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Introduction

Each chapter begins with an Introduction
of the Machine Element designed in the
chapter and its functions. This helps the
reader in gaining an overview of the
machine element.

Friction Cl-utchehsf

\\

111 CLUTCHES

The ehnch s 6 mechanieal device, which §s used 1
cannect o disconnect the source of power from the
reiiwaitiing parts of thi powr IrRnsassion ysi
ot the will of the operator. An smamotive cluich
cam perrmnit this engine to run withaut driving the car.
This fs desiralsh: whe the engine |5 i be staned or
sopped, or when the pears are fo be shifted.

Very ofiem, three berme ane used toguther,
namely, couplings, cheiches and brakes. There is
i b difference betwoen the coupling and the
cluich, A coupling, such w o flangs coupling, &
i permanent connection. The driving asd driven
chaly are permiscilly antached by means of
coupling and i & mot possible i disconnect the
shafis, wless the coupling is dismanthed. O the
ey heand, the etk o connect o dlsconnest the
driving and driven shaft, a5 and when required by

N/ Chapter 1 ].

il Initial Condifion  One member such as the
brake drum is motfing and the braking member
sanzh g ihve Bewkie: shoe is 61 reed

(i} Piral Comdition  Both membsers are af rest and
v iy pclative: ietion,

Chatches are classifi ed inio the following four
Eruups:
(1) Pemitive  contact Clulches  They  melude
spuare jaw clusches; spirsl jew clutches and inothed
clutches. [n these chaiches, power transmission is
nchacvid by messs of interkocking of jws o eeth,
Their main advaninge is positive engs it and
enizg couplid, thiy cim transmil kange orjue with
e ki
(%) Friction Clutches They include single and
mealti-plate clutches, cone clutches and centnfugal
clunehes, [m thise ehaichis, power TEnEmmsion
nchieved by means of friction between contacting
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{1611

The abovi equation cam bi usid éven i thine i
i rezess, in which ense, R, will be the radius of the

uil-wapply pipe.

169 ENERGY LOSSES IN HYDROSTATIC
BEARING

The soial energy [oes m o hydrostatie sep hearing
cansisis of two faciors—ihe energy required io
purip the lubricating ail asd enipy loss dus W
wiseous friction, The energy £ reqaired to pamp
the oil is given by,

1 I

£y = 01 - ) P

& mm
E =P -P) He-mmds
= 0P, = P L) Mamis or W
Thereliee,

R AT {1611
where (KW), is the power loss in pusping
{in kW), The frictional power loss is determined
by considering the elemental neg of rdin () and
radial thickness (o) illustraied in Fig. 16.140a).
The visous reesbmce for this ring is ({0 N
s determined by Mewson's law of viscosity.
Aeeneing b thie ey

The unit of (M) is (H-mm}.

Jamibd, ),
kW), = ———
LT
i [ A E E
Erl.I!H.I
Therefore,
\ 1
(W), = I ]J.!n & - K
F 2 07 i,
dopd _ i
or ltwy{-[;]w
SHA% = 10 h,
(16.12)
The total power boss (KW, is givem by
(WY, = (kW) + (W), (16,13

Exa 161 Ty alimwing cha is given fir o
T i heering:

fvrred Do o G0 LY

Theoretical Considerations

Basic equations for design are derived
from first principle, with a step-by-
step approach.

