Worm Gearing:

Worm gearing is widely used to transmit power at large velocity ratios
between non-intersecting and non-parallel shafts that are usually but
not necessarily at right angles. The worm drive consists of a threaded
worm in mesh with a gear, sometimes called worm wheel. Worm gear
sets, theoretically have a point contact which limits their power
transmission capacity. Therefore to improve their power transmission
capacity they are either Single or double enveloping as shown in
Fig.20.1.




A single enveloping gear set is one in which the gear wraps around or
partially encloses the worm which results in a line contact between the
gears. A gear set in which each element partially encloses the other is
double enveloping and this gives area contact between the gears. Thus
double enveloping gears have larger power transmission capacity but
require extremely precise mounting. Hence only single enveloping gears

are used. e e
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(a) Single enveloping worm gear, (b) Double enveloping worm gear.
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Shaft seal
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The cut section of a worm gearbox with fins and fan for cooling



The nomenclature of a worm and worm wheel is also shown in figure
20.2. The worm and wheel of a set have the same hand of helix but the
helix angles are usually quite different. The helix angle on the worm is
generally quite large, and that on the gear very small. Because of this, it
is usual to specify the lead angle A on the worm and the helix angle ,
on the wheel. The lead angle and helix angle are equal for a 90° shaft
angle. In specifying the pitch of worm gear sets, it is customary to state
the axial pitch P, of the worm and the circular pitch P_ of the gear which
are equal for a shaft angle of 90°.

In a worm gear drive, the frictional losses are quite high as compared to
other gear drives because of large rubbing velocity. The efficiency of a
worm drive depends on the velocity ratio and as a rough estimate the
efficiency can be taken as:

n = 1-0.005R
where R is the velocity ratio.
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It is therefore necessary to calculate the temperature rise of the
lubricating oil which depends on the heat generated and the heat
dissipated. The heat generated depends on the power and the efficiency
of the dive while the heat dissipated depends on the centre distance
and the velocity ratio. Based on AGMA recommendations, the limiting
input power rating of a plain worm gear unit from the stand point of
heat dissipation, for worm speed upto 2000 rpm may be estimated by,

P =3650C"1.7 /(R +5)

where
P= permissible power input in kW
R = velocity ratio
C= centre distance in meters



<0.2 Design of Worm Gear Drives :
The procedure for design of worm gear drives is as follows
Step 1 : Select the number of teeth on worm, 1, as per T-XVI-16. Caloulats the TR
on worm gear l,» which should be greater than 29.
Step 2 : Choose proper lead angle A and normal pressure angle ¢, as per T-XVI-1g,

Step 3 : Assume the module of worm gear teeth as ‘m’ mm. Calculate the pitch diz
the gear and the piteh line velocity of the gear as :

60
s the speed of the worm gearin rpm.

Step 4 : Calculate the design power P, and the tangential tooth load F.as per T-XVI-15 14
will be in the form

D N
- m, mm - - P — m/sec
?_%x ; '\"”’”‘1000>< S
where N j

K
Fy = ?nl where K, = numerical constant.

Step 5 : Assume materials of construction for worm and worm gear as per T-XVI-18 and the
basic stress as per T-XV|-1 0.

Step 6 : Assume a trial value of b as per T-XVI-19.
Step 7 : Calculate the modified Lewis form factor Y as per T-XVI-15.

Step 8 : Assume a tr mﬁo.(s

Step 9 : Calculat strength F as per the Lewis equation given in T-XVI-15 and |
values assumed in step 6,f7 and 8. It will be inWe form

Fg= K,. ere K, = numerial ¢ ( tant.
Step 10 : Equate F o F, and calculate tri#l Value of 'm’. Choose the nearest standard mo
as per T-XVI-7, o s, ¥ .
Step 11 : Calculate pitc teotthe worm D, as per T-XVI-19 and see that it is withir
given range as per T-XVI-16.

Step 13 : Calculate the face width b of the gear. Calculate the beam strength Fyandc
MF,>F,.nnotohangem,emod|kandrepeatmepmcedure. ‘ '
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 Step 3: Caloulate heat generaed 0., heat isipator apacty Qo temnomu A
o o {.
Step 4 : Calculate AT by equating Q, to Q, Chockmatmommdmumoll emperalurels
i h gen i, Theprocdur wilbe lustaledwih h hepofsobedprodems.




Table XVI-14
Design Data For Gear Blanks

S.No. Item Relation
20 Solid construction For DP <15 m + 60 , mm
2 Web construction For DP <24 m + 80, mm.
3. Web thickness, w mm. w=15m+3, mm
4, Arm construction For Dp >24 m + 80, mm.
5 No. of Arms, n . Pitch diameter, mm No. of Arms, n
Upto 375 -
375 - 3000 6
3000 and above 8

64
(Taperinarms, 1in 12) '
for allowable stress in arms, table XI - 6.
t=15xmto2.0 x m.

d‘ = Shaft diameter, mm . .




Table XVI - 15

Design Formulae For Worm Gears

1tem

Formula e |

Design Power (P)  Watts

Tooth load, F | N

Beam strength by
Lewis equation

(P),=(P), %K, '

Where ¥ -
(P), = Rated Power, walts

K, = Load Factor, Table XI - Y-

Flr_-ﬂ. .

Vo

Where
V, = Pitch line velocity of gear, m/sec.
F,=S,.C,b. Y. m

Where :
S_ = Basic strength, table XVI - 10. & I

s ’ s
C'y =——— p
Y =0.314 + 0.0151 (¢, — 14.5%) < BE;
F, =D bK,: ] s &3
Where. b = Face widt.h of gear, mm.
K, = load stress factor, table XVI - 17. }

1

Cose - tan A
= CosO + pcotA




Table XVI-16
Design Practice For Worm Gears

S.No. Item Practice
1. No. of teeth on worm, t,
Velocity Ratio &
4-10 6
6-12 -
8-12 3
12 - 36 2
36 & Above 1
2. Lead angle, A 6° per worm tooth, Min - 9°, Max - 45°
For compactdesign A = tan ' 3J/N_ /Ny
3. No. of teeth on gear, t_ t_> 29, Normally
A ) COs7s Cos7s
4\.,, Pitch Diameter of worm, D, 1132 > Dy = v
. Choice of lead angle ; A
and pressure angle, ¢_
A d, Remarks
upto 12° = A4.5° Difficult to cut by hob
12° — 20° 20.0 =
20° — 25° 225 Normally used
above 25° 25.0 =
above 25° 30.0° For reversible drives
6. Coefficient of friction, u
Rubbingvelocity,vl,m/min. n
Low speed -below 2. 0.15
Medium speed -10-170 0132 / V. °=
1 v
High speed - 170 above 0025+ —=2
S 20,000
Tt.Dy . N
Rubbing velocity, V, VR =W Y TW
% ty: Ve Vg .= cosA 1000 » usual range
m/mir. 400<‘V",< 1000 for precision gears v




Table XV1-17

Load Stress Factor K

Matenial of worm

Material of gear K, , MPa
Stewl C - 1 or semi steel 035
BHN 250 Mn - Bronze 0.56
Bakelite or other non metals 0.87
Table XVI-18
Material of Construction For Worm Gears
Type of Service Worm Gear
Light Steel, SAE 1040 C-l or Bronze
SAE 63
Medium Steel SAE 2320 or 3120 Phosphor-Broree
Case hardened SAE 65
Heavy Mo or Cr - V Steel Phospher Broraee




Dimensions of Wor

A8DICE A VA" AT
m Gears : For Worm

S S > , Single & Tripple or
No. Figore Symbol Dimensions Double threads Quadruple
threads
1. o, Normal pressure angle 14.5° 20°
2 dn «D,, Pitch dia. of worm 24P+ 27.5 24P .+275
| ! bored for shaft, mm
3 ' / L Fc )
, | :/: D,, Pitch dia. of worm 235P.+ 10 2.35P,.+10
oJ /: : integral with shaft, mm
P ey /ﬂ | Lw
A | %E : l iy Face length, mm (4.5+0.020) P. | (4.5+0.020)P,
5. wZ A | ] h Depth of tooth 0.686 P, 0.623 P
h & Pc C (
' | - £} a Addendum 0.318 P, 0.286 P,
7. d, Hub diameter 1.66 P+ 25 1.726 P_+ 2.5
8. do Minimum bore of shaft Pa+ 16 P.+ 16
FOR GEAR
S,
No. Figure Symbol Dimensions Single & Tripple or
Double threads Quadruple
: = threads
- ~ o, Normal pressure angle 14.5° 20°
2| 80 D : .
= Outs i
- ., ide dia, mm D, +1.0315P. | D _+0.8903 P,
B Throat di
- L i g Dg dia, mm D, +1.0636P. | D +0.572P,
i | Or Dc b Face width, mm 2
& L - | .38 P.+6.25 2.15P.+5
- ///://// r Radius of gear face, mm|0 (
& 7/,’,,’ . » mmi0.882 P_ + 13.75| 0.914 P+13.75
5L Radius of i
= ¢ : : . gearnm, mm | 22 P_+ 13.75 | 2.10 P +13.75
v us
o Ralive of sdge 025 P
< = s 0.25 P,
y lameter
1.875 d_ 1.875 d,
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BEARINGS

Bearings are machine elements which are used to support a rotating
member viz., a shaft. They transmit the load from a rotating member to
a stationary member known as frame or housing.

They permit relative motion of two members in one or two directions
with minimum friction, and also prevent the motion in the direction of

the applied load.

The bearings are classified broadly into two categories based on the
type of contact they have between the rotating and the stationary
member

a. Sliding contact

b. Rolling contact



ROLLING CONTACT BEARINGS

Instructional Objectives:

At the end of this lesson, the students should be able to
understand:

e About rolling contact bearings

e Ball bearing and roller bearing

e Basics definitions of design parameters of rolling contact
bearings

e Selection method for rolling contact bearings

Rolling contact bearings are also called anti-friction bearing due
to its low friction characteristics. These bearings are used for
radial load, thrust load and combination of thrust and radial
load. These bearings are extensively used due to its relatively
lower price, being almost maintenance free and for its
operational ease. However, friction increases at high speeds for
rolling contact bearings and it may be noisy while running.



Rolling element bearings involve separation of the shaft and
outer member by balls or rollers and thus substitutes rolling
friction for siding friction. Since the contact areas are small
and the stresses high, the loaded parts of rolling element
bearings are normally made of hard, high strength materials,
superior to those of the shaft and outer member. These
parts include inner and outer rings (also called races) and
the balls or rollers. An additional component of the bearing
is usually a retainer or separator, which keeps the balls or
rollers separated.



