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Chapter-1

Simple M echanism

Syllabus:

1.1 Link, kinematic chai n, mechani sm, machine

1.2 Inversion, four bar link mechanism and itsinverson
1.3 Lower pair and higher pair

1.4 Cam and follower s

1.1 Under stand the subject of theory of machine

Introduction :-

e A machine is a device by means of which available energy can be
converted into derived form of useful work. It is the assembly of
resistant bodies or links whose relative motions are successfully
constrained so that avalable energy can be converted into useful
work. Machines are used to transmit both motion and force

OR




SCTE & VT ODISHA THEORY OF MACHINE

A machineis device which receives energy and transformsit into
some useful work.
Example: Lathe, Shaper, Scooter etc..

e Theory of machineisthe branch of engineering which deds withthe
relative motion and force between various machi ne elements.

Resi sance body:

e A body is sadto be resistant body if it is capable of transmitting the
required force with negligible deformation. These bodies are the
parts of the machines which are used for transmitting motion and
forces.

e A link need not necessary be arigid body, but it must be a resistant
body.

Example: Springs, belts and oil used in hydraulic press are
not rigid links but they are resistant bodies.

e Structureis an assemblage of a number of resistant bodies having no
relaive motion between them. Structures are meant for taking loads

Di ffer ence between machine and str ucture:

M achine Structure

e Thereisrelaive motion e Thereisnorelaive
between its members. motion between them.

e |t converts avalable e [t does not convert the
energy into useful work. available energy into

e Members are meant to useful work.
transmit motion and e Members are meant to
forces. take uploads only.

e Example: ca, latheetc.. e Example: bridge, frames,

buil dings etc..
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Cl asd fi cati on of theory of machine:

Theory of machine

!

Kiner%atics Dynamics

| !

Statics Kinetics

Kinematic:

Kinematic of machines is that branch of theory of machines which
ded s with the study of relative motion of parts of which the machines are
constituted, neglecting consi deration of forces producingit.

Dynamics:

Dynamics of machine is that branch of theory of machines which
deds with study of forces acting on different parts of the machine.

Statics:

Statics deds with the study of forces acting on the various parts of
machines (assumed to be without mass), when they are a rest.

Kinetics

Kinetics deds with the study of forces which are produced due to
inertiaof movi ng parts of machi nes.

OR

Kinetics deds with the study of inertiaforces which are produced by
the combi ned effect of the mass and the motions of the various parts.

Kinematics:
Kinematics of motion i.e. the relative motion of bodies without
consideration of the forces causing the motion.
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Plane motion

’

Rectilinear/translatory cur vilinear motion

(Straight line) (Curved path)
Kinematiclink:
Cylind c Flywheel
yinder - _ piston Small end onnecling I Big end
\ r bearing rod _,-‘?( bes ring
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U BT prrsrrrsy Read \\Y AN
{_"___ - _1_ ___ Engine frama _ e \ ) __ "'g -
 Piston rod Crank shaft

Reci pr ocati ng Steam Engi ne:

Each part of amachine, which moves relative to ssome other part, is
known as link or element.

Linksin reciprocating engine
Link-1 : piston, piston rod and cross head

Link-2 : crank, crankshaft and flywheel
Link-3 : cylinder, engi ne frame and mai n bearings

Link should have two char acters.
1. It should have relati ve motion.

2. It should be aresistant body.

Typesoflinks:
1. Rigidlink:
A rigid link is on which does not undergo any deformation
while transmitting motion.
Example : Deformation of a connecting rod, crank etc.. is not
agopreciadle.
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2. Flexiblelink:
A flexible link in one which is partly deformed in a manner
not to affect the transmission of motion.
Example : belts, ropes, chains and wires

3. Fluidlink :
A fluid link is one which is formed by having afluid in a
reciproca and the motion is transmitted through the fluid by
pressure or compression only as in the case of hydraulic
presses, jacks and brakes.

Kineticpair:

The two links or elements of a machine, when in contact with each
other are said to form a pair.

When two elements or links are connected in such a way that their
relative motion is constra ned they form akinematic pair and the process of
connectingthem s cdled pairing.

Thr ee types of constr ained motions:

1. Completdy constrained motion
2. Incompletdy constra ned motion
3. Successfully constrained motion

1. Completdy constrained motion:
When the motion between a par is limited to a definite
direction irrespective of the direction of force gpplied, then
the motionis saidto be a completely constra ned motion.
Example : The piston and cylinder(in a steam engine) from a
pair and the motion of the piston is limited to a definite
direction.

2. Incompl ete constrained motion :
when the motion between a par can take place in more than
one direction, then the motion is cdled an incompletely
constrained. The change in the direction of impressed force
may after the direction of relati ve motion between the pair.
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Example: circular shaft in acircular hole may rotate or slide.

3. Successfully constrained motion :
When the motion between the elements, forming a pair is
such that the constrained motion is not completed by itself,
but by some other means, then the motion is sad to be
successfully constrained motion.
Example : shaft in afoot step bearing

The shaft may rotate in the bearing or it may move upwards.
But if the load is placed on the shaft to prevent axia upward
movement of the shaft, then the motion of the par is
successfully constrained.

Kinematic pair_clasdfication:
1. According to the type of relative motion between the elements.