A
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Tenuitee Ednmpratian M} Hurdderi
Grode s (i) fhil (HB)
fhiimr)
{ &) Giry cast irom
Fii 150 150 - 130-180)
Fi 200 Ll - 160=220
FG2a | - 14ii-220
Fii 2l Bl - 180-230
PG 30 30 - 180-2300
FG 350 15 - 207-241
- \ Fi 401 4 - 7-270
i i (B} Whitehear malleshle cast iroi

Properties of Materials Wt 0 “ | 20 )
Wi 35id 350 i 230 {himc
Exhaustive tables are provided from O I . i
Indian Standards for Mechanical B 32 o i 150 )
, , , i B 300 0 b 130 (M)

Properties of Engineering Materials. R
\ "y A 700 100 2 240-290
[l &K (Kl i 200250
[ 550 53 4 180230
i 500 SN 5 i}
il 430 45 i 13020000
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Tl Fieh Now Famde Becom Dormin twe factors, samely, the power o be trammitted
soce  wiath  nalfop  mel omemded  sihle and speed of the fster shafi. Figure 13,24 shows
tion W, widnh  Height  Méei-  Mimiwm the mnge of speed and power for various cross-
fmtd Wyawmd T sl s Pirch sevtions of the belt. Depending upon the power and

ik dlameter | gappd off the faster pulley, a point can be ploted

dlameter | of pticg on this diagram amd the comesponding cross-

' pucley Rl section selected. In borderline cases, alemative

A
i K} 1] & r:: £7i) d.c&ig.n. calculations are made 1o determine the best
A I 13 L 1Z5 5 salution.
B 14 17 |1} i o) 125
C 1% 22 14 ns L]
[} a3 i 19 0 ELL]
E a2 af 2 530 00|
S000
an0a rd

E A

B 2000

= A K i

3 alllillerse,

¥ 1000 7 7

| E - ra =

I.E ri rd ri —

3 0 7] 7 7

|

/ d 40 kil =)
200 ¥y
auZillip4ni
100 -

2 3 45 10 20 30 51 100 200 500 BOD
Design pawer (KWW}
Fig. 13234  Sefection of Croas-sechior of V bl

The calculations of Wbehs are based om  where,
preferred pitch diameters of pulleys and pitch # = drive power bo be tramsmitied (kW) )
lengths. The series of preferred values for pitch F,=comection factor  for  industrial - service

dinmeters and pitch lengths (in mm) are given in { Table I3-..15'| ]
Tables 13.13 and 13. 14 respectivaly. F, = power rating of single V-belt (from Table
The wumber of belts required for & given appli- _ BlSwTbleldan

Indian Standards

Indian Standards are used for Machine

Elements like screw threads. belts,
springs, gears, wire ropes and pressure
vessels.
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1512 SELECTION OF BEARING FROM
MANUFACTURER'S CATALOGUE

Thie values given in the above tables are only for
general puidance, For o particular application, the
designer shoubd consider the past experience, the
difficulties faced by the costomer in replacing the
beanng and the seanamies of breakdawn eosts.

1511 LOAD FACTOR

The forces acting on the bearing are caleulnted by
consilering the equilibrium of forces in verlical
and harizantal planes. These elementary equatan
o ot take bt consideration the effiet of dysamic
lond. The forces determined by these equations are
mmulfiplied by 0t facior to determine the dynamic
I carrying capacity of the hearing, Load faciors
ane wsed m appleatons mvelving gear, cham and
belt drives. In gear deives, there is an additiomal
dynamic load due to inseeuracies of the tooth profile
and the elnstic deformation of teeth. In chain and

b

The bagie procedure for the selection of a bearing
from the manfacturer’s catalogue comsists af the
fnllowing steps:
(11 Cabeubste the radial and anal forces acting
o the besaring and desermine the deameter of
ihe shaft where the bearing is o be fitted,

{ii) Sedect the type of bearing for the given
application.

(i) Deterning the values of X'and ¥, the radial
and thrust factors, from the eatabogue. The
values of & and ¥ foctors for singlesow
deep groove ball bearings are given in
Table 154, The values depend upan two
i, [%-] and [f—fl'-] where: (G is the

F ¥

static load capacity, The selection of the
beating 15, therefine, done by tal and emor

Selection Procedure

When a machine component is fo
be selected from manufacturer's
catalogue, the selection processes are
discussed with a particular reference
to Indian products.

The staric and dynamic boad capacities of
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Free-Body Diagram of Forces

reader understand the forces acting on
individual components.