Both sliding and rolling element bearings have their place in
modern machinery. A major advantage of rolling element
bearings is low staring fiction. Sliding bearings can achieve
comparably low friction only after the full film is established
which is not there while starting. Rolling bearings are ideally
suited for applications involving high starting loads. On the other
hand fluid film bearings are well suited for high rotating speeds
with impact and momentary overloads. The higher the rotating
speed the more effective the hydrodynamic pumping action.
Also the fluid film effectively cushions impact. High rotating
speeds are generally disadvantageous to rolling bearings
because of the rapid accumulation of fatigue cycles and the high
centrifugal force on the rolling elements.



Rolling element bearings take up more radial space around the
shaft, but fluid film bearings require greater axial space. Rolling
element bearings generate and transmit a certain amount of
noise where as fluid film bearings do not normally generate
noise and may dampen noise from other sources. Sliding
bearings are cheaper than rolling element bearings for simple
applications where minimum lubrication provision is required.
Another advantage of rolling element bearings is that they can
be preloaded. This is important in applications requiring precise
positioning of the rotating member. The rolling element
bearings are also called antifriction bearings which is a
misnomer because these bearings do not always provide a
lower friction than fluid film bearings. The typical values for
coefficient of friction are given in T-XllI-16 of data book.



Types of Rolling Element Bearings:

Based on the shape of the rolling element they are classified in two
types.

1. Ball bearings which, are preferred for higher speed.
2. Roller bearings which are preferred for greater loads.

Both types are further subdivided into three based on the type of load
which they can support.

1. Radial load
2. Axial or Thrust loads.
3. Combined Radial and axial loads or angular contact bearings.



Ball bearings:

There are two types of ball bearings:

(A) Radial load ball bearings which can take a small amount of thrust.

They are predominantly of four types:

i) Single row deep groove ii) Angular contact iii) Double row deep groove
iv) Self aligning.

Each bearing consist of four elements: 1) Inner race grooved on its outer
surface, 2) Outer race grooved on its inner surface, 3) Balls, 4) Retainer
or cage for spacing the balls so that they do not touch each other.

(B) Thrust ball bearings:

These bearings are designed to carry only axial loads. They are of three
types:

One direction thrust bearing with parallel seats.

Self aligning one direction thrust bearing.

Two direction thrust bearing.




Roller bearings:

Based on the shape of the rollers they are of four types:

(a) Straight or cylindrical roller bearings which are meant for pure radial
loads.

(b) Spherical roller bearings are used where misalignment is likely to
occur. They can take large radial loads plus very small thrust load. The
spherical elements have the advantage of increasing their contact area
as the load is increased.

(c) Tapered Roller bearings combine the advantages of ball and straight
roller bearings since they can take any combination of radial and thrust
loads.

(d) Needle bearings are special case of cylindrical roller bearings where
the rollers have a length to diameter ratio of four or greater. They have a
high load capacity when Separators are used, but may be obtained
without separators. They are available both with and without races.

In addition we have spherical roller and tapered roller thrust bearings. The bearings
described above represent only a small portion of the many available for selection.
Many special purpose bearings are also made for special classes of machinery.



Standardization:

The manufacturers of radial ball bearings have adopted the
international standard dimensions, according to which the bearings are
mainly divided into three series called the light, medium and heavy
series. All bearings are designated by (XXXX) four numbers. The first
number gives the type of bearing i.e. single row deep groove or angular
contact etc. the second number gives the series i.e. 2 for light, 3 for
medium and 4 for heavy series, the last two digits give the bore of the
bearing which comes in multiples of 5 mm above 20 mm. Between 10
mm and 20 mm they are not standard. These numbers and
corresponding size namely bore; O.D. & width are given in T-XIlI-20 of
data book. For example 6308 bearing number of SKF Company is for a
medium series single row deep groove ball bearing of 8 x 5= 40 mm
bore.



Design of Rolling Element Bearings:

The detail design of these bearings is a sophisticated engineering
endeavour too specialized to warrant extensive treatment here. Further
these bearings are manufactured and tested as an assembled unit which
precludes the manufacture of a rolling element bearing suitable for a
specific situation. Hence, the selection and use of a rolling element
bearing suitable to particular situation is a concern to all engineers and
will be discussed in the following sections.

Bearing manufacturer’s catalogs identify bearings by number; give
complete dimensional information, list rated load capacities and furnish
details concerning mounting, lubrication and operation.



Load Capacity:

The load capacity of bearings is of two types: (a) Static capacity and
(b)Dynamic capacity.

(a) Static Capacity: The static load is defined as load acting on a non-
rotating bearing. Permanent deformation appears in balls and race ways
under static load of moderate magnitude and increase gradually with
increasing load. The permissible static load is therefore dependent upon
the permissible magnitude of permanent deformation. Experience
shows that a total permanent deformation Of 0.0001 of the ball
diameter occuring at the most heavily loaded ball and race contact, can
be tolerated in most bearing applications without impairment of bearing
operation. The basic static load rating is given in manufacturers catalog.
As these load ratings are for very slow speed of rotation, they are not
given in the tables of data book.



(b) Dynamic Load: The dynamic capacity of a bearing is based on the
fatigue life of the material, contrasted with the static capacity which is
based on permanent deformation. As the individual life of a bearing
varies these bearings are tested in a group and the basic load rating or
specific dynamic capacity is established. The AFBMA (Anti-Friction
Bearing Manufacturing Association) has established a standard load
rating for bearings in which speed is not a consideration. The basic load
rating or specific dynamic capacity, C is defined as the constant radial
load which 90 percent of a group of identical bearings can endure for a
rating life of one million revolutions of the inner ring (Stationary load
and stationary outer ring). This life is called L,, life while the average life
is that life which 50 percent of the bearings can endure. Generally it is
about five times the L, lie. The use of the specific dynamic capacity and
bearing life for selection of bearings will be illustrated in the solved
problems. The effect of reliability on the design is taken care of by the
factor K, which are tabulated in T-XIll-15 of data book.

rel



Rating life:

Rating life is defined as the life of a group of apparently identical ball or
roller bearings, in number of revolutions or hours, rotating at a given
speed, so that 90% of the bearings will complete or exceed before any
indication of failure occur.

Suppose we consider 100 apparently identical bearings. All the 100
bearings are put onto a shaft rotating at a given speed while it is also
acted upon by a load. After some time, one after another, failure of
bearings will be observed. When in this process, the tenth bearing fails,
then the number of revolutions or hours lapsed is recorded. These
figures recorded give the rating life of the bearings or simply L,,life (10
% failure). Similarly, L, means, 50 % of the bearings are operational. It is
known as median life. Fig. 2.9 defines the life of rolling contact bearings.



Lo , Median life

%o of bearings in operation
[
!

Life of bearing

Fig. 2.9 Definition of life of rolling contact bearing



Bearing load

If two groups of identical bearings are tested under loads P, and P, for respective
lives of L1 and L> , then,

Where,
L : life in millions of revolution or life in hours
a . constant which is 3 for ball bearings and 10/3 for roller bearings

Basic load rating

It is that load which a group of apparently identical bearings can withstand for a
rating life of one million revolutions.

if , L is taken as one million then the corresponding load

1
C=P(L)*

Where, Cis the basic or dynamic load rating



Therefore, for a given load and a given life the value of C represents the
load carrying capacity of the bearing for one million revolutions. This
value of C, for the purpose of bearing selection, should be lower than
that given in the manufacturer’s catalogue. Normally the basic or the
dynamic load rating as prescribed in the manufacturer’s catalogue is a
conservative value, therefore the chances of failure of bearing is very
less.



Design Procedure:

The design consists of selecting the proper type and size of a bearing
which can be fitted on the given shaft and will endure the given load for
the specified life with the specified reliability. The bearing may be
subjected to a pure radial, pure axial or a combined load which may be
constant in magnitude or vary in a cyclic manner. For selecting a bearing
subjected to a variable cyclic load, we first calculate the mean load as
per T-XIl-13 with the help of formulae:

Where F,, F, etc. are loads acting for t,, t, units of time or N, N,,
revolutions. Having calculated the mean loads which can be treated as
constant load the procedure is as follows:

Step 1: Calculate the equivalent radial load as per T-XIlI-13.

Step 2: If the life of the bearing is specified, calculate the required
specific dynamic capacity C, of the bearing as per T-XIllI-13. If the life of
the bearing is not specified, select life of the bearing as per T-XIlI-17 and
then calculate C.

Step 3: When the shaft size is specified select the proper series of
bearing which has C greater than the calculated C, as per T-XIlI-21.




Needle Bearings:

The use of needle bearings is rapidly increasing because of their
comparatively small radial dimensions and their exceptionally high load
capacity, particularly at low peripheral speeds. However the coefficient
of friction in needle bearings is three to four times that of deep groove
ball or cylindrical roller bearings as shown in T-XIll-16 of data book.
Generally the needle bearings are used without races. The design
procedure for these bearings is as follows:

Stepl: Select the needle diameter as per T-XII-19. Calculate the
diameter of the revolving race.

Step 2: Calculate the allowable pressure as per T-XIII1-18

Step 3: Calculate hardness factor K, and life load factor K, as per T-XllI-
18.

Step 4: From the required load capacity, calculate the length of the
needles as per T-XIII-18. Select the standard length available as per T-
XI1-19.



Ball bearing

A typical ball bearing is shown the Fig. 2.1. The figure shown on the right
side, with nomenclature, is the schematic representation of the actual

bearing.

Steel
balls

diameter (D)

Retainer

2.1 A typical ball bearing



The bearing shown in the figure is called Single row deep groove ball
bearing. It is used to carry radial load but it can also take up
considerable amount of axial load. The retainer keeps the steel balls in
position and the groove below the steel balls is the inner ring and over it
is the outer ring. The outer ring, called outer race, is normally placed
inside a bearing housing which is fixed, while the inner race holds the
rotating shaft.

Bearing housing

Oluter race

Inner race

Therefore, a seat of
diameter d and
width B is provided
on the shaft to
press fit the T =e eSS —-@
bearing. The Bearing seat
arrangement for
housing a bearing is
shown through a
schematic diagram,

1 2 ! i P . . .
F|g. 2.2, 2.2 A typical arrangement for housing a bearing

Rotating shaft
Bearing holder plate —>

Fixing bolts ~



Single row Angular Contact Ball Bearing
The figure Fig. is a Single row Angular Contact Ball Bearing. It is mostly
used for radial loads and heavy axial loads.




Double Row Angular Contact Bearing

Double Row Angular Contact Bearing, shown in Fig.14.2.4, has two rows
of balls. Axial displacement of the shaft can be kept very small even for
axial loads of varying magnitude.




Single thrust ball bearing
This Fig. shows a Single thrust ball bearing. It is mostly used for
unidirectional axial load.




Taper Roller Bearing
A taper roller bearing and its nomenclature are shown in Fig.14.2.6

above. It is generally used for simultaneous heavy radial load and heavy
axial load. Roller bearings has more contact area than a ball bearing,
therefore, they are generally used for heavier loads than the ball

bearings.




Spherical Roller Bearing

A spherical roller bearing, shown in the Fig., has self aligning property. It

is mainly used for heavy axial loads. However, considerable amount of
loads in either direction can also be applied.