2. According to the type of contact between the elements.

3. According to the type of closure.

Kinematic pairs

v : v

Relati ve motion between Contact between the Types of closure
the element element
(i) sliding par (i) lower par (i) self closed par
(ii) turning pair (i) higher pair (ii) force-closed pair
(iii) rolling pair

(iv) screw par

(v) sphericd pair
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Lower pair :
When the two elements of a par have a surface contact while

relative motion takes place and the surface of one element slides over the
surface of the other, the pair formed is known as lower pair.
Example : sliding pair, turning pair, piston cross head, talstock on
the leather bed, shaft revolting in a bearing, steering gear, universd joint.
The relative motionis purely sliding or turning.

Higher pair:

When the two elements of apair have aline or point contact whilein
motion, the par so formed is known as a higher par. The relative motion
being the combination of sliding and turning, thusit is complex.

Example : belt, rope and chan drives, gears, cam and follower, bal
and roller bearing.

Kinematics chain:

When kinematic par are so coupled that the last link is joined to the
first link to transmit a definite completely unsuccessfully constrained
motion- it forms a kinematic chan.

If each link is assumed to form two parts, with two adjacent links,
then the rotation.

L = no. of links
p = no. of pars
J-> no. of joints

Both equation (i) & (ii) are applicable to kinematic chain with lower
pars. Also applicable to kinematic chan with higher pairs. Higher pair is
equi vaent to two lower pairs with an additiona element or link.
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Problem-1
L=
p

J:

3
3
3

L=2p-4 L-3 L-2
= 3=2*3-4

= 3>2
= LHS> RHS

J=-2 L-1

2 3 =32
2 3>25
As LHS > RHS, it is not a kinematic chan and hence number of
relative motion is possible. Such type of chan is cdled locked chan &
formsaliquid frame or structure.

Problem-2
=4
p=4
j=4
g
O T;/TG
1 7D Link .
I"\Q/inhtl /Llnkz
A Linki B
| =2p-4
2 4=2*4-4
2 4=4
= LHS=RHS
J=cl-2
2 4 =¢|4-2
2 4=4
= LHS=RHS

10
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It is a kinematic chan as LHS = RHS dso cdled as constraned
kinematic chan. Since link CD can move in a definite direction. It is
constra ned.

Problem-3
L=5

P=5
J=5

Link 5 ’l
i nk 2
A

Li
Link 1 B

L=2p-4
= 5=2*5-_4
3
= 5<6
= LHS< RHS

J=cf]-2
= 5 =cF5-2
= 5<55
= LHS< RHS

So it is not a kinetic chain. This chain is cdled unconstrained chain. The
relative motion is not completely constrained. This type of chan is used
rarely.

11
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M echani sm:

When one element or link of a kinematic chan is fixed, the
arrangement may be used for transmitting or transforming motion. It is
termed as mechanism.

Types of mechanism

|
Smple mechg’ui sm Compound me%hani sm

S mple mechanism:
Mechanism having four links.
Example: Coupling rod mechanism of alocomotive beam engine etc.

Compound mechani sm:
Mechanism having more than four lines. It may be formed
combining two or more simple mechanism.

Inversion:

Different mechanisms can be obtained by fixing different links in a
kinematic chain. It isknown asinversion of the origind kinematic chain.

Suppose number of links of akinematic chain =L

So L different mechanisms may be obtained by fixing each of the
linesin turn. Each mechanism istermed as inversion.

Types of kinematic chai ns(most i mpor tant kinemati c chain)

1. Four bar chainor quadric cyclechain
2. Singledider crank chain

3. Doubleslider crank chain

Four bar chain or Quadric cycle chain:

e The kinematic chainis acombination of four limks or four kinematic
pars, such tha the relative motion between the links or elements is
completely constrained.

e Fourlinks A, B, C & D each of themform aturning pair.

12
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Grashof’'slaw:

According to Grashof’s law for a four bar mechanism, the
sum of the shortest and longest link lengths should not be greater
than the sum of the remaning two link lengths if there is to be
continuous rel ati ve motion between the two links.

Inver sions of four bar mechani sm:

1. Beam engine

2. Coupling rod of a locomotives (Double crank
mechani sm)

3. Watt’s indicator mechanism (Double lever
mechani sm)

Link description:

e In afour bar chan the mechanism in which if no link
makes a compl ete revolution will not be useful.

e In four bar chain, one of the links in particular the
shortest link will make a complete revolution relative
to the other three links, if it satisfies the Grashof’s law.
Such alink is known as crank or driver (i.e. AB)

e Link BC which makes a partid rotation or oscillation
isknown as lever or rocker or follower.

e The link CD which connects the crank and lever is
caled connecting rod or coupler.

e Thefixedlink AB is known aframe of the mechanism.

13
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Beam enqine (Type of steam enqine) :

Lever
i (Link 4)
e
Piston 1'.5 T S
rod !_*JI = 1 “'!r—__ % CK-\-‘--
I | e
< W '|I | Link 3
o, g | |
Cylinder 3 Y Iul i '.F
= N i\ r"A ".I

7 7"-”?'77!!?!?7/;'?'/? Fy x..-)l

Frame (Link 1) /‘ B

Crank
(Link 2)

Beam Engine

e Here, when the crank rotates about the fixed center A,
the lever oscillates about the fixed center D.
e The end E of CDE is connected to the piston which
reciprocates as aresult.
Rotary motion ------ > Reciprocating motion -------- > To power steam ship

Coupling rod of alocomotive (Doubl e crank mechanism):
e There AD = BC (Both crank) connected to the
respective wheels.
e CDiscdledconnectingrod.
e AB is fixed to mantan constant centre to centre
distances between the wheels.

e This mechanism is meant for transmitting rotary
motion from one wheel to the other.