The rate of heat generated during the braking
period is equal to the mie of work done by the
Frictiomal force.

Rate of heat generated = frictbonal force = aver-
age velociny

= M L04T)
= 035 (IFTLAZ) (1047
= 1MIE.T5 N-m's or W [ETEN]
Step IV Drasewsions of the hlock
Fram Eq. (12,7},
N = plur
35T A3 = (1 2w)(w)
s w=421.26 mim or 45 mm

I= 2w =90 mm {iv)
Skep W Selflocking propeshy
Referring w Fig. 12.5 (a),

a=2mm ¢=50mm u=035

I:E]= 4 . I:E] =
L3 <
The bruke is nat self-locking.
EMIHEIE 125 A dowbie hiock brake is showa i

Figr, 12,60 The brrke dimm robmtes in o clockeice
clirecnion wrd e actwaring fivee i 300 N The

e v AT Cwlewlme the sovgee absorhing
capweity of the brake,

=0

1001000

Fig: 126 Dioweble Bluck Frfr

Salubion

Givem P=30N p=033 F=250mm

Step I Fovce analysis

The free-body diagram of forces scting on vardous

Whenever reqmred, free—bc-d}f - cogfficient of friction benween the Blocks and the  pamis is shown in Fig. 12.7. Considering the forces
diagrams are constructed to help the - =
P L]
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o
hmﬂ-;"--l ar f=45°

The mndii?nd Goadmn diagram for this example
iz shovwn in Fig, 545,

s

1,
/ "
1]
(1533415, o o
5, B
a5 o e
7 - r T
{242 (4401
Fig. 545

StepdIT - Permissible stress momplitude
Reter to Fig, 545, The coordimates of the point X ane
determdned by solving the followlng twe equations
simulianeously.

(il Equation of line AR

P

fs 50%, Calcutate the nimber of x.:mn cyeles -I'MF-I;_LI'
iy caurre fatigue fmilae

Lo

Fig. 546

Salution
Given  For cantibever speing, o= 10 mm
i=50mm P=75t0 130N §,=860 Nmm’
5= 6% Nmm®  { = 50%
Step I Endurawce limif stress for cantileoer heam

57 = (55, = 0.5(%60) = 430 Wimm?

From Fig, 3.24 (machined surface and 5, = 860
Mimm?),

K, =072

For 10 mm dameter wine, K, = 083

For 50%% reliahility,

K= 10

5=k KK 5

= (L TH0.85 ) LONAM) = 263,16 Wi

-

A

Fatigue Diagrams

Fatigue diagrams are constructed
for design of machine components
subjected to fluctuating loads.
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Fig. 25.25, Due tothe tangential compoanest P there

{2560y Are reactions (8], and (fy), a1 bearings 1 and 2
respectively, Similarly, due io the mdial component
P, there are reactians (&), and (&), at bearings 1
and I respectively.

- ™

Isometric Views

When it is difficult to understand
«* the forces in three dimensions,
isometric views are given for clear
understanding.

—

Fig. 2523 Force Acting ow Crank

The relaticmship between @ amd 65 given by, Fig. 2524  Centre Cramkshaft at Angle of
. sm@ P Maximrum Torgue
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Statistical

Considerations

in Design

241 FREQUENCY DISTRIBUTION

Sintistics deals with dmwing conelusions from
a given or observed daln Statistical fechniques
are wsed for collection, processing, analysis and
imterpretation of mumercal data Om the bass of
statistical analysis, valid conclusions are drawn and
ressomnble decisions are taken. Statistics enahles
the engineers in understand the phenomena of
vaarsaisons and how b effectively predict and cantrol
ilem. Statistics has made valualle conirbutions in
fhe arcas of product design and manufacture and
effective use of materiol nnd labour,

The hasic data comsists of ohservations,
such s the diameters of shafls manufactured n