Cylindrical Roller Bearing

For heavy radial load and high speed use, cylindrical roller bearings,
shown in the Fig.,, are used. Within certain limit, relative axial
displacement of the shaft and the bearing housing is permitted for this

type of bearings.













BEARINGS

Bearings are machine elements which are used to support a
rotating member viz., a shaft. They transmit the load from a
rotating member to a stationary member known as frame or
housing.

They permit relative motion of two members in one or two
directions with minimum friction, and also prevent the motion in
the direction of the applied load.

The bearings are classified broadly into two categories based on
the type of contact they have between the rotating and the
stationary member

a. Sliding contact

b. Rolling contact Edit with WPS Office



ROLLING CONTACT BEARINGS

Instructional Objectives:

At the end of this lesson, the students should be able to
understand:

- About rolling contact bearings

- Ball bearing and roller bearing

- Basics definitions of design parameters of rolling contact
bearings

- Selection method for rolling contact bearings

Rolling contact bearings are also called anti-friction
pearing due to its low friction characteristics. These
pearings are used for radial load, thrust load and
combination of thrust and radial load. These bearings are
extensively used due to its relatively lower price, being
almost maintenance free and for its operational ease.
However, friction incf@ases at high speeds for rolling
contact bearings and it may be noisy while running.




Rolling element bearings involve separation of the
shaft and outer member by balls or rollers and thus
substitutes rolling friction for siding friction. Since the
contact areas are small and the stresses high, the
loaded parts of rolling element bearings are normally
made of hard, high strength materials, superior to those
of the shaft and outer member. These parts include
inner and outer rings (also called races) and the balls
or rollers. An additional component of the bearing is
usually a retainer or separator, which keeps the balls or
rollers separated.
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Both sliding and rolling element bearings have their place
in modern machinery. A major advantage of rolling element
bearings is low staring fiction. Sliding bearings can achieve
comparably low friction only after the full film is
established which is not there while starting. Rolling
bearings are ideally suited for applications involving high
starting loads. On the other hand fluid film bearings are
well suited for high rotating speeds with impact and
momentary overloads. The higher the rotating speed the
more effective the hydrodynamic pumping action. Also the
fluid film effectively cushions impact. High rotating speeds
are generally disadvantageous to rolling bearings because
of the rapid accumulation of fatigue cycles and the high
centrifugal force on the rolling elements.

Edit with WPS Office



Rolling element bearings take up more radial space
around the shaft, but fluid film bearings require greater
axial space. Rolling element bearings generate and
transmit a certain amount of noise where as fluid film
bearings do not normally generate noise and may dampen
noise from other sources. Sliding bearings are cheaper
than rolling element bearings for simple applications
where minimum lubrication provision is required. Another
advantage of rolling element bearings is that they can be
preloaded. This is important in applications requiring
precise positioning of the rotating member. The rolling
element bearings are also called antifriction bearings
which is a misnomer because these bearings do not
always provide a lower friction than fluid film bearings.
The typical values for coefficient of friction are givenin T-
XI11-16 of data book.

Edit with WPS Office



Types of Rolling Element Bearings:

Based on the shape of the rolling element they are classified in
two types.

1. Ball bearings which, are preferred for higher speed.
2. Roller bearings which are preferred for greater loads.

Both types are further subdivided into three based on the type of
load which they can support.

1. Radial load
2. Axial or Thrust loads.
3

. Combined Radial and axial loads or angular contact
bearings.

Edit with WPS Office



Ball bearings:

There are two types of ball bearings:

(A)_Radial load ball bearings which can take a small amount of

thrust. They are predominantly of four types:

i) Single row deep groove ii) Angular contact iii) Double row deep
groove iv) Self aligning.

Each bearing consist of four elements: 1) Inner race grooved on
its outer surface, 2) Outer race grooved on its inner surface, 3)
Balls, 4) Retainer or cage for spacing the balls so that they do not
touch each other.

(B) Thrust ball bearings:
These bearings are designed to carry only axial loads. They are of
three types:

One direction thrust bearing with parallel seats.

Self aligning one direction thrust bearing.

Two direction thrust bearingEm with WPS Off

ice



Roller bearings:

Based on the shape of the rollers they are of four types:

(a) Straight or cylindrical roller bearings which are meant for pure
radial loads.

(b) Spherical roller bearings are used where misalignment is likely
to occur. They can take large radial loads plus very small thrust
load. The spherical elements have the advantage of increasing
their contact area as the load is increased.

(c) Tapered Roller bearings combine the advantages of ball and
straight roller bearings since they can take any combination of
radial and thrust loads.

(d) Needle bearings are special case of cylindrical roller bearings
where the rollers have a length to diameter ratio of four or greater.
They have a high load capacity when Separators are used, but
may be obtained without separators. They are available both with
and without races.

In addition we have sphericaltoller and t’&a&ggeg_.fgl_ller thrust bearings. The
bearings described above représent only a small portion of the many available
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Bearing Lubrication
The purposes of bearing lubrication

-To provide a film of lubricant between the sliding and rolling
surfaces

-To help distribute and dissipate heat
-To prevent corrosion of the bearing surfaces

B’Bhﬁf@gﬁbﬂ&gaﬁs from the entrance of foreign matter

Either oil or grease may be used, with each having advantages in
certain situations.

Use Grease When Use Oil When

[. The temperature is not over 200°F. [. Speeds are high.

2. The speed 1s low. 2. Temperatures are high.

3. Unusual protection is required from 3. Oiltight seals are readily employed.
the entrance of foreign matter. 4. Bearing type is not suitable for grease

4. Simple bearing enclosures are desired. lubrication.

5. Operation for long periods without 5. The bearing is lubricated from a

attention 1s desired. Edit with WP eélil_ﬁalesupply which is also used

or other machine parts.




Preloading
Object of preloading

o

o

o

Remove internal clearance
ncrease fatigue life

Decrease shaft slope at bearing

Clearance




Standardization:

The manufacturers of radial ball bearings have adopted the
international standard dimensions, according to which the
bearings are mainly divided into three series called the light,
medium and heavy series. All bearings are designated by (XXXX)
four numbers. The first number gives the type of bearing i.e. single
row deep groove or angular contact etc. the second number gives
the series i.e. 2 for light, 3 for medium and 4 for heavy series, the
last two digits give the bore of the bearing which comes in
multiples of 5 mm above 20 mm. Between 10 mm and 20 mm
they are not standard. These numbers and corresponding size
namely bore; 0.D. & width are given in T-XIlI-20 of data book. For
example 6308 bearing number of SKF Company is for a medium
series single row deep groove ball bearing of 8 x 5= 40 mm bore.
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Design of Rolling Element Bearings:

The detail design of these bearings is a sophisticated engineering
endeavour too specialized to warrant extensive treatment here.
Further these bearings are manufactured and tested as an
assembled unit which precludes the manufacture of a rolling
element bearing suitable for a specific situation. Hence, the
selection and use of a rolling element bearing suitable to
particular situation is a concern to all engineers and will be
discussed in the following sections.

Bearing manufacturer’s catalogs identify bearings by nhumber; give

complete dimensional information, list rated load capacities and
furnish details concerning mounting, lubrication and operation.
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Load Capacity:

The load capacity of bearings is of two types: (a) Static capacity
and (b)Dynamic capacity.

(a) Static Capacity: The static load is defined as load actingon a
non-rotating bearing. Permanent deformation appears in balls and
race ways under static load of moderate magnitude and increase
gradually with increasing load. The permissible static load is
therefore dependent upon the permissible magnitude of
permanent deformation. Experience shows that a total permanent
deformation Of 0.0001 of the ball diameter occuring at the most
neavily loaded ball and race contact, can be tolerated in most
pearing applications without impairment of bearing operation. The
pasic static load rating is given in manufacturers catalog. As
these load ratings are for very slow speed of rotation, they are not
given in the tables of data book.
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(b) Dynamic Load: The dynamic capacity of a bearing is based on
the fatigue life of the material, contrasted with the static capacity
which is based on permanent deformation. As the individual life
of a bearing varies these bearings are tested in a group and the
basic load rating or specific dynamic capacity is established. The
AFBMA (Anti-Friction Bearing Manufacturing Association) has
established a standard load rating for bearings in which speed is
not a consideration. The basic load rating or specific dynamic
capacity, C is defined as the constant radial load which 90 percent
of a group of identical bearings can endure for a rating life of one
million revolutions of the inner ring (Stationary load and stationary
outer ring). This life is called L, life while the average life is that

life which 50 percent of the bearings can endure. Generally it is
about five times the L, lie. The use of the specific dynamic

capacity and bearing life for selection of bearings will be
illustrated in the solved problems. The effect of reliability on the
design is taken care of by the factor K., which are tabulated in T-
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Rating life:

Rating life is defined as the life of a group of apparently identical
ball or roller bearings, in number of revolutions or hours, rotating
at a given speed, so that 90% of the bearings will complete or
exceed before any indication of failure occur.

Suppose we consider 100 apparently identical bearings. All the
100 bearings are put onto a shaft rotating at a given speed while it
is also acted upon by a load. After some time, one after another,
failure of bearings will be observed. When in this process, the
tenth bearing fails, then the number of revolutions or hours lapsed
is recorded. These figures recorded give the rating life of the

bearings or simply Ly, life (10 % failure). Similarly, L, means, 50 %

of the bearings are operational. It is known as median life. Fig. 2.9
defines the life of rolling contact bearings.
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Lo , Median life

%o of bearings in operation
o |
-

Life of bearing

Fig. 2.9 Definition of life of rolling contact bearing
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Bearing load

If two groups of identical bearings are tested under loads P, and P- for respective
lives of Ly and Lz , then,

L |

L, [P ]
L, P

= 1_.-"

Where,
L : life in millions of revolution or life in hours
a . constant which is 3 for ball bearings and 10/3 for roller bearings

Basic load rating

It is that load which a group of apparently identical bearings can withstand for a
rating life of one million revolutions.

If , L Is taken as one million then the corresponding load

1

C =P(L)?

Where, C is the basic of dynamiic/foadrating



Therefore, for a given load and a given life the value of C
represents the load carrying capacity of the bearing for one

million revolutions. This value of C, for the purpose of bearing
selection, should be lower than that given in the manufacturer’s
catalogue. Normally the basic or the dynamic load rating as
prescribed in the manufacturer’'s catalogue is a conservative value,
therefore the chances of failure of bearing is very less.
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Design Procedure:

The design consists of selecting the proper type and size of a
bearing which can be fitted on the given shaft and will endure the
given load for the specified life with the specified reliability. The
bearing may be subjected to a pure radial, pure axial or a
combined load which may be constant in magnitude or vary in a
cyclic manner. For selecting a bearing subjected to a variable
cyclic load, we first calculate the mean load as per T-XI11-13 with
the help of formulae:

Where F,, F, etc. are loads acting for t;, t, units of time or N,, N,

revolutions. Having calculated the mean loads which can be
treated as constant load the procedure is as follows:

Step 1: Calculate the equivalent radial load as per T-XI11-13.