Linkc;___[w"'zz:;—\t i

T e ¢ >\ Link 2
. D \ r’ ;G i>"fx""
| Jq*f?’f!f????ff/ ,!;7?'*,-,-;;—;
) / LY L
\__x\.. /) Link 1 N =} y
S~ S/

Coupling of alocomotive

14
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Watt’s I ndicator M echanism:

Link 2

i :;.ESJ.
Link 1 i |
... il WO, .
;k 1 EE

Indicator
plunger Ml

1+ 41— Indicator
S cylinder

3
NASLLRERT ]

SO

Watt’s I ndicator Mechanism

e Fourlinks:

Link-1: fixed, link-2 - (AC), link-3 - (CE), and
link—4 (BDF)

e The displacement of the link BFD is directly
proportiond to the pressure of gas or steam which acts
on the indicator

e For smdl displacement of the mechanism, the tracing
point E traces out approxi mately a straight line.

15
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Sngle Sider Crank Chain:

A single slider crank chain is a modification of the basic four bar
chain. It consists of one sliding pair and three turning pairs. It is, usudly,
found in reciprocating motion and vice versa

In asingle slider crank chain, as shown in figure the links 1 and 2, 2
and 3, and links 3 and 4 from three turning pars while the links 4 and 1
fromasdliding pair.

Connecting rod Crank
L|n.< 2)

Guides (Link 3) ‘l
f—i
Piston rod \4 e e
i—— — i s /.a _—— /

Cylinder j Piston Cross head
(Link 4)

rf}'lf.f//..rff FAFiT .f/.f..{ ?'7-’7
Frame
(Link 1}

The link 1 corresponds to the frame of the engine, which is fixed.
The link 2 corresponds to the crank ; links 3 corresponds to the connecting
rod and links 4 corresponds to cross-head. As the crank rotates, the cross-
head reciprocates in the guides and thus the piston reciprocaes in the
cylinder.

Inversions of singledider crank chain

We have seeninthe previous article that a single slider crank chain
isafour-link mechanism. We know that by fixing, inturn, different linksin
a kinematic chan, an inversion is obtaned and we can obtan as many
mechanisms as the links in a kinetic chan. It is thus obvious, that four
inversions of asingle slider crank chain are possible. These inversions are
found in the followi ng mechanisms.

1. pendulum pump or bull engine:

In this mechanism, the inversionis obta ned by fixing the cylinder or
link 4 (i.e. sliding pair), as shown in figure. In this case, when the crank
(link 2) rotates, the connecting rod (link 3) oscillates aout a pin pivoted to
the fixed link 4 & A and the piston atached to the piston rod (link 1)

16
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reciprocates. The duplex pump whichis used to supply feed water to boilers
have two pistons atached to link 1, as shownin figure.

JALLLLS

’ ;
5 -‘5.. f,

s ¢ Cylinder
2 a— (Link 4)
ez yr . Connecting rod
- " (Link3d)
Piston
{Link 1) —*
o = Crank
{Link 2
P’ v Gate,
Y 4— Cylinder
2 {Link 4)

2. Oscill ating cylinder_engine:

The arrangement of oscillating cylinder engi ne mechanism, as shown
infigure, is used to convert reciprocating motion into rotary motion. Inthis
mechanism, thye link 3 forming the turning par is fixed. The link 3
corresponds to the connecting rod of a reciprocaing steam engine
mechanism. When the crank (link 2) rotats, the piston atached to pistonrod
(link 1) reciprocates and the cylinder (link 4) oscillates about a pin pivoted
tothefixedlink a A.

FPiston rod
- {Link 1} =
G Y * ¥ Crank
gu““" u.fnﬂunm .

_‘-_1:;’_.-,—'.".' F b

Gonnacting' ]
ro
(Link 3)

3. rotaryinternal combustion engine or gnome engine:

Some time back, rotary internad combustion engines were used in
aviaion. But now-a-days gas turbines are used in its place. It consists of
seven cylindersin one plane and al revol ves about fixed centre D,as shown
in figure, while the crank (link 2) is fixed. In this mechanism, when the
connecting rod (link 4) rotates the piston (link 3) reciprocates inside the
cylindersforminglink 1.

17
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Connecting rod

(Link 4)
_ _ Fixed crank
Vs ¥ (Link 2)
Piston __ A~ T s
(Link 3) Pty
Cylinder J F
(Link 1) Iy,

In this mechanism, the link AC (i.e. link 3) forming the turning par
iIsfixed, as shown in figure. The link 3 corresponds to the connecting rod of
areciprocating steam engine. The driving crank CB revol ves with uniform
angular speed about the fixed centre C. A sliding block attached to the
crank pin & B slides dong the slotted bar AP and thus causes AP to
oscillate about the pivoted A. A short link PR transmits the motion from AP
to the ram which carries the tool and reciprocates aong the line of stroke
R;R,. The line of stroke of the ram (i.e. RiR,) is perpendicular to AC
produced.

