.

» Producibility: Machining, molding, fastening, assembly,
and service.




PV Factor

The product pv between the load capacity(p) and
speed of operation(v) is an important performance

parameter for bearing design when boundary
lubrication occurs.

Therefore, pv can be thought of as the rate of energy

input to the bearing per unit of projected area of the
bearing if the coefficient of friction is 1.0.

/n Sl units,
pv=kPa.m/s
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Operating Temperature

Most plastics are |limited to approximately 200°F
(93°C). However, PTFE can operate at 500°F (260°C).
Babbitt is limited to 300°F (150°C), while tin-bronze and
aluminum can operate at 500°F (260°C). A maqjor
advantage of carbon-graphite bearings is their ability
to operate at up to 750°F (400°C).




Wear Factor

The wear factor K is measured under fixed conditions with the
material loaded as a thrust washer. When equilibrium is reached,
wear is measured as a volumetric loss of material as a function of
time. The load and the velocity affect wear, thus K is defined as

K=W/FVT
Where, W= Wear, volume of material lost
F= Applied load
V= Linear velocity
T=Time
Note that the K factor and the above equation may not be used

to predict actual wear in the application. The K factor only allows
the comparison of relative wear among alternative materials




Design Procedure for BL
Plain Surface Bearings

Given Information: Radial load on the bearing, F (N); speed
of rotation, n (rom); nominal minimum shaft diameter, Dmin
(in or mm)

Objectives of the design process: To specify the nominadl
diameter and length of the bearing and a material that will
have a safe value of pv.

Step 1: Specity a trial diameter, D, for the journal and the
bearing.

Step 2: Specify a ratio of bearing length to diameter, L/D,
typically in the range of 0.5 to 2.0. For non-lubricated (dry-

rubbing) or oil-impregnated porous bearings, L/D = 1 s
recommended. For carbon-graphite bearings, L/D = 1.5 is
recommended.




Step 3: Compute L =D(L/D) = nominal length of the
bearing.

Step 4: Specify a convenient value for L.

Step 5: Compute the bearing pressure (N/m2 =Pa):
p=F/LD

Step 6: Compute the linear speed of the journadl
surface:

In SI metric units: V =m Dn/(60 000) m/s

Step 7: Compute pv (Pa.m/s).

Step 8: Multiply 2(pV) to obtain a design value for
pV.

Step 9: Specify a material with a rated value of pv
equal to or greater than the design value.




Complete the design of the bearing system considering
diametrical clearance, lubricant selection, lubricant supply,
surface finish specification, thermal control, and mounting
considerations.

Example Problem :A bearing is to be designed to carry a radial
load of 667N from a shaft having a minimum acceptable
diameter of 38mm and rotating at 500 rom. Design the bearing
to operate under boundary-lubrication conditions.

Solution:
« Stepl. Trial diameter: Let D = Dmin = 38mm = 0.038 m
o« Steps2-4. Let L/D =1, ThenL =D=0.038m
« Step 5. Bearing pressure: p = F/LD = (667/N)/(0.038m)(0.038m)
=461911.36 N/m2

o Step 6. Journal speed:
V =mDn/(60 000) m/s = 11(0.038)(500) /60000 = 9.94x10-4 m/s
Step 7. pv factor:

pv= (461911.36)( 9.94x10-4) = 459.139Pa-m/s
» ®* Step 8. Design value of pv = 2(459.139) = 918.279 Pa-m/s $




Problem Continued...

« Step 9. From Table below, we could use a bearing

made from high tin babbit having a rated value of

pv of 1050kPa-m/s.

pV
Matenal psi-fpm kPa-m/s
Vespel® SP-21 polyimide 300 000 10 500 Trademark of DuPont Co.
Manganese bronze (C86200) 150 000 5250 Also called SAE 430A
Aluminum bronze (C95200) 125 000 4375 Also called SAE 68A
Leaded tin bronze (C93200) 75 000 2625 Also called SAE 660
KU dry lubricant bearing 51 000 1785 See note |
Porous bronze/oil impregnated 50 000 1750
Babbitt: high tin content (89% ) 30 000 1050
Rulon® PTFE: M-liner 25 000 875 Metal backed
Rulon® PTFE: FC] 200000 700  Oscillatory and linear motion
Babbitt: low tin content ( 10% ) 18 000 630
Graphite/Metallized 15000 525 Graphite Metallizing Corp.
Rulon™ PTFE: 641 10 000 350 Food and drug applications (see note 2)
Rulon® PTFE: J 7500 263 Filled PTFE
Polyurethane: UHMW 4000 |40 Ultra high molecular weight
Nylon® 101 3000 105 Trademark of DuPont Co.