Step 2: If the life of the bearing is specified, calculate the required
specific dynamic capacity C, of the bearing as per T-XIlI-13. If the
life of the bearing is not specified, select life of the bearing as per
T-XI111-17 and then calculate C.

Step 3: When the shaft size isispecifiedselect the proper series of
bearing which has C greater than the calculated C, as per T-XI11-21.







Table XI1I-14

Factors X and Y For Rolling Element Bearings
F, K
- —= e
i.No. Bearing Type e _FL < e F.
: r
X Y X oy
1. Deep grove ball bearings 0.25 1 0 0.56 1.6
- & Angular contact ball bearings 1.14 1 0 0.35 0.57
. Self aligning ball bearings 0.65 1 Z.3 0.65 2.8
4. Spherical roller bearings 0.30 1 2.5 0.67 3.5
5. Taper roller bearings 0.35 1 0 0.40 2.0
For exact values refer manufacturers catalogue.
Table XIII-15
WVarious Factors in Bearing Load Calculation
S.No. Item Constant
1. Oscillation factor, K
i) Constantrotational speed of races 1.0
ii) Sinusoidal oscillations of the races 0.67
iii) Other non constant rotational conditions 05-1.5
s Preloading factor, K,
1) Nmpreluaded'hearings 1.0
ii) Preloaded bearings 1.05 - 1.2
3. Rotational factor, K,
i) Outer race fixed Inner race rotating 1.0
ii) Outer race rotating Inner race fixed 3 17, T
iii) Outer & Inner races rotating in ite 4-1.6
firecti opposMe) 2.0
4. Service factor, K Balll = -
i) Uniform & load 1.0 T0. —
ii) Lightshock'load 15, 55
iii) Moderate shockload 2.0 =) 1-3
iv) Heavyshockload 2: 5 - 1-?
5. Reliability factor, K o/
Reliability % Rehab:]ity %_ Reliability % K.
= dit widh WPS Offwe 30 8.0
70 e 50 20 10.5
70 29 40
6.4 10 14.5




Table X111-16
Coefficient of Friction, g, In Rolling Element Bearings
5.No Ihem i
T Angular constant ball bearing 0.0032
1, Cylindrical roller, short roller, flange guided 0.0011
3. Deep groove, single row ball bearing 0.0015
4. Needle bearing 0.0045
5. Self aligning ball bearing 0.0010
6. Tapered roller, sperical roller, Aange guided 0.0018
7 Thrust ball bearing 0.0013
Table XI11-17
Desirable Life of Bearings In Various Machines
S.No. | Name of machines Desirable life in
- hours
L Instruments, apparatus in seldom use, demonstration 500
models, sliding doors
2 Air crafts 1000 - 2000
3. Machine used intermittantly and where break downs 4000 - BO0O
hand tools, erection machines.
4 Machine used 8 hours per day and not fully loaded
: electric motors, gear boxes for general purpose.
5. | Machines for continuous duties machines for  hours
e hotsts, pumps, sompressors, machiries in chemical
|




Table XII1-18 . :
Design Formulae For Needle Bearings

Item

Relation

Load capacity, F, N

Hardness factor, K,

F=K K P.L.D.

Where,
L =length of needles, mm

D = Diameter of inner race, mm
K K, ,P=as defined below

63-(Rc)
Ko =1~ 2000
Where,
R.=Rock well hardness of race way.

14
h:K, =——

Ly

110

P=—r
D,N
Where,
D, = Diameter of revolving race, mm.

P =35 MPa for oscillating bearings.




' Table XIII-19
Design Practice For Needle Bearings

S.No. ihen Practice
1. | Needlediametersfor Shaft Needle Radial clearance,
various shafts diameter, mm diameter, mm mim.
10-20 15 0.0125 - 0.04
20 - 30 2.0 0.0175 - 0.05
30 - 50 3.0 0.0200 - 0.055
50 - 75 3.0 0.0250 - 0.0650
75-125 4.0 0.0300 - 0.0750
125 - 175 4.0 0.0350 - 0.850
2. Available needlelengths Needle diameter, mm Available needle lengths, mm
15 9,12,15
2.0 10, 20, 25
3.0 20, 25, 28
4.0 20
5.0 12,20525,30;35
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Table XIII-20

Common Bearings Series And Dimensions
d = Bore d‘.ilme-l!r mm, D = Outside diameter mm, B = Width mm

No. | Bore| 19 xxseries | 01 xxseries | 02xxseries | 03 xxseries | 04 xx series
F: d D ] D B D B D B ] B
oo |10 |l =2 | & 2% | & 3 |9 35 11 -
o1 12 24 3 28 B 32 10 3F 12 42 13
@ |15 |28 |7 32 |9 35 11 42 13 | =2 15
03 17 ap 7 a5 10 40 12 47 14 62 17
04 20 a7z 9 42 12 47 14 52 15 72 19
05 5 42 9 47 12 52 15 62 17 80 21
O 30 47 ) 55 13 62 16 72 19 an 23
o7 a5 55 10 62 14 72 17 &0 21 100 25
0.3 40 62 12 (it 15 BO 18 o0 23 110 xr
(1) 45 68 12 i) 16 B5 19 10 25 120 29
o 50 72 12 B0 16 90 20 110 27 130 31
1 55 BO 13 20 18 100 21 120 29 140 33
12 B0 B5 13 95 18 110 22 130 31 150 a5
13 65 90 13 100 18 120 3 140 a3 160 37
14 70 100 156 110 20 125 24 150 a5 150 42
15 75 105 16 115 | 20 130 | 25 160 ar 190 45
16 BO 110 16 125 22 140 26 170 3 200 48
17 85 120 18 130 2 150 2B 180 41 210 52
18 90 125 18 140 24 160 30 190 43 225 a4
19 a5 130 18 145 24 170 32 200 45 240 55
20 100 140 | 20 150 | 24 180 | 34 215 47 250 58
n 105 | 145 | 20 160 | 26 190 | 3 225 49 260 | 60
22 110 | 150 | 20 170 | 28 200 | 28 240 | 50 280 | &5
24 120 | 165 | 22 180 | 28 215 | 40 260 | 55 310 | 72
l—H 130 180 | 24 . a3 230 | 40 280 58 340 | 7B
w | 150 | 210 | o N/A:CEDI witfPWPS Offe | 62 | 30 | &
30 150 | 210 | 28 : W] 270 | 45 320 | 65 asn0 | 85




Table X111-21

M““’““ﬁfﬁmﬁﬁmﬁmuﬂuﬂmn-@
li;. Hu‘Bﬂr:u“ MD::P m; Ball Bearing Cylindrical Raller bearings
e [ NZax N3xx
.{oo | 10 3600 | 4000 00 . ; _
210 | 12 4000 | s400 7650 p ’
3| 15 00 G100 RAO0 - - :
4103 117 | 4650 | 7500 | 1m%é00 | 18000 > :
5004 120 | 7350 | 10000 | 12500 | 24000 z ;
6. |05 | 25 7800 | 11000 16600 ZR000 11100 23600
7.1 06 | 30 10403 | 15300 22000 33500 18300 - 30800
4|07 | 35 12500 | 20000 26000 43000 2R500 29900
9.1 08 | 40 | 13200 | 22800 32000 50000 34700 47100
10.] 09 | 45 | 16300 | 25800 41500 0000 36200 64800
1|10 | 50 | 17000 | 27500 48000 BRO00 7600 72000
121 11 | 55 | 22000 | 34000 56000 7RO00 46000 94200
13.| 12 | 60 | 22800 | 40500 #4000 A5000 56600 10,5100
M.|13 | 65 24000 | 44000 72000 S3000 66100 117800
15.| 14 | 70 | 30000 | 48000 1500 112000 66100 138200
16|15 | 75 | 31000 | 52000 | 90000 | 1,20.000 81500 165301
17| 16 | 80 | 37500 | 57000 95500 127000 BBA00 165300
18| 17 | 85 | 39000 | 65000 | 104000 | 134000 101500 199300
19.| 18 | 90 | 45500 | 75000 | 112000 | 146000 129100 215200
20.| 19 | 95 47500 | 85000 m 160000 142700 244600
21.| 20 | 100 | 47500 | 96500 137000 176000 155300 285400
2|21 | 105 | 54300 |102400 | 145000 | 193400 - 2
23|22 | 110 | 63400 - 145000 | 193400 : -
24|24 |120 | 6100 | 2 - - 226500 444000
.26 | 130 | 7900 | ‘Edit withh WHS Office | 5500
26.| 28 | 140 | 86000 . . = m
|27.| 30 |10 | 97800 | - Ly i - | eeRAR




Needle Bearings:

The use of needle bearings is rapidly increasing because of their
comparatively small radial dimensions and their exceptionally
high load capacity, particularly at low peripheral speeds. However
the coefficient of friction in needle bearings is three to four times
that of deep groove ball or cylindrical roller bearings as shown in
T-XIII-16 of data book. Generally the needle bearings are used
without races. The design procedure for these bearings is as
follows:

Step1: Select the needle diameter as per T-XI1-19. Calculate the
diameter of the revolving race.

Step 2: Calculate the allowable pressure as per T-XI11-18

Step 3: Calculate hardness factor K, and life load factor K, as per

T-XI11-18.
Step 4: From the required load capacity, calculate the length of

the needles as per T-XII=13. Selectwthestandard length available
as per T-XIII-19.




Ball bearing

A typical ball bearing is shown the Fig. 2.1. The figure shown on
the right side, with nomenclature, is the schematic representation

of the actual bearing.