Connectin ———p Cutting stroke
i 4— Return siroke

rod Line ol
7 P Ram | &— Tool [ stroke
k=B " Re
I N

— = = - =

FI'
Slider (Link 1) 2

., Crank (Link 2)
B A& /|~

QAT P e

(= o’
%

By =

(90°~ Eé“} —‘\;‘*_/.—4 Fixed
Fd (Link 3)

Slotted bar
(Link 4) ™

LAERTNRY

= e AR

18
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In the extreme positions, AP, and AP, are tangentid to the circle and

the cutting tool is at the end of stroke. The forward or cutting stroke occurs

hen the crank rotates from the position CB, to CB; ( or through an angle

) inthe clockwise direction.the return stroke occurs Yuhen the crank rotates

from the position CB, to CB,; (or through angled ) in the clockwise
direction. Since the crank has uniform angular speed,therefore,

The Shaping Machine

Time of cutting stroke B B C360° -

s . == £ o1
lime of return stroke o 360°-f o

=RR,=P P, =2P,0=2AP, sin £ P, AQ

= 2AF ﬁin(ﬂ'ﬂ“ —%) = 2AP cos g'- ,,,,, (AP = AP)
B o
=2APx—1 s &= OB
AC "[‘W‘E"ﬁ'
CB
= Zr'l.Fx _1—{:‘ ait I:'.'('H-l =C-HJ

5. Whitworth quick return motion mechani sm:

This mechanism is mostly used in shaping and slotting machines. In
this mechanism, the link CD(link 2) forming the turning pair is fixed, as
shown infigure. The link 2 corresponds to a crank in areciprocating steam
engine. The driving crank CA (link 3) rotates a a uniform angul ar speed.
The slider (link 4) attached to the crank pin a A slides aong the slotted bar
PA (link 1) which oscillates a a pivoted point D. the connecting rod PR
caries the ram a R to which acutting tool is fixed. The motion of the tool
is constrained dong the line RD produced, i.e. dong aline passing through
D and perpendicul ar to CD.

19
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Connecting rod

P
a,"'?:" [ — 3 Cutting stroke
R <+—— Return stroke
p,_.eo; Py -.g E;z Pars A 'E.':-:.!'Ta‘.ﬂ" — l¢—Tool
: i 5 Al o — -
F “'h_“" 7 } ""' H HH
Slotted bar ;’ - Ling of
(Lnk 17 —% “t L33 GKleed stroke
i Wl A [ (Link 2)
Slider A ) i J
{Link 4) — _..i! Drlwrlg
4 Crark
X dinka) 4

il

When the driving crank CA moves from the position CA; tgeCA, (or
the link DP from the position DP, to DP,) through an angled in the
clockwise direction, the tool moves from the left hand end of its stroke to
the right hand end through a distance 2 PD.

Now when the driving crank moves from the ition CA, to CA;
(or the link DP from DP, to DP,) through an angﬂﬂin the clockwise
direction, the tool moves back from right hand end of its stroke to the left
hand end.

A little consideration will show that the time taken during the left to
right movement of the ram(i.e. during forward or cutting stroke) will be
equd to the time taken by the driving crank to move from CA; to CA..
Smilarly, the time taken during the right to left movement of the ram(or
during the idle or return stroke) will be equd to the time taken by the
driving crank to move from CA, to CA;

Since the crank link CA rotates a uniform angul ar velocity therefore
time taken during the cutting stroke(or forward stroke) is more thanthe
time taken during the return stroke. In other words, the mean speed of the
ram during cuttl ng stroke is less than the mean speed dur| ng the return
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Example:
A crank and slotted lever mechanism used i n ashaper has acentre

distance of 300 mm between the centre of oscillation of the slotted |ever
and the centre of rotation of the crank. The radius of the crank is 120 mm.
Find the ratio of the time of cutting to the time of return stroke.

Sol ution:
Given: AC=300 mm ; CB; =120 mm
The extreme positions of the crank are shown in figure. We know

that

/
Y
o

%
/

RO Y
i

5
|\:\

j M

",

it
—
™

™

-

(90°- )

na
‘-H-'\.
o

P o

sin ZCAB, =sin(90°-a/2)

CB, 120
s HRES (V|
AC 300

£ CAB, = 90° — /2

= Rill_] D4=236°
or o/2=90°-23.6° = 66.4°
and a=2x664=1]328°

We know that

Time of cutting stroke  360°P—g  360°-132.8°
Time of return stroke oo 132.8°

=172 Ans.

21
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Example:

In a crank and slotted lever quick return motion mechanism, the
distance between the fixed centres is 240 mm and the length of the driving
crank is 120 mm. Find the inclination of the slotted bar with the vertica in
the extreme position and time ratio of cutting stroke to the return stroke.

If the length of the slotted bar is 450 mm, find the length of the
stroke if the line of stroke passes through the extreme positions of the free
end of thelever.

Sol ution:
Given: AC=240mm;
CB; =120 mm;
AP; =450 mm

Inclination of the slotted bar with the vertica

Let D mincl ination of the slotted bar with the verticd.
The extreme position of the crank are shownin figure. We know that

sin LCAB, = sin (9113 - %)

a

_BC 120

=ac ~2a0="

-+ ZCAB, = 90° - %
=sin~' 0.5 = 30° Ans.
fime ratio of cutting stroke fo the refurn stroke
We know that
90° -a/2=30°
o/ 2=90°-30"=60°
or =2 % 60°=120°
Time of cutting stroke _ 360°-q
Time of return stroke «

22
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Ry Lineofstroke Ao
SO S Y
S | M,
P1\ e Tecso ~7P3
I /
7 | 1 r
b} ,-'. | -f
A c | A
,\' ;% § /
el %
E:\‘Q 2 £ 5\/32
b N S
Y. B
(00°- 4 —l /
T2 i P}f
Y7
A
Length of the stroke:
We know that length of the stroke, é;T

Exampl e:

Figure shows the layout of a quick return mechanism of the
oscillating link type, for a specid purpose machine. The driving crank BC
i1s30 mm long and time ratio of the working stroke to the return stroke isto
be if the length of the following stroke of R is 120 mm, determine the
dimensions of AC and AP.