Lo shift, I this case the sroun of all shafla fs

cir 24

inchuded i the entire populaion. Thenefore, many
times a sample i analysed insiead of the endine
papubation,

Let us consider on example of 100 shafis
of hydrodynamic bearing, with recommended
oberanee of 4007 The shafls are manufaered
on laihe and finished on grinding machine. Their
dinmeters are messured by micromeder and ihe
readings are tahulated in Table 24.1. The rendings
m Tuble 24.1 are called ‘row dara’. 4 doe v
defired e e collection of numbers belonging 1o
edetarvarions of oie o more variables, In this case,
the dinmeter of shafi is o varinble and one hundred
mumerical readings tnken by micrometer are a datn,
Faw data is a daka before it 15 arranged or analysed

bae cusr siailailanl Lo Basse daic aap ab

Statistical Considerations in Design

A separate chapter on Statistical
Considerations in Design is included
and examples are solved on the basis
of reliability.

~

i
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Numerical Examples

Numerical Examples solved by step
by step approach are provided in
sufficient number in each chapter to
help the reader understand the design
\ procedures.

L9

FATT IV, T permLesie STvar STess i et spring
wire shoudd be fmben s 509 of the aliimaie el
sirengrh. Desiin the spring and calculane
{1} wire diaieter;
fill - e coll diameter;
{1ii) mmber af active coils;
fiv) required spring rate; and
il actual spring e,

Solution

Given P=1500N C=6 §, = 1360 Nmar
G=81 M0 Nmm' =033,

Stepl Wire Dimeler

The working principhe of the spring balance is
illustraded in Fig, 1018, As the load acting an the
spring varies from {0 o 1500 N, the pointer attached
b thi free il of the spring movis over a scab
btween highest and lowest positions. The length of
the scake befween these two pasitions of the pointer
is 110 mm, In odher wonds, the spring deflection is
100 mm when the force i 1500'N.

d= 65 or T mm {il
Step Il Mean coil dimmeeter
D= Cd=6{7)=42mm i)
Step I Nuwiber of action cofs
From Eg, {10.3),

BP0' N — KISty N
Gd* (81 170y 7

i=

N=21.97 ar 22 coile {iii}

Step IV Required spring rake
P50 .
*-E H I3 Nimm iiv)
Shep ¥V Achnl sprimg nile
. L
BN sy

vl
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cylinders? Where do vou use them?

383 What are the advantapes of eylindes liner?

T84 What are dry and wet cylinder liners

155 What are the desirable properties of cylmder
mislerials?

386 Name the materials used for eogine eylinder.

387 What do vou undesstand by ‘bore” of
ylinder?

258 ‘What are the functions of piston?

159 Whal are ibse deslgn requirements of peton?

35,10 e the materials used for englne plston.

3811 What are the advaniages and dissdvantages
of aluminium pestan over cast iron pision”

2512 Why is piskons made lightweight?

3513 Narme twocriterta for caleuliating e thickeess
of pistion head.

8,14 Why s piston clearance necessary? What is

| Lot

Short Answer qlliﬂﬁﬂl'ﬁ 153 What & the foroe on balts of of big EDI]-‘H
— coneciing rod!

351 Whet are the functions of engine cylinder? 38,30 What s the difference between cenire and
153 What are the cooling sysiems fix engioe overhung crankshafis?

25,32 Where do you wse overhung crankshafis?

1533 Where do you use centre crankshafls”

25.H What 1 ihe madn advantage of overbiung
erunkshafis!

28,38 MNam the materials for crankshafts,

836 What is the manufacturing method for
crinkshaft?

25,37 Whett do you use push rod?

25,38 Why is ihe design of exhaust valve more
erifical than that of an inet vabve?

1539 Why is the area of inlef valve port more than
that of an exhans valve?

2540 Why dlo fnlit ard exhaist valves have conical
bicads and seais?

38541 What is the function of rocker am?

1543 Why is rocker im made of | section?

Short-Answer Questions

1543 MName the materials for rocker am

LF PR TEL 1 11755 Lo il

theory examinations.