Steel
balls

r ﬁ:' -.___.r'
V™~

diameter (d)/"

'fi

diameter (D)

Retainer

2.1 A typical ball bearing
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The bearing shown in the figure is called Single row deep groove
ball bearing. It is used to carry radial load but it can also take up
considerable amount of axial load. The retainer keeps the steel
balls in position and the groove below the steel balls is the inner
ring and over it is the outer ring. The outer ring, called outer race,
is normally placed inside a bearlng housmg which is fixed, while
the inner race holds '

Bearing housing

Therefore, a seat Oluter race
of diameter d and
width B is
provided on the |
shaft to press fit S e e e el
the bearing. The skt sem/ .
arrangement for Rotating shaft
. . Bearing holder plate —*
housing a bearing
is shown through Fixing bolts <
a,SChemat!C Edit with WPS Office
dlagram, Flg 2.2. 2.2 A typical arrangement for housing a bearing

Inner race




Single row Angular Contact Ball Bearing
The figure Fig. is a Single row Angular Contact Ball Bearing. It is
mostly used for radial loads and heavy axial loads.
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Double Row Angular Contact Bearing

Double Row Angular Contact Bearing, shown in Fig.14.2.4, has two
rows of balls. Axial displacement of the shaft can be kept very
small even for axial loads of varying magnitude.
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Single thrust ball bearing
This Fig. shows a Single thrust ball bearing. It is mostly used for
unidirectional axial load.
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Taper Roller Bearing

A taper roller bearing and its nomenclature are shown in Fig.14.2.6
above. It is generally used for simultaneous heavy radial load and
heavy axial load. Roller bearings has more contact area than a ball

bearing, therefore, they are generally used for heavier loads than
the ball bearings.
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Spherical Roller Bearing
A spherical roller bearing, shown in the Fig., has self aligning
property. It is mainly used for heavy axial loads. However,

considerable amount of loads in either direction can also be
applied.
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Cylindrical Roller Bearing

For heavy radial load and high speed use, cylindrical roller
bearings, shown in the Fig., are used. Within certain limit, relative
axial displacement of the shaft and the bearing housing is
permitted for this type of bearings.
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Problem for Journal

S-18
A 75 mm diameter machine shaft is to be supported at the ends. If operates continuously for 10
8 hrs/day. 300 days/year for 12 yrs. The load and speed cycle for bearing is as follows :

Sr. | Fraction of | Radial load | Thrust load Speed Types of load
No. cycle (KN) (KN) (RPM)
I 0.25 3 1.5 1000 Light Shock
2. 0.25 2 1 1500 Moderate Shock
3 0.5 25 1.2 800 Steady

Select suitable bearing No.
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BEARINGS

Bearings are machine elements which are used to support a rotating
member viz., a shaft. They transmit the load from a rotating member to
a stationary member known as frame or housing.

They permit relative motion of two members in one or two directions
with minimum friction, and also prevent the motion in the direction of

the applied load.

The bearings are classified broadly into two categories based on the
type of contact they have between the rotating and the stationary
member

a. Sliding contact

b. Rolling contact



ROLLING CONTACT BEARINGS

Instructional Objectives:

At the end of this lesson, the students should be able to
understand:

e About rolling contact bearings

e Ball bearing and roller bearing

e Basics definitions of design parameters of rolling contact
bearings

e Selection method for rolling contact bearings

Rolling contact bearings are also called anti-friction bearing due
to its low friction characteristics. These bearings are used for
radial load, thrust load and combination of thrust and radial
load. These bearings are extensively used due to its relatively
lower price, being almost maintenance free and for its
operational ease. However, friction increases at high speeds for
rolling contact bearings and it may be noisy while running.



Rolling element bearings involve separation of the shaft and
outer member by balls or rollers and thus substitutes rolling
friction for siding friction. Since the contact areas are small
and the stresses high, the loaded parts of rolling element
bearings are normally made of hard, high strength materials,
superior to those of the shaft and outer member. These
parts include inner and outer rings (also called races) and
the balls or rollers. An additional component of the bearing
is usually a retainer or separator, which keeps the balls or
rollers separated.



Both sliding and rolling element bearings have their place in
modern machinery. A major advantage of rolling element
bearings is low staring fiction. Sliding bearings can achieve
comparably low friction only after the full film is established
which is not there while starting. Rolling bearings are ideally
suited for applications involving high starting loads. On the other
hand fluid film bearings are well suited for high rotating speeds
with impact and momentary overloads. The higher the rotating
speed the more effective the hydrodynamic pumping action.
Also the fluid film effectively cushions impact. High rotating
speeds are generally disadvantageous to rolling bearings
because of the rapid accumulation of fatigue cycles and the high
centrifugal force on the rolling elements.



Rolling element bearings take up more radial space around the
shaft, but fluid film bearings require greater axial space. Rolling
element bearings generate and transmit a certain amount of
noise where as fluid film bearings do not normally generate
noise and may dampen noise from other sources. Sliding
bearings are cheaper than rolling element bearings for simple
applications where minimum lubrication provision is required.
Another advantage of rolling element bearings is that they can
be preloaded. This is important in applications requiring precise
positioning of the rotating member. The rolling element
bearings are also called antifriction bearings which is a
misnomer because these bearings do not always provide a
lower friction than fluid film bearings. The typical values for
coefficient of friction are given in T-XllI-16 of data book.



Types of Rolling Element Bearings:

Based on the shape of the rolling element they are classified in two
types.

1. Ball bearings which, are preferred for higher speed.
2. Roller bearings which are preferred for greater loads.

Both types are further subdivided into three based on the type of load
which they can support.

1. Radial load
2. Axial or Thrust loads.
3. Combined Radial and axial loads or angular contact bearings.



Ball bearings:

There are two types of ball bearings:

(A) Radial load ball bearings which can take a small amount of thrust.

They are predominantly of four types:

i) Single row deep groove ii) Angular contact iii) Double row deep groove
iv) Self aligning.

Each bearing consist of four elements: 1) Inner race grooved on its outer
surface, 2) Outer race grooved on its inner surface, 3) Balls, 4) Retainer
or cage for spacing the balls so that they do not touch each other.

(B) Thrust ball bearings:

These bearings are designed to carry only axial loads. They are of three
types:

One direction thrust bearing with parallel seats.

Self aligning one direction thrust bearing.

Two direction thrust bearing.




Roller bearings:

Based on the shape of the rollers they are of four types:

(a) Straight or cylindrical roller bearings which are meant for pure radial
loads.

(b) Spherical roller bearings are used where misalignment is likely to
occur. They can take large radial loads plus very small thrust load. The
spherical elements have the advantage of increasing their contact area
as the load is increased.

(c) Tapered Roller bearings combine the advantages of ball and straight
roller bearings since they can take any combination of radial and thrust
loads.

(d) Needle bearings are special case of cylindrical roller bearings where
the rollers have a length to diameter ratio of four or greater. They have a
high load capacity when Separators are used, but may be obtained
without separators. They are available both with and without races.

In addition we have spherical roller and tapered roller thrust bearings. The bearings
described above represent only a small portion of the many available for selection.
Many special purpose bearings are also made for special classes of machinery.



Bearing Lubrication

The purposes of bearing lubrication

oTo provide a film of lubricant between the sliding and rolling surfaces
°To help distribute and dissipate heat

oTo prevent corrosion of the bearing surfaces

oTo protect the parts from the entrance of foreign matter

Bearing Lubrication

Either oil or grease may be used, with each having advantages in certain
situations.

Use Grease When Use Oil When

[. The temperature is not over 200°F. [. Speeds are high.

2. The speed is low. 2. Temperatures are high.

3. Unusual protection is required from 3. Oiltight seals are readily employed.
the entrance of foreign matter. 4. Bearing type is not suitable for grease

4. Simple bearing enclosures are desired. lubrication.

N

5. Operation for long periods without . The bearing is lubricated from a
attention is desired. central supply which is also used
for other machine parts.




Preloading

Object of preloading

cRemove internal clearance
olncrease fatigue life

oDecrease shaft slope at bearing

Clearance




Standardization:

The manufacturers of radial ball bearings have adopted the
international standard dimensions, according to which the bearings are
mainly divided into three series called the light, medium and heavy
series. All bearings are designated by (XXXX) four numbers. The first
number gives the type of bearing i.e. single row deep groove or angular
contact etc. the second number gives the series i.e. 2 for light, 3 for
medium and 4 for heavy series, the last two digits give the bore of the
bearing which comes in multiples of 5 mm above 20 mm. Between 10
mm and 20 mm they are not standard. These numbers and
corresponding size namely bore; O.D. & width are given in T-XIlI-20 of
data book. For example 6308 bearing number of SKF Company is for a
medium series single row deep groove ball bearing of 8 x 5= 40 mm
bore.



Design of Rolling Element Bearings:

The detail design of these bearings is a sophisticated engineering
endeavour too specialized to warrant extensive treatment here. Further
these bearings are manufactured and tested as an assembled unit which
precludes the manufacture of a rolling element bearing suitable for a
specific situation. Hence, the selection and use of a rolling element
bearing suitable to particular situation is a concern to all engineers and
will be discussed in the following sections.

Bearing manufacturer’s catalogs identify bearings by number; give
complete dimensional information, list rated load capacities and furnish
details concerning mounting, lubrication and operation.



Load Capacity:

The load capacity of bearings is of two types: (a) Static capacity and
(b)Dynamic capacity.

(a) Static Capacity: The static load is defined as load acting on a non-
rotating bearing. Permanent deformation appears in balls and race ways
under static load of moderate magnitude and increase gradually with
increasing load. The permissible static load is therefore dependent upon
the permissible magnitude of permanent deformation. Experience
shows that a total permanent deformation Of 0.0001 of the ball
diameter occuring at the most heavily loaded ball and race contact, can
be tolerated in most bearing applications without impairment of bearing
operation. The basic static load rating is given in manufacturers catalog.
As these load ratings are for very slow speed of rotation, they are not
given in the tables of data book.



(b) Dynamic Load: The dynamic capacity of a bearing is based on the
fatigue life of the material, contrasted with the static capacity which is
based on permanent deformation. As the individual life of a bearing
varies these bearings are tested in a group and the basic load rating or
specific dynamic capacity is established. The AFBMA (Anti-Friction
Bearing Manufacturing Association) has established a standard load
rating for bearings in which speed is not a consideration. The basic load
rating or specific dynamic capacity, C is defined as the constant radial
load which 90 percent of a group of identical bearings can endure for a
rating life of one million revolutions of the inner ring (Stationary load
and stationary outer ring). This life is called L,, life while the average life
is that life which 50 percent of the bearings can endure. Generally it is
about five times the L, lie. The use of the specific dynamic capacity and
bearing life for selection of bearings will be illustrated in the solved
problems. The effect of reliability on the design is taken care of by the
factor K, which are tabulated in T-XIll-15 of data book.

rel



Rating life:

Rating life is defined as the life of a group of apparently identical ball or
roller bearings, in number of revolutions or hours, rotating at a given
speed, so that 90% of the bearings will complete or exceed before any
indication of failure occur.

Suppose we consider 100 apparently identical bearings. All the 100
bearings are put onto a shaft rotating at a given speed while it is also
acted upon by a load. After some time, one after another, failure of
bearings will be observed. When in this process, the tenth bearing fails,
then the number of revolutions or hours lapsed is recorded. These
figures recorded give the rating life of the bearings or simply L,,life (10
% failure). Similarly, L, means, 50 % of the bearings are operational. It is
known as median life. Fig. 2.9 defines the life of rolling contact bearings.



Lo , Median life

%o of bearings in operation
[
!

Life of bearing

Fig. 2.9 Definition of life of rolling contact bearing



Bearing load

If two groups of identical bearings are tested under loads P, and P, for respective
lives of L1 and L> , then,

Where,
L : life in millions of revolution or life in hours
a . constant which is 3 for ball bearings and 10/3 for roller bearings

Basic load rating

It is that load which a group of apparently identical bearings can withstand for a
rating life of one million revolutions.

if , L is taken as one million then the corresponding load

1
C=P(L)*

Where, Cis the basic or dynamic load rating



Therefore, for a given load and a given life the value of C represents the
load carrying capacity of the bearing for one million revolutions. This
value of C, for the purpose of bearing selection, should be lower than
that given in the manufacturer’s catalogue. Normally the basic or the
dynamic load rating as prescribed in the manufacturer’s catalogue is a
conservative value, therefore the chances of failure of bearing is very
less.