Sol ution:
FI
B B 2 E—— Y
FEre .rlrn'n'n'.ln'r.l'.l'n'.rrr.-.'.' 'Q
Ry | Rz
. Line of stroke
i ——n
¢ N
%C Bid T ,'I
I:H,T—ﬂ:z'i-\\“
b A A
L

23
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Given: BC=30mm:;

R;R, =120 mm
We know that
Time of working stroke 360 - ot . 360-o
- = o L7=
Time of return stroke o IV

¢=1333" o o/2=6665°

The extreme positions of the crank are shown in Fig. 5.31. From right angled triangle AB, C,
we find that

9 8. BC BC BC
sin(90°-afl)=—= o = =
A€ XA S T
(= B,C=BC)
30 30

AC = = 75.7 mm Ans.

" c0s66.65°  0.3963
We know that length of stroke,
RR,=PP,=2P,0=2AP sin(90°-0/2)=2AP cosa/2
120 =2 AP cos 66.65° = 0.7926 AP (2 AP, = AP)
AP=120/0.7926 = 1514 mm Ans.

Example:
In a whitworth quick return motion mechanism, as shown in figure,

the distance between the fixed centres is 50 mm and the length of the
driving crank is 75 mm. The length of the slotted lever is 150 mm and the
length of the connecting rod is 135 mm. Find the ratio of the time of cutting
stroke to the time of return stroke and aso the effective stroke.

Solution. Given: CD=50mm ;CA=75mm ; PA=150mm ; PR = 135 mm

= — P
A / /N
F e i e '_.'--___ : -
B/ — - / ot A ;
¥ - SyEe S _Eﬂ_ﬁi.%’_ _PEL:,”__._-.__;-_._
/B R Y /B N\ Ry R Rz
JE Y L R )
N viveE |
P e
f,-sr:fjf-'g B
. .'- x e
-'i'.-\. I.a:‘:f
! .I“i-'.: e
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The extreme positions of the driving crank are shown in Fig. From the geometry of the
figure,
cD _ 50
cosP/2 = =—— = = =0.667 e (o CA, = C
cos 3 o e 060 (+ CA, = CA)

B/2=482° or P=964°

Ratio of the time of cutting stroke to the time of return stroke
We know that

Time of cutting stroke  360-p 360 -96.4

Time of return stroke B 96.4
Length of effective stroke

= 2.735 Ans.

In order to find the length of effective stroke (i.e. R R,), draw the space diagram of the
mechanism to some suitable scale, as shown in Fig. 5.33. Mark P,R, = P,R, = PR. Therefore by
measurement we find that,

Length of effective stroke = R R, = 87.5 mm Ans.

Doubl e slider crank chain:

A kinematic chain which consists of the turning pair and two sliding
par is known as double dider crank chain, as shown in figure.we see that
the link 2 and link 1 form one turning pair and link 2 and link 3 from the
second turning pair. The link 3 and link 4 from one sliding pair and link 1
andlink 4 from the second dliding pair.

Inver sions of double dider crank chain:
The following three inversions of a double slider crank chan are
important from the subject point of view:

1. Elliptical trammels:

It is an instrument used for drawing ellipses. This inversion is
obtained by fixing the slotted plate (link 4), as shows in figure. The fixed
plate or link 4 has two straight grooves cut in it, & right angles to each
other. The link 1 and link 3, are known as sliders and from sliding pairs
with link 4. The link AB (link 2) is a bar which forms turning pars with
links 1 and 3.

When the links 1 and 3 slide dong their respective grooves, any
point onthelink 2 such as P traces out an ellipse onthe surface of link 4, as
shown in figure (a). A little consideration will show that AP and BP are
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semi-mgor axis and semi-minor axis of the ellipse respectively. Thiscan be
proved as follows:

_1"""'1-_ Slhder 1A
- Sy | (Link3)
fLink 2) ™/
e 4 Slotted
-~ - plate (Link 4) Py -0
I 1
- —fp L = i f I
@ - ——— Xt T —X
T .-L-'/’_,"?.-'B/f.-".-‘/ ¢ o e o E A= Z
i
Slidar
{Link 1}
v

(a}) (B

Let eprtake OX and OY as horizonta and let the link BA is inclined
a an angled with the horizontd, as shown in figure (b). Now the co-

ordinates of the point P onthe link il be
@D A
or

squaring gpd addi ;

This isthe equation of an ellipse. Hence the path traced by point P is
an ellipse whose semi-mgor axisis AP and semi-minor axisis BP.

If Pisthe mid- point of link BA, then AP = BP. The above equation
can be written as

This is the equation of circle whose radious is AP. Hence if P isthe
mid-point of link BA, it will trace acircle.

26



SCTE & VT ODISHA THEORY OF MACHINE

2. Scotch yoke mechanism:

This mechanism is used for converting rotary motion into a
reciprocating motion. Theinversionis obtained by fixing either the link 1 or
link 3. Infigure, link 1 is fixed. In this mechanism, when the link 2 (which
corresponds to crank) rotates about B as centre, the link 4(which
corresponds to aframe) reciprocates. The fixed link 1 guides the frame.