Problem Continued...

Steps 10-11. Nominal diametrical clearance:

From Figure below, we can recommend a minimum Ca = 0.002 in

Radians per second (rad/s)

based on D = 38mm and n = 500 rom. Other design details are
dependent on the details of the system into which the bearing
will be placed.
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Properties of Dry Rubbing
Bearing Materials

Max. static load Mo, g Heat onductviy

service
Tope Examples - ump. P Special features
MNjm® 10° Ibfin’  °C I°°C W/m*C Btuffth°F
Thermoplastics Nylon, acetal, 10 1.5 100 100 0.24 .14 Inexpensive
UHMWPE
Thermoplastics Above + Mo3;, >0 23 150 60-100  0.24 .14 Solid lubricanis
+fillers FTFE, glass, reduce friction
graphite, etc. g
PTFE+ fillers Glass, bronze, 2-1 0.3-1 250 60-100  0.25- (.15 Very low friction
mica, carbon, 0.5 0.3
metals
High temperature  Polyimides 0-80 4512 2IX 050 03T 02-04  Relatively
polymers (+fillers)  polyamide-imide eXpensive

PEEK




Properties Continued...

: Max,
Max. ttatic load sqrvice Coef.
T rpe Examples temp, exp.
Thermosets Phenolics, epoxies 30-50 45 175 1080 0.4 0.25 Reinforcing fibres
+ fillers + asbestos, 7.5 improve
textiles, FTFE strength
Carbon— Varying graphite -3 015 SO0 1.5—4 1030 -3 Chemically inert
graphite content; may 0.45
contain resin
With Cu, Ag, 3-5 0.45- 350 5 15-30 9-18 Strength increased
Carbon—meial Sh, S5n, Pb 0.75
Metal—salid Bronze-graphite H0—T0 +4.5-10 L L0 50100 30 &0 High temperature
lubricant MoS;: Ag— 500 capability
FTFE
Special non- Porous bronze/ 350 50 275 20 42 24 Need to be
machinable FTFE/Pb considered at
products FTFE glass T 100 250 12 0.24 .14 the design
weave +resin stage
Thomosct + S 1.5 E50 10 0.3 0.2
PTFE surface
Meral 4 filled 7 1 275 100 0.3 0.2

FTFE Liner




wear rates of dry bearing
material groups

Light loads and low speeds (frictional heating
negligible) against smooth (0.15 um Ra) mild steel.

WEAR RATE, mm>/Nm
108 -7 108 10-5% 10— # 1032 10—2
I | | I T T |

Unfilled PTEFE —f —

Unfil bed

thermoplastics -1

Ta'Mo/ MoSs Bronze/graphite
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lubricanmts

Filled/reinforced
thermoplastics

Reinfarced thermosets =
+ Fillers

Bonded solid film
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High temperature
polymers + fillers

Carbons/graphites — T ——

Porows bronze, /PTFE/Pb - —

(|
PTFE glass weawe + resin




PLAIN SURFACE
BEARING
FALIURES




BEARING FAILURES

20% unsuitable
lubricant

15% insufficient
lubricant

20% solid
contamination




Foreign Matter

e Causes: Dirt particles in lubricant exceeding the
minimum oil film thickness.




Foreign matter

e CQUSES: Contamination of lubricant by excessive

amounts of dirt particularly non-metallic particles
which can roll between the surfaces.




« Cavuses: Inadequate clearance, overheating,
insufficient oil supply, excessive load, or operation
with a non-cylindrical journal.







Fatigue

o CQAUSES: Excessive dynamic loading which exceeds
the fatigue strength at the operating temperature.