Design Procedure:

The design consists of selecting the proper type and size of a bearing
which can be fitted on the given shaft and will endure the given load for
the specified life with the specified reliability. The bearing may be
subjected to a pure radial, pure axial or a combined load which may be
constant in magnitude or vary in a cyclic manner. For selecting a bearing
subjected to a variable cyclic load, we first calculate the mean load as
per T-XIl-13 with the help of formulae:

Where F,, F, etc. are loads acting for t,, t, units of time or N, N,,
revolutions. Having calculated the mean loads which can be treated as
constant load the procedure is as follows:

Step 1: Calculate the equivalent radial load as per T-XIlI-13.

Step 2: If the life of the bearing is specified, calculate the required
specific dynamic capacity C, of the bearing as per T-XIllI-13. If the life of
the bearing is not specified, select life of the bearing as per T-XIlI-17 and
then calculate C.

Step 3: When the shaft size is specified select the proper series of
bearing which has C greater than the calculated C, as per T-XIlI-21.







Table XI11-14

Factors X and Y For Rolling Element Bearings

F ]
- F, = e
».No. Bearing Type e ¥ < e F.
; r
X X Y
5 3 Deep grove ball bearings 0.25 1 0 0.56 1.6
2. Angular contact ball bearings 1.14 1 0 0.35 0.57
3 Self aligning ball bearings 0.65 1 23 0.65 2.8
4. Spherical roller bearings 0.30 1 25 0.67 3.5
5. Taper roller bearings 0.35 1 0 0.40 2.0
For exact values refer manufacturers catalogue.
Table XIII-15
Various Factors in Bearing Load Calculation
S.No. Item Constant
1. Oscillation factor, K|
i) Constantrotational speed of races 1.0
ii) Sinusoidal oscillations of the races 0.67
iii) Other non constant rotational conditions 05-15
S Preloading factor, K,
i) Nmpreloaded.beaxm@ 1.0
ii) Preloaded bearings 1.05-1.2
3. Rotational factor, K_
i) Outer race fixed Inner race rotating 1.0
ii)) Quter race rotating Inner race fixed 1 [, R 172
iii) Outer & Inner races rotating in o ite
o it pPposite 2.0
4. Service factor, K Ballt ings =
i) Uniform & steady load 1.0 .
ii) Lightshock'load T %’8
fli) Moderate shock load 20 = 1'3
iv) Heavyshockload 25 ° 1:7
5. Reliability factor, Kz! .
Reliability = K Reliability % K Reliability % | K_,
80 2.0 - 4.0 30 8.0
5 29 o 5.0 20 10.5
70 29 40 o 10 e




Table XIII-16

Coefficient of Friction, i, In Rolling Element Bearings

’5—‘1:]-0.- Item u
1. Angular constant ball bearing 0.0032
o Cylindrical roller, short roller, flange guided 0.0011
3, Deep groove, single row ball bearing 0.0015
4, Needle bearing 0.0045
5. Self aligning ball bearing 0.0010
6. Tapered roller, sperical roller, flange guided 0.0018
Z. Thrust ball bearing 0.0013
Table XIII-17
Desirable Life of Bearings In Various Machines
S.No. | Name of machines Desirable life in
hours
1 Instruments, apparatus in seldom use, demonstration 500
models, sliding doors _
& Air crafts 1000 - 2000
3. Machine used intermittantly and where break downs 4000 - 8000
are not of serious consequence, domestic machines,
hand tools, erection machines.
4, Machine used 8 hours per day and not fully loaded 12000 - 20000
electric motors, gear boxes for general purpose. )
5 Machines for continuous:duties, machines for 8 hours 20006 - 40000
_ duties with full load service, ventilation fans, cranes,
~ mine hoists, pumps, COMPressors, machines in chemical
and textile industries. ;
6. Machines with high degree of reliability and 24 hour 100000 - 200000
i per day duty, power plants, water works, ships. '
e S %




Table X1II-18

Design Formulae For Needle Bearings

Item

Relation

I.md capaClty, FI N

Hardness factor, K,
Life load factor, K, Q‘»\

~ Allowablepressure, P,MPa

F=K K P.L.D.

Where,
L = length of needles, mm

D = Diameter of inner race, mum
K, K, P=as defined below

K,=1- o3k
4000
Where,

R.=Rock well hardness of race way.
14

kl,"Kl - %/E

—_——

~{D\N
Where,

D, = Diameter of revolving race, mm.
N = Revolutions per minute.
P =35 MPa for oscillating bearings.




: Table XIII-19
Design Practice For Needle Bearings

S.No. Item Practice
1. | Needlediameters for Shaft Needle Radial clearance,
various shafts diameter, mm diameter, mm mm.
10 - 20 1.5 0.0125 - 0.04
20-30 2.0 0.0175 - 0.05
30 - 50 3.0 0.0200 - 0.055
50 - 75 3.0 0.0250 - 0.0650
75 -125 4.0 0.0300 - 0.0750
125 - 175 4.0 ' 0.0350 - 0.850
2. | Availableneedlelengths Needle diameter, mm Available needle lengths, mm
1 9,12, 15
2.0 10, 20, 25
3.0 20, 25, 28
4.0 20 .
5.0 12,:203:25,°30;°35
70— 30




d = Bore diameter mm,

Table XIII -20

Common Bearings Series And Dimensions
D = Outside diameter mm, B = Width mm

02 xx series

03 xx series.

04 xx series

No. | Bore | 19 xx series | 01 xx series

B d D B D B D B D B D B
00 10 22 6 26 8 30 9 35 11 - -
Mol 12 12 | 6 28 | 8 7 R 1 o S 122 't 13
02 15 28 7 32 9 35 11 42 13 52 15
03 17 30 % 35 10 40 12 47 14 62 17
04 20 37 9 42 12 47 14 52 15 72 19
05 25 42 9 47 12 52 15 62 17 80 21
06 30 47 9 55 13 62 16 72 19 90 23
07 35 55 10 62 14 72 17 80 21 100 25
08 40 62 12 68 15 80 18 90 23 110 27
09 45 68 12 75 16 85 19 100 25 120 29
10 50 72 12 80 16 90 20 110 27 130 31
11 55 80 13 90 18 100 21 120 29 140 33
12 60 85 13 95 18 110 22 130 31 150 35
13 65 90 13 100 18 120 23 140 33 160 37
14 70 100 16 110 20 125 24 150 35 180 42
15 75 105 16 115 20 130 25 160 37 190 45
16 80 110 16 125 22 140 26 170 39 200 48
17 85 120 18 130 22 150 28 180 41 210 52
18 90 125 18 140 24 160 30 190 43 225 54
19 95 130 18 145 24 170 32 200 45 240 55
20 100 140 20 150 24 180 34 215 47 250 58
21 105 145 20 160 26 190 36 225 49 260 60
22 110 150 20 170 28 200 38 240 50 280 65
24 120 165 22 180 28 215 40 260 55 310 72
26 130 180 24 200 33 230 40 280 58 340 78
28 140 190 24 - 210 33 250 42 300 62 360 82
30 150 210 | 28 225 35 270 45 320 65 380 85




Table X111-21

Specific Dynamic Capacities of Ball & Roller Bearings
NS‘;. No.Bm:\m OI):p gr(());:: Ball Bearing Cylindrical Roller bearings
03xx 04xx N2xx N3xx
1.100 | 10 [ 3600 | 4000 6300 ) ; 5
2.101 [ 12 | 4000 | 5400 7650 = 2 3
3.002 | 15 | 4400 | 6100 8800 : S -
4103 | 17 | 4650 | 7500 10600 | 18000 ; :
5.[04 | 20 | 7350 | 10000 | 12500 | 24000 - a
6. 05 | 25 7800 | 11000 16600 28000 11100 23600
7.106 | 30 | 10400 | 15300 | 22000 | 33500 18300 . 30800
8.107 | 35 | 12500 | 20000 | 26000 | 43000 26500 39900
9.[08 40 | 13200 | 22800 | 32000 | 50000 34700 47100
10.| 09 | 45 | 16300 | 25500 | 41500 | 60000 36200 64800
1.1 10 | 50 | 17000 | 27500 | 48000 | 68000 37600 77000
1.1 11 | 55 | 22000 | 34000 | 56000 | 78000 46000 94200
13.| 12 | 60 | 22800 | 40500 | 64000 | 85000 56600 10.5100
14.1 13 | 65 | 24000 | 44000 | 72000 | 93000 66100 117800
15.| 14 | 70 | 30000 | 48000 | 81500 | 112000 66100 138200
16.| 15 | 75 | 31000 | 52000 [ 90000 | 1,20,000 81500 165300
17.| 16 | 80 | 37500 | 57000 | 96500 | 127000 88800 165300
18.] 17 | 85 | 39000 | 65000 |- 104000 | 134000 101500 199300
19.] 18 | 90 | as500 | 75000 | 112000 | 146000 129100 215200
20.| 19 | 95 | 47500 | 85000 | 120000 | 160000 142700 244600
21.1 20 | 100 | 47500 | 96500 | 137000 | 176000 155300 285400
22.| 21 | 105 | 54300 |102400 | 145000 | 193400 2 =
23|22 |110 | 63400 | - 145000 | 193400 = =
24.| 24 | 120 | 66100 | - - - 226500 #40u
25.| 26 | 130 | 79700 |* - 5 ] £ 525000
2.| 28 | 140 | 86000 | - “ 3 - 8l 584000
[27.| 30 150 | 97800 | - AT |5 S - :




Needle Bearings:

The use of needle bearings is rapidly increasing because of their
comparatively small radial dimensions and their exceptionally high load
capacity, particularly at low peripheral speeds. However the coefficient
of friction in needle bearings is three to four times that of deep groove
ball or cylindrical roller bearings as shown in T-XIll-16 of data book.
Generally the needle bearings are used without races. The design
procedure for these bearings is as follows:

Stepl: Select the needle diameter as per T-XII-19. Calculate the
diameter of the revolving race.

Step 2: Calculate the allowable pressure as per T-XIII1-18

Step 3: Calculate hardness factor K, and life load factor K, as per T-XllI-
18.

Step 4: From the required load capacity, calculate the length of the
needles as per T-XIII-18. Select the standard length available as per T-
XI1-19.



Ball bearing

A typical ball bearing is shown the Fig. 2.1. The figure shown on the right
side, with nomenclature, is the schematic representation of the actual

bearing.

Steel
balls

diameter (D)

Retainer

2.1 A typical ball bearing



The bearing shown in the figure is called Single row deep groove ball
bearing. It is used to carry radial load but it can also take up
considerable amount of axial load. The retainer keeps the steel balls in
position and the groove below the steel balls is the inner ring and over it
is the outer ring. The outer ring, called outer race, is normally placed
inside a bearing housing which is fixed, while the inner race holds the
rotating shaft.