Crank Slider
(Link E} ,A/’{Linl-: 3)

| _rI
LEFEF o F P i iy i i v i o i o i

Frame (Link 4)

3. Oldham’s Coupling:
An Oldham’s coupling is used for connecting two pardlel shafts

whose axes are a a smdl distance apart. The shafts are coupled in such a
way that if one shaft rotates, the other shaft aso rotates a the same speed.
This inversion is obtained by fixing the link 2, as shows in figure (a). The
shafts to be connected have two flanges (link 1 and link 3) rigidly fastened
a their ends by forging.

Intermediate

Flange 1
(Link 1) \ / piece
T (Link 4}

Driving Cl rl-':D
Wil H Flange
shaft '}}1_'1.:_| 2k [ wink3)
_ FFHE -
= fE=gi 3 nE. p S Moo _;
St Ry
. | iy | Driven
Supporting I L ‘ shaft
frame

L B R
{ex)

The link 1 and link 3 from turning pairs with link 2. These flanges
have diametricd slots cut in their inner faces, as shown in figure. The
intermediae piece (link 4) which is acircular disc, have two tongues(i.e.
diametricd projections) T, and T, on each face a right angles to each other,
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as shown in figure (c). the tongues on the link 4 closely fit into the slots in
the two flanges (link 1 and link 3). Thelink 4 can slide or reciprocate inthe
slotsinthe flanges.

Link 4
e~ Link 1 R
\/””.;ﬂ_.ﬁ::_ X T, ﬁ\\ﬁ 2
! | I \ \“ \.1
I.'J/_f_ — , - __:/_--:;I—\...I!._ ..l:: \__—_—_:,_____ l“l
STiial T " 7/
% A . St . i
L] _';..*’-/;*' za,_..f"”
/k-a_'__\;:»" Link 4
Link 3 Slot
(b) (c)

When the driving shaft A is rotated, the flange C (link 1) causes the
intermediate piece (link 4) to rotate a the same angle through which the
flange has rotated, and it further rotates the flange D (link 3) a the same
angle and thus the shaft B rotates. Hence link 1,3 and 4 have the same
angular velocity a instant. A little consideration will show, that there is a
sliding motion between the link 4 and each of the other link 1 and 3.

If the distance between the axes of the shafts is constant, the centre
of intermediate piece will describe acircle of diameter equd to the distance
between the axes of the two shafts. Therefore, the maximum sliding speed
of each tongue dongitsslotis equd to the peripherd velocity of the centre
of thedisc dongits c'ﬁul ar pah.

Let: = angul ar velocity of each shaft in rad/s, and

d = distance between the axes of the shaftsin metres.
O maximum slidi rﬁ?peed of eachtongue (in m/s),

V= G°:-...-:'
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CAM AND FOLLOWERS:
Definition:

A can may be defined as a rotaing, oscillating or
reciprocating body which imparts a reciprocating or oscillaing motion to
another body, caled afollower.

The cam and the follower constitute a higher pair.
Application:

Used in clocks, printing machines, internd combustion
engines for operaing valves, paper cutting machines, automatic screw
cutting machines, shoe making machinery, feed mechanism of automatic
lathe.

Class fication of foll ower :

Follower
|
Surfacein contact Motion of the follower Path of motion of the follower
(i) Knifeedge follower (i) Reciprocating or (i) Radial follower
(i) Raller follower translating follower (i) Offset follower
(iii) H at faced or (i) Oscillating or
(iv) Spherical faced follower r otating foll ower

Manufacturing of cam :

A cam is difficult to manufacture especidly when it is to be
produced in smdl quantities. When produced on a mass scde, it is
manufactured by a punch press, by die casting or by milling from the
master cam.

Knife edge foll ower :

5 Knile edge
* foliowear

WCam

e When the connecting end of the follower has a sharp knife
edge, itiscaled aknife edge follower.

e Seldom used.
e Smadl areaof contacting resultsin excessi ve wear.
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e A considerable side thrust exists between the follower and the
gui de.
Roller follower :

(1 Roller
| ! e fallowar

e When the connecting end of the follower is a roller, it is
caled aroller follower.

e Since rolling motion between the contact surfaces, the rate of
wed is greatly reduced.
e Alsosidethrust exist between the follower and the guide.
e Extensively used (where more space is aval able)
e Applicaion— Stationary gas and oil engines, aircraft engines
Flat faced or mushroom foll ower :

[, Flat facad
Il follower

“Cam

Sphericd faced fol lower :

- Spherical faced
| LaTllower

.-

A~ \Cam
£ |
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Spherncal faced
Tolower

‘s

Oftsat tollower . | ¥

.~ Cam

;.-': ;Gﬁsm
Note:

When a fla faced follower is used in automobile engine, high
surface stresses are produced as to minimize these stresses, the flat end is

machined to a spherica shape.

Reciprocating or_trand ating follower :
When the follower reciprocates in guides as the cam rotaes
uniformly, it is known reciprocating follower.

Oscillating or rotating follower :

When the uniform rotary motion of the cam is connected into
predetermined oscillatory motion of the follower, it is caled oscillating or
rotating follower.

Radial follower :
When the motion of the follower is dong an axis passing through the
centre of the cam, it isknown asradid follower.

Offset follower:

e When the motion of the follower is dong an axis away from the axis.
If cam centre, it is called off-set follower.

e Off-set can be done by springs, gravity or hydraulic means.
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Cl asd fi cation of cam :

Cams

v v

Radial or Disc cam Cylindricd cam

v v v

Reciprocatingcam Tangent cam Circular cam

Radial or Disc cam:

B L

W

- e
—
!

In radia or disc cam, the follower reciprocates or oscillaes in a
direction perpendicular to the axis of cam rotation or perpendicular to the
cam shaft.