Excessive interference

o CAUSES: Excessive interference fit or stfagger at joint
faces during assembly.




Fretting

o CAUSES: Inadequate interference fit; flimsy housing

design; peirmtting small sliding movements between
surfaces under operating loads.




Misalignment
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e (CAUSES: Misalignment of bearing housings on assembly,
or journal deflection under load.




Dirty Assembly

 CAUSES : Entrapment of large particles of dirt (e.g.

swarf), between bearing and housing, causing distortion
of the shell, impairment of heat transfer and reduction of

clearance




Dirty Assembly

« Causes: Enfrapment of dirt particles between bearing

and housing. Bore of bearing is shown in previous column
illustrating local overheating due to distortion of shell,
causing reduction of clearance and impaired heat

e fransfer.
o




Cavitation Erosion

« Causes: Changes of pressure in oll film associated
with interrupted flow.




Dsicharge cavitation
erosion

e CQAUSES: Rapid advance and retreat of journal in
clearance during cycle. It is usually associated with the
operation of a centrally grooved bearing at an
excessive operating clearance.




Cavitation Erosion

_.r’

« Causes: Impact fatigue caused by collapse of vapour
bubbles in oll film due to rapid pressure changes. Softer overlay
Nos 1, 2 and 3 bearings) attacked. Harder aluminium -20% fin
Nos 4 and 5 bearings) not attacked under these particular

conditions.




Corrosion

o CAuses: Formation of organic acids by oxidation
of lubricating oll in service. Consult oil suppliers;
iInvestigate possible coolant leakage into oil.




Tin dioxide Corrosion




Sulphur corrosion

e CaAuses: Attack by sulphur-compounds from oll
additives or fuel combustion products.




Wire wool damage




Wire wool damage
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Electrical discharge




Fretting due to external
vibration




Overheating




Thermal cycling

o Causes: Thermal cycling in service, causing plastic

deformation, associated with the non uniform thermal
expansion of fin crystals.




Faulty assembly

« Causes: Stagger at joint faces during assembly,
due to excessive bolt clearances, or incorrect bolt
disposition (bolts too far out).




Faulty assembly

o CAuUseS: Incorrect grinding of journal radii, causing
fouling at fillets,




Incorrect journal
grinding

e CaAuses: Too coarse a surface finish, or in the case of SG

iron shafts, the final grinding of journal in wrong direction
relative to rotation in bearing.




Inadequate oil film
thickness

e CAuses: Incorrect groove design, e.g. positioning
a groove in the loaded area of the bearing.




Inadequgqte lubrication

o« Causes: Inadequate pump capacity or oil gallery or
oilway dimensions Blockage or cessation of oil supply.




Bad bonding

e CAUSES: Poor tinning of shells; incorrect metallurgical
confrol of lining technique.




ROLLING ELEMENT
BEARINGS




Single-row, deep-groove
ball bearing
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Double-row, deep-groove
ball bearing




Angular contact ball
bearing




Cylindrical roller
bearing




Single- and double-row
needle bearings




Spherical roller bearing




Tapered roller bearing




Sectional views

B o




Ball

bearing pillow block

selt-aligning —
CULET race

Rolling
element —

[ hu’"}/
Irner race

Slotted
mounting
"'il"llﬂ‘l.




Loads on Bearing

Force FI:‘

Force T
(Thrust)




Comparison of Rolling

bearing types
Radual load Thn
Bearing type capacity cd
Single-row, deep-groove bal Good Fa
Double-row, deep-groove ball Excellent Go
Angular contact Good Ex
Cylindrical roller Excellent Po

‘T i il Il & nll -‘J‘I11 B ool W h-




Hertzian contact stress




Consider a solid sphere held in a Cup by a force F
such that their point of contact expands info a
circular area of radius, a

azjfa-ﬁrF"

e o [30-VIE 4
Where,
F= Applied force
V1 & V2= Poisons ratios for the sphere and cup
El & E2 = Elastic Modulii for sphere and cup
D1 and D2= diameters of sphere and cup

The maximum contact pressure occurs at the center
point of the contact area




TYPES OF LOADING
AND STRESS RATIO

The primary factors to consider when specifying the
type of loading to which a machine part is subjected
are the manner of variation of the load and the
resulting variation of stress with fime. Stress variations
are characterized by four key values:

. Maximum stress. o

flal

2. Minimum stress, 6,

3. Mean (average) stress, 6




The maximum and minimum stresses are usually
computed from known information by stress analysis or
finite-element methods, or they are measured using
experimental stress analysis tfechniques. Then fthe
mean and alternating stresses can be computed from

T, = {1‘! +

Mds

o =




Stress Ratio

The behavior of a material under varying stresses is
dependent on the manner of the variation. One
method used to characterize the variation is called
sfress ratio. Two types of stress ratios are commonly
used, defined as

minimum §

Stressratio R = ——
maximum s

alternating

f‘i.-.-.-... _l...i:_ .l




Stress,

Static Stress

/




Repeated and Reversed
Stress
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Fluctuating Stress

Stress. o

Toin HlEnsile)

Stress.

Time
() Tensile mean stress —
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Stress. 5

Fluctuating Stress
continued...
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Stress, o (ksi)
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Endurance strength vs. tensile strength for
wrought steel for various surface conditions

Tensile strength, 5, (MPa)
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Rolling Bearing Failures




Fatigue failure




Failures continued....

Fractured Flange Outer Race Fretting Inner Race Fretting




Failures continued....

b R

.

Uneven Wear Marks Roller End Collapse Roller End Chipping




Failures continued....

Overheating Smearing Abrasive Wear




Failures continued....

A ot 2 ARG ..-."i..l‘h.’."u.

Roller Peeling

Magnetic Damage




Comparison of bearing

materials
Mat
Siheon 52100 4
nitride steel
Room-temperature 78 62
hardness, HRC
Room-temperature 45 # 10" psi 30 % 10° psi y

elastic modulus 310 GPa 207 GGPa




LOAD/LIFE
RELATIONSHIP

where £ = 300 for hall hearinac

Where

Pl & L1 =rafted load and life
P2 & L2= Design load and life




Bearing Selection data for single
row, deep groove ball bearings
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Table continued....

B, Serdes BA0L commbnoed
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Rated Life and Basic
dynamic load rating

The rated life is the standard means of reporting the
results of many tests of bearings of a given design. It
represents the life that 0% of the bearings would
achieve successfully at a rated load.

It also represents the life that 10% of the bearings
would not achieve. The rated life is thus typically
referred to as the Lo life atf the rated load.

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




Problem: A catalog lists the basic dynamic load rating
for a ball bearing to be 7050 Ib for a rated life of 1
million rev. What would be the expected Lo life of the
bearing if it were subjected to a load of 3500 Ib?

Solution:
P,=C = 70501b (basi
P, =P, = 35001b (des1
Ll = IDh ey {L".I.
k=3 (ball

Then letting the life, L+, be called the design life. L.




Procedure for computing the required basic
dynamic load rating C for a given design
load Ps and a given design life La

We have already discussed

bp-L o S

L-=L.=1L

If the reported load data in the manufacturer's

iterature is for 106 revolutions the above equation
can be written as

L.= (C/P.))




The required C for a given design load and life would
be

O = PJ fLJ-'l'l

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




Recommended design life
for bearings

Application

Domestic appliances

Arrcraft engines

Automotive

Agricultural equipment

Elevators, industrial fans, multipurpose gearing




The rated life of 1 million rev would be achieved by
a shaff rotating af 331 rom for 500 h.

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

The factors account for the load/life relationship.

The required basic dynamic load rating, C, for @
bearing to carry a desian load. P4, would then be

C =P,f




Life and speed factors for
ball and roller bearings

(a) Ball bearings

[ NI 3D i) LK) MK} 5000 | MY 2000 b
Speed, rpm
sl S A T ISR Y W T U IO TN
Factor | Rl R (T3, S0 '
v 15 12 1090807 06 05 04 03 025 02
. _ 36 07 0% 09 | | § 2 2.5
ﬂlifﬁl'_f;_ 1 N J_ |._I_ £ I & i "L A L I WP [
. R N R Bl m LR Bl R L] TR R
Lo life, b i) M0 Wh 500 100K 000 3000 5K00 0
(k) Roller bearnings
i n W s 1K) K S 1000 2000 k|
Snead mm | i i i i i i i i




Problem: Compute the required basic dynamic load
rating, C for a ball bearing to carry a radial load of
650 Ib from a shaft rotating at 600 rpm that is part of an
assembly conveyor in a manufacturing plant.