Bearing housing

Oluter race

Inner race

Therefore, a seat of
diameter d and
width B is provided
on the shaft to
press fit the T =e eSS —-@
bearing. The Bearing seat
arrangement for
housing a bearing is
shown through a
schematic diagram,

1 2 ! i P . . .
F|g. 2.2, 2.2 A typical arrangement for housing a bearing

Rotating shaft
Bearing holder plate —>

Fixing bolts ~



Single row Angular Contact Ball Bearing
The figure Fig. is a Single row Angular Contact Ball Bearing. It is mostly
used for radial loads and heavy axial loads.




Double Row Angular Contact Bearing

Double Row Angular Contact Bearing, shown in Fig.14.2.4, has two rows
of balls. Axial displacement of the shaft can be kept very small even for
axial loads of varying magnitude.




Single thrust ball bearing
This Fig. shows a Single thrust ball bearing. It is mostly used for
unidirectional axial load.




Taper Roller Bearing
A taper roller bearing and its nomenclature are shown in Fig.14.2.6

above. It is generally used for simultaneous heavy radial load and heavy
axial load. Roller bearings has more contact area than a ball bearing,
therefore, they are generally used for heavier loads than the ball

bearings.




Spherical Roller Bearing

A spherical roller bearing, shown in the Fig., has self aligning property. It

is mainly used for heavy axial loads. However, considerable amount of
loads in either direction can also be applied.




Cylindrical Roller Bearing

For heavy radial load and high speed use, cylindrical roller bearings,
shown in the Fig.,, are used. Within certain limit, relative axial
displacement of the shaft and the bearing housing is permitted for this

type of bearings.













BEARINGS WITH SLIDING CONTACT
13.1 Introduction:

A bearing is a machine part which supports a moving part and confines its motion Sliding
beaings involive direct sliding of the load carrying member on its supportas distinguished
trom rolling contact bearings where balls or olers are interposed between the moving
surfaces. Slidng bearings are of two types (1)Journal o sleeve bear ngs which are cylindrical
and support radialloads |l.e. loads perpendicular to shaft axis) and (2) Thrust bearings which
are generally flat and support | loads in the direction of the shaft axis. The part of the
shaftwhich rotates in a bearngiscaled oural. When relative motion occurs between the
sufaces it is usually desirable tu minimize friction and wear. Any interposed substance that
reduces friction and wear is a lubricant. Lubricants are uslaly liquid, but can be semisolid
(greases) or gas (pressurized air).

There are many types of lubrication. It is classified according to the degree with which the
lubricant separates the sliding surfaces. The three basic types are :

1. Hydrodynamic or Thick Film or Fluid Film Lubrication : linvoives complete separation of
bhe sutaces by the lubricant fim. The load tending to bring the surfaces together is entirely
supported

iug pressure generated by the motion of the surflaces. Typical Im tickness at the thinnest
pont are 0.008 to 0.020 mm and typical values of coefficient of friction are 0.002 t0.010.

2. Mixed Film Lubrication : It involves intermittent contact of surface peaks, and partal
hydrodynamic support. Coefficients of friction commonly range from 0.004 to 0.010.

3. Boundary or Thin Film Lubrication : Itinvolves continuous and extensive surface contact.
but the lubrcant s continuously smeared over the surfaces and provides a continuously
renewed adsorbed surface fim which reduces fiction and wear. lypical values of coeficient of
frictions are 0.05 to 0.20.

Complete surface separation can also be achieved by hydrostati lubrication. This inyolves
Introducing a highly pressurized fluid (as air, ol or water) into the load bearing area. Since the
flud s

pressurized by external means, ful urlace separation can be obtained irrespective of whether
or nol there is relative motion between the surfaces. The prncipal advantage is extremely
low fncton at all times, including starting and low speed operation. Disadvantades are the
cost and complication.

The most desirable type of lubrication is obviously thick filrn or hydrodynamic lubrication
and

this will be treated in greater detail beginning with the next section. Boundary lubrication and
hydrostatic lubrication are treated in later sections
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13.2 Hydrodynamic Lubrication:
hin rtm

Unstobie

Hy drodynamic

The three basic pararngters whuch affgct the lype of lubrcaton and the resulting coutlat of
friction is shown in the tgure bulow These |hree basic pararneters are combined into a

2n

single variab kaled bearng modulus Z absolute viscosly mpa
n=speed of ournal. rps P=Unit load on the proected area MPa
Zn/p

Fig. 13.1

1. Viscosity Z : The higher the viscosity, the lower the rotating speed needed to toat the
journal at a given load. Incrases in viscosity beyond that necessary to establsh thick

hydrodynamic lubrication increase bearing friction by increasing the forces requred to sheat
th lubricant ilm.

2. Rotating speed n : The higher the rotating speed, thg lower the viscosly nded ta tioat the
ournal at a given load. Once hydrodynarmic lubrication is achieved, further increases in
rotating speed increase bearing friction.

The achievement of hydrodynamic lubrication requires three things Continuous relative
motion of the surface to be separated. Wedging action as provided by the eccentricity and

Supply of sufficient quantity of suitable fiuid.

In addition to the three parameters mentioned above, other two parameters which affect the
bearing performance are:

Length to diameter ratio of the journal, ni
Clearance ratio where C is the radial clearance and R is the radus of the journal

All these parameters are combined into a dimensionless variable called Sommerteld number
Sas defined below.

Haymondi and Boyd have plotted extensive performance charts for hydrodynamic bearngs
which are widely used in the design of these bearings as discussed in the next section 13.3
Hydrodynamic Bearing Design:

Normally the data which is provided for the design of bearings 151. Diameter of journal 2.
Load and 3. Speed ol rotation
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The dosign involvos tho soiection ol lollowing parameters so that the thick fim is maintained
with tho tomporature of tho lubricant wilhin acceptable range.

Longth of journal 2Clearance and 3. Viscosity of the lubricant. The stops to bo lollowed in
bearing design are as follows: Stop 1 : Rolorring T XII-4 note down the recommended values
of;

Zn

(a) Fango of , ratio (b) Maximum bearing pressure, Pmax (c) Minimum (d) Suitable viscosily
Z and (e) The range of (Px V).

Step 2 : Calculate the rubbing velocity V in m/min.

Stop 3 : Choose suitable value for the length of the journal L, so that all the three criteria
given below aro satistiod.

(a)
the ratio is within the given range.

the bearing pressure is within the recommended range. (b) Px V value is within the given
range. i (c)

Step 4 : Select suitable bearing material as per T-X111-6. Step 5 : Calculate the suitable radial
clearance C as per T-X111-1.

Stop 6: Select suitable value which should be between 3 to 10 times the recommended i
Zh

minimum value of depending upon the variabity of load and speed. Calculate the value of Z
and suggest suitable lubricating oil as per Fig. 13.2.

Step 7 : Calculate the dimensionless value of the Sommerteld no as T-XI1-1.
R

Step 8: Read the coeflicient of friction variable || from Fig. 13.3. Calculate the coeficent | of
friction p.

Step 9: Calculate the heat generated Hg as per T-XI1-1.

Step 10 : Calculate the temperature rise of the oi by equating Hg to the heat dissipating
capacity, H, as per T-XlI-1.Calculate the oi fim temperature tai and see that it is as per TXI-5.
litis :

not within the given limis, it means that external cooling by pressure feed of the lubricant is
needed. |

Step 11 : Calculate minimum film thickness h, with the help of Fig. 13.5. Suggest suitable
surtface finish for the journal and the bushing.
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Step 12 : Calculate the amount of side flow of the lubricant with the help of Fig. 13.6 and Fig.
13.7. This is quantity of oil to be supplied to the bearing to maintain the fluid film. The
procedure will be illustrated with the help of solved examples.

13.4 Thin Film or Marginal Lubrication:

When the bearing modulus is too low, or when the supply of lubricant to the bearing is i
insurficient to maintain fuid film lubrication, thin film lubrication and metal to metal contact
wil exist as

shown in Fig. 13.1. The coeffient of riction in this case can be estimated as perT-il 1. It the
oad varies, the average pressure is used for P but it must not be less than one halif the
maximum pressure At low and moderate speeds and low loading these bearings are quite
satslactory. The bearng clearance in such bearings should be slightly greater than that in
bearings with thic lilm lubrication. A journal n sintered porous bearings is an example of thin
film lubrication.

13.5 Thrust Bearings :

The shafts are also subjected to axial loads which are called thrust loads. The bearings
whch support these loads are called thrust bearings. A horizontal shaft is often subjected to
a thrust and a i vertical shaft always.

The types of thrust bearings are:

1. Step Bearings : This is the simplest thrust bearing which is used for vertical shafts. i Their
design procedure is same as collar bearings.

2. Collar Bearings : These bearings are used chiefly on a horizontal shaft which must cary
alarge axial load such as is created by a ship propeller. If feasible, the collars should be
placed neari the point of application of the axial load in order to avoid a column action upon
the shaft.

3. Tilted Pad or Kings bury Bearings : These bearings consists of several stationary pivoted
segments or pads against which is pressed a thrust collar fastened to the rotating shaft. |
The colar runs in an oi bath, and its rotation draws an oi fim into the spaces between it and
the pads, i which tit automatically sothat a tluid wedge is formed at the back edge. These
bearings are made in bypes suitable for vertical or horizontal shafts, and for carrying thrust
in both axial directions or in only one direction.

The design procedure for these bearings is as per T-XII-9 and T XII-1I and will e illustrated
with the help of solved examples.

13.6 Hydrostatic Thrust Bearings:
Hydrostatic lubrication provides a convenient way for designing into a particular bearing

quantitative and predetermined performance characteristics. With hydrostatic lubrication a
bearing design can be easily optimized in terms of flow, pressure, load carying capacity, flim

Edit with WPS Office



rigity, friction & pumping power. In its simplest form, a hydrostatic bearing consists of a lat
creular disc, either with or without a recess (pocket) connected to a positive displacement
pump as shown in Fig. (13.2la).

e
Silt

Lubricant out

nPuhpe

FLOw

Lubricant out

Iniet

Lubricant in

(a) Simple hydrostatic bearing

(b) Schematic diagram of hydrostatic step bearing Fig. 13.2

The recess may be either in the bottom member or in the top member. The bearing shown in
Hig. (13.2bl) is often caled a step bearing. A load Wis acting on the top member and there is
intially metal to metal contact. Since the pump, being positive displacement, must discharge
a fixed volume i ol lubricant, pressure will buld up in the recess until the top member and its

load lit and establish a | him thickness on the sill of the bearing through which the discharge
volume of the pump passes.