Cylindrical cam:

R A
| )
TRy

A
o

e In cylinder cam, the follower reciprocates or oscillates in adirection
perpendicul a to the cam shaft.

e Thefollower ridesin agroove a its cylindrica surfaces.
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Chapter-2

Syllabus:

2.1 Revidon of topic previoudy taught

2.2 Friction between nut and screw for squar e thread,
screw jack

2.3 Bearing and its class fication, Description of roller,
needleroaller & ball bearings.

2.4 Torquetransmissonin flat pivot & conical pivot
bearings.

2.5 Flat collar bearing of single and multipletypes.
2.6 Torquetransmisson for single and multiple
clutches

2.7 Working of simplefrictional brakes.

2.8 Wor king of Absor ption type of dynamometer

DEFINITION:

When a body mowves or tends to move on another body
(surface/block), there exists some resistance or opposing forceinadirection
opposite to the direction of the movement of the body. This opposing force
iscaledforce of friction or friction.

TYPESOF FRICTION:
i. Dryfriction
ii.  Rollingfriction
iii.  Skinfriction
iv. Filmfriction
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(i) Dry friction:
This type of friction takes place between two bodies having relative

sliding motion, when there is no intermedi ate flui d between their surfaces.

(ii) Rolling friction :

This type of friction occurs between two bodies directly in contact
when the relati ve motion between them is purely rolling as in case of roller
& bdl bearing.

(iii) Skinfriction :

When the two bodies between which the relative motion is separated
by afilm or [ubricant of infinitesimally smal thickness then the frictionis
caled skinfriction.

(iv) Eilm friction:
When the surfaces of two bodies are completely separated by afilm
of lubricant thenthat frictioniscdledfilm friction.

Laws of friction:

e When two bodies are in contact, the force of frictionaways actsin a
direction opposite to that in which the body moves or tends to move.

e The force of friction is dependent upon the type of materid of the
bodies whose surfaces are in contact.

e The force of friction is independent of the area of contact between
the two surf aces.

e The force of frictionisindependent of the relative velocity of sliding
between the two surf aces.

e The force of frictions directly proportiond to the norma reaction
between the surfaces in contact for a particular materia in contact
for aparticular materid of which the bodies are made up.

Fa N
= F=uN
Where || = proportionality constant. i.e. also called as co-efficient of

friction.
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Limiting Angl e of Friction:

F
.F‘l' N :._HN
\ |
N A
g i B BT L
TP o Pt
L ”‘_. B
” +? %
F=UN
N
[
= | = .: %
.O L
— o™ o
e - Y
= tan@ = |l

Liming angle of friction
W = wei ght of body
P = force acting on horizonta direction
N = norma reaction

e when the body just beings to slide the above forces will being
equilibrium.

e Limiting angle of friction is the angle (8) at which the body tends to
or just startsto slide.

e The maximum force of friction which acts a this condition is

limiting force of friction.
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Angl e of repose :

R
i.r""f’jf ﬁi‘d@y
A= ¢ | F
\J?j'?':ix ,/"'ff T ﬂr
Ag "”f-'f’f}“\ff -
& Kw
& ?};’f LN
.“.- Jr | o ‘."
MNa W o .
F = w sina
N = w cosa
F=uN
= F =} Wcosa
= WSsi I Wcosa
= Sin Il cosa
==
= | =tana
= tang = tana
= Q=0

e if the body is in equilibrium in inclined plane with angle a then the
angle of repose (a)in equal to the angle of friction ().

e If the angle of inclination (a) of the plane to the horizontal plane is
such that the body beings to move down the plane then the angle (a)
Is caled angle of repose.

Minimum forceregquired to slide on arough horizontal plane:

Here, P = Force acting onthe body
W = Weight of the body
N = Normd reaction.
F = Frictiond force
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E'J
Ll
A i
- Psin®
& . %
5 L 1| Pcosd
AT TP PTELHL L F LTl
B
L |
w

Let the P (force) acting on the body at an angle 6 to the horizontal.
At equilibrium condition

PcosB =F ---------mmmemm- (i)

N+Psinf=W ----------- (i)
= N=W —Psinf

PcosB =y x N

= Pcosf = (W —Psind)
= Pcos6 = tgne (W — Psing)

= Pcosb = Psing)

= Pcosh x Pcosp = Wsing — PsinB x sing
= P(cosB x cogpgt sind x sing) = Wsing
= Pcos(

= =

To minimum value of P then

Cos(6—9)=1
= Cos(B—¢)=cosO
= (6-0)=0
= 0=0

Due to the maximum vadue dominaion then minimum vaue of
numerator or vaue of P
Pmin = Wsing
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Question-1

A body resting on rough horizonta plane required a pull of 180N
inclined a 30°_to the horizontd plane just to move, it was found that a push
of 220N inclined a 30° to the horizontd plane just move the body.
Determine the wei ght of body and co-efficient of friction.

Fl'u‘ 180N HN‘ 220N
L
_-130° ot EFE

- e .
- ] = L t )
IPITFATTIIT I T I I AT T TITIFFFFFAZF

T

v
W W
{a) N (5)

Answer :
Her (S

Case—1
F = 180cos30°
W =N + 180sin 30°
I N = 180c0s30°
w =N+ 90
= N = 155.88/|
= W =155/} +90 --------------- (i)
Case -2
F =220c0s30
= F =190.52
= | N = 190.52
W +220sin30= N
= W =N-110
= N = 190.52/j
= W =190.52/§ — 110 ------------ (ii)
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From equation-(i) & equation-(ii)

= | =0.1732
put the value of y in equation (ii)
W =190.52/y — 110
= W =190.52/0.1732 — 110
= W = 990N
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Friction on Rough inclined pl ane:

Considering the motion of the body up the plane.