At the end of each chapter, Short-
Answer Questions are provided for
the students for preparation of oral and
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Problems for Practice

At the end of each chapter, a set of
examples with answers is given as
exercise to students. It is also helpful
to teachers in setting classwork and
homework assignments.

Seolall

3

-

Problems for Practice

11 A singhe plate cluich consists of one pakt

of comacting surfaces. The inner and outer
diameters of the friction disk are (25 and
23 mm respectively, The coefficient of
friction & 025 and the tolal axal foroe s
15 kM. Caloulate the power transmitiing
capacity of the cluich at 300 rpm using :
(i} uniform wear theory; and
(i) uniform pressure theary,

(i) JRA1 W i) 1900 )

111 An sutometive smgle plate cluch comaias

of two pairs of contacting surfsces. The
auter dinmeter of the friction disk is 270
mm, The coefficient of frction is 0. and
the maximum intensity of pressore s 0.3
N, The clulch 18 tansmilling a torque
of 531 M-m. Assuming uniform wear theory,
caleulate:

fz = Li233))

1.5 Albeather faced cone cluich transmits power st

500 rpm, The semi-come angle ais 12.5°, The

mean dinmeter af the clutch is 300 mm, while

thet fice width of the contacting surface of the

friction Hidng 1s 100 mem. The coeffcent of

friction i 0.2 and the maximum intensity of

pressiare: s limited i .07 Nimm?, Caloulate

the force o engage the clutch and the power

tramsmmiing capacity.

[1224.68 N and 2.6 kW]

16 A centrifugal choich, transmitting 18.5 kW st

T20 rpm, consisis of four shoes, The chitch

Bt be engoged ot 75% of the nmnming

speed. The imer radms of the dom & 165

e, whide the tadius of the centre of gravity

of cach shoe, during engaged position, i

140 mm, The coefficient of friction is 0,25,
Calculate the mass of each shoe,

[4.27 ky]
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Fig. 17.30

Step Il Reachons af berings E amd F
The forces acting in vertical and horizontal planes
are shown in Fig. 17.31.
Cansidering vertical forces and taking moments
ahout the bearing £,
P 50+ Pl 250 = (R, = 300
B2 T 0 50+ 1206.83 2 230 = (K, = 300
(Re)y= 108615 N (i
P+ Fy= iRl + (R,
4B2.T3 + | 06E3 = 1DBE.15 + (R),
(Rg), = al341 W ()

Dhesign—Dhee 7, 1967, vol. 39, ma. 2B, p, 152,

M

(&} Hedizamal plana
Fig. 1751

1712 GEAR TOOTH FAILURES

There ane two basic modes of gear woth fallure—
breakage of the tooth dus to satic and dynamic
boadds and the surface destruction® *. The complete
breaknge of the tonth can be nvosded by ndjusting the
paramieters m the gear design, such as the module and
the face width, so that the beam strength of the pear
tooth is more tham the sum of siatic and dynamic boads.
The: surface desimaction or toodh wear is classified
nceording i the hasis of their primary coses, The
principal types of gear wath wear ane as fodlows:

(i Abrastoe Wear  Foreign partiches in the lubricant,
such as dirt, rust, weld spatter or metallic debris
ca seratch of brinell the wath surface. Remedies
against this type of wear are provision of odl filters,
imereasing surface hardness and wse of high viscosity
mils. A thick hubricating film developed by these ails
allews fine partiches 1o pass without seraiching,

i) Cowrosine Wear The corrosion of the tooth
surface is caused by corrosive elements, such as

4 RH Pearson—"Gear ovendesign and how bo avoid it"-Machise Design—May 9, 1968, vol. 40, no. 11, p. 153,
¥ Fusgene E Shipley - "Gear fhilures—how to recognize them, whan casses them and how o ovoid themn® —hinchine
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