Prob. 13.1 : The shat tor a centntuga blower s to be mounted on nng oiled babit bearngs.i Te
biower seed s o rpm and the mnimum ouna dameter based on strength s 50 mm. Te heanng
oads due to weight ot the rotor and bet forces have been detemined to be 560 and Hwever
Ony one size of beanng will be used for both ends of the shaf The blowe must i uouSh
wthout the ol temp exceedng 80 C when the ambant temp. vanes between Desgn the
beanng soeot, the lutncatng oi and determine tne power oss and sidei
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DESIGN OF WIRE ROPE DRIVE

»Wire ropes generally made of —— .
plow-steel are built up of strands B =
which are made of wires twisted e

together. Regular Lay

»These ropes are used in hoisting % NN LN
and haulage equipment. S NS, \T\\
>Wire rope is made of two types =SSN NN\

of winding as shown in Fig. i Ban

»The regular lay, which is the accepted standard, has the wire twisted
in one direction to form the strands, and the strands twisted in the
opposite direction to form the rope. In the completed rope the visible
wires are approximately parallel to the axis of the rope.

»Regular lay ropes do not kink or untwist and are easy to handle.



»The lang lay ropes have the wires
in the strands and the strands in : ‘
the rope twisted in the same T
direction and hence the outer

wires run diagonally across the axis j:\:. = -Y )
of the rope. TS
»These ropes are more resistant R
to abrasive wear and failure due to Lang Lay

fatigue than regular lay ropes, but

they are more likely to kink and

untwist.

»Tests show that lang lay rope has a life several times as long as
regular lay ropes.

»Hence in applications where the load is guided and constrained, long
lay ropes are preferred e.g. passenger elevators.

»The core provides support for the strands under usual bending and
loading conditions.

»The most commonly used core is fibre core.



Types of Construction and Properties

The wire ropes are designated by their outer diameter, no. of strands

and no. of wires in each strand. viz 6 x 19 wire rope of 20 mm diameter

means there are six strands with 19 wires in each strand. There are four

types of construction as given in T-IX-3:

1. 6x 19: Standard hoisting rope which is the most commonly used
wire rope in mines, tramways, cranes, elevators etc.

2. 6x37:Special flexible hoisting rope which is used in steel mill ladle
cranes, high speed elevators and service where smaller sheave
diameter is to be used.

3. 8 x 19: Extra flexible rope which is used in place of 6 x 19 rope if
there is restriction of space because smaller sheave diameter can be
used.

4. 6 x7:Standard coarse laid ropes which are used for haulage in
mines, factory yards, guy wires etc.

The properties of wire ropes of these types made of plow steel with
hempcore are given in T-IX-3 of data book. The other materials used for
making wire ropes are given in T-iX-4 along with their ultimate strength.



Stresses in Wire Ropes:
The following main stresses are created in a hoisting rope under load.

» Direct stresses due to the load hoisted and the weight of the rope.
These are called static stresses, S,

»Stresses due to the bending of the rope about the sheave, S,

» Stress during starting which depends upon the slack in the rope
before starting.

» Stress due to change of rope speed, including stops.

In haulage rope, 6, is missing.

For design purposes we calculate the forces acting on the rope during
various phases of operation.



The various phases of operation of a hoist are:

1.

2.

Start from rest: The forces acting in this phase are starting force F
and the forces due to bending, F,
Acceleration to reach the given velocity: During this phase the forces
acting are:
load hoisted and the weight of the rope (W, +W,) plus the load due
to acceleration F, which is given by,

AMa + Wr

Fa = C g ) 7 Where f= acceleration

plus the forces due to bending, F,
Moving with uniform velocity: In this phase the forces acting are
load hoisted and the weight of the rope (W, +W,) and the forces due
to bending F,
Deceleration to stop : The forces acting during this phase are same
as during phase 2 except that F, is to be calculated on the basis of
deceleration and not acceleration.




To summarize the forces acting in the various phase are:

Phase 1: F,+F, (Start from rest)
Phase 2: (W,+W,)+F_+F, (Acceleration to reach the given velocity)
Phase 3: (W, +W,) + F, (Moving with uniform velocity)

Phase 4: (W, +W,)+F,+F, (Deceleration to stop )

The load acting in phase 3 is called the effective load F, and the ratio of
the breaking strength of rope F, to the effective load F, is called safety
factor, and is given in T-IX-5 of data book for various applications.



The following steps are to be taken in selecting the size of wire-rope to
be used in a hoist.

The data given should be,
(a) Load to be hoisted, W, N
(b) Height of lift, m
(c) Period of acceleration and uniform velocity, sec
(d) Slack during starting. m
(e) Application.

Step 1 : Select the type of construction as per T-IX-3. Calculate F, in
terms of the rope diameter D,

Step 2: Select the minimum safety factor N as per T-IX-5.



Step 3 : Equate the useful load W to the breaking strength F, and the
safety factor as given below.

W,x2xN=F,=K.D,2? (K as per T-IX-3)

Calculate the trial diameter of wire rope D, as per the sizes given
in T-IX-3.

Step 4 : Calculate the weight of the wire rope W, as per T-1X-3

Step 5 : Calculate the bending load F, as per T-IX-7 by selecting the
proper sheave size as per T-IX-3.

Step 6 : Calculate the load due to acceleration F, by calculating
acceleration from the given data.



Step 7 : Calculate the load during starting with a slack, h, as per the
relation given below. )

Fst =(Wr + Wy) [1+ [1+ =t
L 831
: W, + W, E ;
where 83t = static stress = A , A = area of metal in the wire rope.

E = elasticity of rope = 84 x 10° , MPa.
Step 8 : Calculate the actual safety factors during the three phases.
e N\ e A Tt
Phase 1: 1 For +Fy

Fut
Phase 2 : Nz = W, +W, +Fp, +F5

N — FUt
Phase 3: ''3 W, + W, +F,

Check that N, is greater than N selected in step 2.

N
N il
Also 1> >



Then design the sheaves and drums whose diameters are already fixed
as per T-1X-3. As a general rule the diameter should not be less than
500 d, where d, is the dia. of the wire in the wire rope. Other
dimensions of sheave and drum should be calculated as per T-IX-8. The
number of cycles to failure can be found from the relation.

2(Wy +W,)
Sut Dr Ds

F
where Sy = —X—t

For this value of K we can read the cycles to failure from F-9.2 of data
book.



TableIX-3

Approximate Data For Wire Ropes (Plow steel, Hemp Core)

S.No,| TypeofRope Rope diameters |Breaking| Weight Wire | Cross Sheave Size
available, Dr. mm.| Strength| 10°N/m | diameter| section in mm
Fut, KN dw,mm | area of r‘\verage Mini- Uses
metal mum
'8 A, mm?
1. |Standard 8,10, 12, 14, 18, Mostcommonly
hoisting rope 20,22, 25,29, 32, | 120Dr2| 37D | 0063Dr| 038Dr2| 45Dr| 30Dr| used Rope, Mine
6 x 19 35, 38, 41, 44, 48, hoist, Derricks,
51, 54, 57. Quarries,
Dred
docks Tramii:ys, Cargo
hoist, Well drilling,
Car pullers,
Cranes, Elevators.
2. |Specialflexible | -do- 1.12Dr2| 35D | 0045Dr| 038Dr*| 27Dr| 18Dr| Cranes,Highspeed
hoisting rope elevators, Service
6 x 37 i where sheave
diameter is limited.
3. |Extraflexible 8,10, 12,19, 16, | 1.08Dr?| 33Dr* | 0050Dr| 0.35 Dr?| 31Dr| 21Dr| Spacelimutation
8x19 18, 20, 22, 25. for sheave,
4. |Standard 8,9, 10, 11, 12, 112Dr?| 31D2 | 0106Dr| 038Dr*| 72 Drf 42Dr| Standard Haulage
coarselaidrope | 14, 16, 18, 20, 22, rope, Mine
6x7 24, 26, 28, 32, haulage, Factory
36, 40. yard haulage,
Incline planes,
Tramways, Power
transmission, Guy
wires.




TableIX -4
Wire Rope Materials

S.No. : Material Ultimate Strength
S, MPa
1. High Carbon steel
a) Plow steel (P.S.) 1500 - 1700
b) Improved plow
Steel (1.P.S.) 1700 - 2100
¥ <) Mild Plow Steel (M.P.S.) 1300 - 1500
d) Very High Stength
Steel (VHS) 2000 - 2400
22 Low Carbon steel
(0.1 % O) 700

TableIX -5
Recommended Minimum Safety Factors For Wire Ropes

S, Application Factor of S. Applicaton Factor of
No. Safety No. Safety
1. | Track Cable 3.2 6. Overhead & Gantry 6.0
2. | Guys - 35 cranes
3. Mine Shafts 7 Jib & Pillar cranes 6.0
Upto 150 meters 8.0 8. Derricks 6.0
300 - 600 meters 7.0 S Small Electric & Air 7.0
600 - 1000 meters 6.0 hoist
Above 1000 meters 5.0 10. Hot ladle cranes 8.0
4. Miscellaneous hoisting 5.0 11. Slings 8.0
5. | Haulage Ropes 6.0

Table IX -6
Ratio of Rope Tensions For Wire Ropes, (T /T)

Wire diameter A Wire diameter 8 Y g oS
dw. mmm dw. mm

10 1.090 18 1.064

e 5o 1.083 20 1.054

14 1.076 22 1.046

J 16 1.070 24 1.040

| (| 26 1.040




K.Fe-sessnv

. Designation 20mm, 6 x 19 indicates 20mm rope diameter, No
of strands = 6, (First
ho.)
No. of wires in each strand
19, (Second no.)
2.
Twist of wires & strands
Lang lay m are in same direction. Itis
ope stronger than regular lay
L {
Types an9 1Y wire hemp rope & has higher
“ tendency to spin, twist.
Regular lay Twist of wires & strands
rope are in opposite direction.
It is commonly used.
3. Bending load Equivalent bending load, Fb
Fb=(84xl0" xAxi’—‘f"—). N
Dy
Where, dw = Wire diameter, mm A = Area of metal, mm?’
D, = Sheave diameter, mm.
Dr. Dc = _2LF_S_)_E!.
4. Formula for fatigue life it RET T

Where, (FS ) = Factor of safety, F, = Tensile force in rope, N




Table IX -8
Rope Sheave & Drum Proportions

- Proportion

Refer Table IX-3

Also Ds = (300 — 500) dw

Where dw = large wire size in
rope.

r= 053 Dr
C=(12to15)Dr
o = 21° to 24°

r=053Dr
p=115Dr
t,=025Dr
t = Dr (check for strength)
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Worm Gearing

Worm gearingis widely usedto transmit power at large velocity ratios
between non-intersectingand non-parallel shaftsthat are usually but
not necessarilyat right angles The worm drive consistsof a threaded
worm in meshwith a gear,sometimescalledworm wheel Worm gear
sets, theoretically have a point contact which limits their power
transmissioncapacity Thereforeto improve their power transmissior

capacity they are either Single or double enveloping as shown in
Fig20.1.