Solution:
let's select a design life of 30 000 h from table .
Then Ld is

L,= (h)(rpm)(6(
L, = (30 000 h)(600 tpm)(60 min/h)

Also, Dynamic load rating

= P,',r lrLij”
C = 650(1.08 x< 10%710%)




* |f we solve this problem by using the charts of
speed and life factors, we have

fy = 0381 (for 600 rp
fi = 3.90 (for 30 000-

* This compares closely with the value of 6670 Ib
found previously.




Procedure for Selecting a
Bearing—Radial Load Only

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

2 = 1

« where V =rotation factor

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




Step 2: Determine the minimum acceptable diameter
of the shaft that will limit the bore size of the bearing.

Step 3: Select the type of bearing, using following table

Radial load Th

Bearing type capacity C
Single-row, deep-groove ball Good ki
Double-row. deep-groove ball Excellent G
Angular contact Good E
Cylindrical roller Excellent Py




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

Application

Domestic apphances
Arrcraft engines
Automotive

Agricultural equipment
Flevators. industrial fans. multinurnose eearing




Step 5: Determine the speed factor and the life factor
if such tables are available for the selected type of

bearing.
(a) Ball bearings
1l 1K) 200N
Speed, rpm | J
= — |' T || |
Factor f,, 12 | G 08 07 o8 05 vi 023 02
\ 06 07 0% 08 | I § 2 25
Fﬂctﬂr,“f_ P T L l_J__ b JWIER L W S
| G T . L PO g o TS
Ly life. b 1) R R 1000 2000 3000 SH0 0
(b) Roller bearings
Ii X W 50 w2 001000 2000 5
EH-I'II‘II [ NN ] il i ] ] k [ ] i i




Step 6: Compute the required basic dynamic load
rating C from following equations

or




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

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

Step 9: Determine mounting conditions, such as shaft
seat diameter and tolerance, housing bore diameter
and tolerance, means of locating the bearing axially,
and special needs such as seals or shields.




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

Solution:

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

Therefore From equation
2 = 1
P=R

the design load is equal to the radial load.




We know,

L,= (h)(rpm)(6(

L, = (30000 h)(600 rpm)(60 min/h)

I

Also, Dynamic load rating
C=F il

C = 650(1.08 x 10°/710%/




« Giving design data for two classes of bearings, we
find from table that we could use a bearing 6211 or

a bearing 6308.
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» Either has a rated C of just over 6670 Ib.

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

size.
Summary of data for the selected bearing:

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

Outside diameter: D = 90 mm (3.5433 n)
Width: B = 23 mm (0.9055 n)




BEARING SELECTION:
RADIAL AND THRUST LOADS
COMBINED

For this case equivalent load is given by
F = VXR -

where P = equivalent loas
V = rotation factor
R = applied radial
I = apphed thrust




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

* Forrelatively small thrust loads, X=1and Y =0, so

the equivalent load equation reverts to the form for
pure radial loads.

l.e.,




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

« |f the ratio T/R > e Equation

P = VXR -
must be used to compute P.
« |[fT/R <e. Equation

F= i A |

must be used to compute P.




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

bearings
fu TIC I e
M9 0014 230 034
02 0008 9 038
026 0056 1l 042
28 0084 5 044

where Co is the static load rating of a particular
bearing.




Procedure for Selecting a
Bearing—Radial and Thrust Load

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

e

¢ IIC, Y ¢
0.19 0.014 230 a4
0.22 0.028 99 0.38
0.26 0.056 9 0.42
0.28 0.084 55 0.4




Step 2: Compute

P = VXR -

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

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

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




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

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

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




Problem: Select a single-row, deep-groove ball
bearing from Table 14-3 to carry a radial load of 1850
Ib and a thrust load of 675 Ib. The shaft is to rotate at
1150 rpm, and a design life of 20000 h is desired. The
minimum acceptable diameter for the shaft is 3.10 in.

Solution:

Step 1, Assume ¥ = 1.50.
Step 2. P = VXR + YT = (1.O)0.56)(1850) + (1.50){675) = 2049 |b.

Step 3. From Figure the speed factor fy = 0.30, and the life factor f, = 3.41.
Then the required basic dynamic load rating C 1
C = Pf I, = 2049(3.41)/10.30) = 23 300 Ib

Step 4. From Table we could use either bearing number 6222 0r6318. The 6318
has a bore of 3.5433 in and 1s well suited to this application,

Step 5. For bearing number 6318, C, = 22 500 Ib.
Step 6. T/C, = 675/22 500 = 0.03.
Step 7. From Table e = 0.22 (approximately).




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

Step 9, Recompute P = (LOND.56)(1850) = (1.97)(675) = 2366 I
(' =2366(3.41)/(0.30) = 26900 Tb

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

Step 5. C, = 298010 Ib
Step 6. /C, = 675729 800 = 0023,

Step7.e=020




Step 8. TR > ¢, Then ¥ = 2.10 using T/C, =

Step 9 P (1.OND.56)(1850) + (2.10X673) =
= 2454034100300 = 27900 Ib




Tapered roller bearing




Tapered roller bearing

installation
fgg?z;llt;ﬁad
e ————— ‘a!i ]




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

P, = 04F,, + 0.5

Fg =L

where P, = equivalent radial load on bearing .
Py = equivalent radial load on bearing 4
F,, = applied radial load on heann“ A

E — ﬂ“l = I - J. . IJ"I-IJ-I . L. ------ ﬁ




Tapered Roller Bearing

data
Outside
Bore diameter Width i
10000 5 5000 08125 0583
15000 30000 09375 1,640
17500 40000 12500 1970
2 (000 43750 15000 1475
25000 50000 | 4375 100




Problem: The shaft shown in previous figure carries a
transverse load of 6800 lb and a thrust load of 2500 lb.
The thrust is resisted by bearing A. The shaft rotates at
350 rom and is to be used in a piece of agricultural
equipment. Specity suitable tapered roller bearings for

the shaft.
Solution:

The radial loads on the bearings are

F., = 6800(4 m,
F.. = 680006 n.




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

P, = 0.40(2720) + 0.5 %;, 4080 + 1.7

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




L. = (4000 h) 350 rpm)(60 min/h|

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

G =P L/ 106
C, = 7503(8.4 x 107/

Similarly,




From following Table , we can choose the bearings.

Ouiside

Bore diameter Width 0
0000 25000 0.8125 ).583
S000 30000 (9375 ).691)
T500) 4.0000 2500) .9710)
20000 43750 5000 0.975
1.5000 5.0000 4375 | 100)




Bearing A
d=25000mm D= 5.0000
C=23001Ib Y,=165

Bearing B
d = 1.7500m D = 4.0000
C=214001b Y;= 150

We can now recompute the equivalent loads:

I C&




Life of bearing

mean effective load, Fm:

pllzuig
fo ==
. N

where F, = individual load among a series of 1 loads
N, = number of revolutions at which F, operates
N = total number of revolutions in a complete cycle
p = exponent on the load/life relationship; p = 3 for ball bearings, and p = 10/3
for rollers




Alternatively, if the bearing 1s rotating at & constant speed. and because the number
of revolutions 1§ proportional to the time of operation, N, can be the number of minutes of
operation at [, and N 1 the sum of the number of minutes n the total cycle. That s,

N=N + Nt +N

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




Problem
A single-row. deep-groove ball bearing number 6308 1s sub
loads for the given times:

Condition F
I 650 1b 3
2 750 1b ]
3 2501b 2
Solution:

[ Z(F;)Y'N, )
F. = | )

\ N

(ﬁumﬁu}-‘ + 10(750) + 20(;




From Table tor the 6308 bearing, we find that C = 7050 Ib. Then

(7050 o
k= ( 07 ) = 1647 million rey

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

1647 X 10°rev  min

L : L
I 600 rev 60 min

=45745h