W = Weight of the body.

1. Q’lgleof nationto the horizontd.
¢
thung@e of friction for the contact surface.

P = Effort gppliedin agiven directionin order the slide the body

with uniform velocity considering friction.

P, = Effort gpplied to moved the body up neglecting friction.

T nglebemn P and weight of the body W.
l-l @J-eﬁ‘rcl f friction.

N = Normad reaction.

R = Resultant reaction.

Tw

(a) Angle of inclination less than
angle of friction.
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HN
b
xx_ ~ e ?
e 7
R f ‘f\?"”r o
\ . .f|
! ’?_ Yw

(b) Angle of inclination more than
angle of friction.

Without friction:

= Fo
(6 50°) ® ¥
3 v f
AN AT
o ]
D‘@Gﬁ 0" :‘,)Ua
{f‘ r_”.i"'l-”ﬂWcﬂsa
o F_'II i’l N
P
w v \ngaa
- (a)
Applying lami’s theorem
FD a "_.x HN " PD
2 ST 180°= (0-a)
o :’u_“vw 180"'—&:_55
HH “f}—- [ b
c lAF v
(&) ()
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By considering friction:

wt -\I\l"‘;‘pﬁ
(a)
a iy ’i
~ 7 180 — (B—a)
- txL/
Py o R £33 %n
|_; W 1 X -
180° — -/
b <) 0 a+) 0o R
H-:_u- e {u_ + ¢|] |
[ W Y =
(b) (c)
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Numerical problems:

Problem-1

An effort of 1500 N is required to just move a certan body upon
inclined plane of angle 12 with the horizontd, force acting pardlel to the
plane. If the angle of inclination is increased to 15 then the effort required
iIs1720 N find the weight of the body & co-efficient of friction.

Sopl ution:
5”1
1500 N
Fi i S
r77)12°
Y W
(a)
R
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%o foo
1500 Hﬁzl_

I:-I wcos 12+ w sin 12

= 1500 = w (sin 12+ § cos12)

= 1500 = W(0.207 + ¥ . 0.97)..ocevvvrvercrrenn (1)

= 1720 =w( sin 15 I+-| cos 15)

= 1720=w (0.25+1.0.96)....ccccccvceverrrrcrneennn(2)
Dividing equation -1 to equation -2, we get

1720/1500 = w (0.25 +J . 0.96)/ w(0.207 +J . 0.97)

=1500(0.25 + J . 0.96) = 1720 (0.207 + ) . 0.97)

= 144|O-| + 388 = 356.4 + 1560.0|;|

:>133.3|8-| = 29.96

=|>-| = 29.96/ 133.38 = 0.13112

So w=4676.17N
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Considering the motion of the body down the plane :-

Neglecting fricii:-
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Hbod¥@own the plane:

=
(@)
€
Q
<
+—
P
@)
LL
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SCREW FRICTION:

» The fastening like screws, bolts, nuts etc have screw threads which
are made by cutting a continuous helicd groove on acylindricd
surfece.

» |If threads are cut on the outer surface of the solid rod, these are
known as outernd threads. & if the threads are cut on the interna
surface of ahollow rod then these are known as internd threads.

Path traced by athread while moving dong ascrew thread.
Pitch:

It is the distance from a point of a screw to a corresponding point on
the next thread, measured pardlel to axis of the screw.

.-:Iu ; l

D e T
(a) Development of 4 serew
Lead:
Distance of a screw thread advanced axidly inone turn
Lead = pitch (single thread)
Lead = n x pitch (multi thread)

Depth of thread:

Distance between top & bottom surf aces.
Or  distance between crest & root.

Helix angle(] ):-

"o
-6

Where d = mean di ameter.
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Friction in screw and nut:- (up)

The motion of anut on ascrew is similar or anaogous to the motion
on an inclined pl ane when the nut rises the motion is similar to up the plane
taking friction into consideration.

W
Head " e
RA |
S —t——myp——m W
= 5 L‘Lew.re:

,_TELJF Sa. threaded rod *EL\\:\}’ Collar
' q\"{:&; Eﬁf Mut
\_ .§ | .'—c:__a A,

///%

7/}’

§\— _'_;.'I-’f_fj-' Head —*_ . Fi —
[ !! de | | [~ Screw rod
[l a1 \\ =
a— dy— _ -ﬁﬂi—

{(£) Thrust collar,

=cot( BEL)

M.A =cot (] L)
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V.Rb = cot?

Mechanical efficiency =

Down:-

()

... S I et S
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Torque required to lift the load by a screw jack:-

Up:

(b) Forces acting on the screw.

Along the plane:

pcos| =wsin| ‘Iﬂg
=.pcos| =wsin|

Perpendlcularto plane, N= w. cgp

IIG.} S ¢2)
Inplaceof N c equdtioh -2
P:os| i!“ ’ k. jji

O_Pl"ll

g L ..
iﬁ"‘ﬂm 3 " ,I

\ ‘-iri : ''''' N ] K
;5'-?%,: h I “| 5

). ) “u\' LA

!
ilf
i

i

|
eg

=0 b '
. |

= —a. L"
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Torque, T = Px %f

Where P is jhg effort gpplied at the circumference of the screw it lift
the load if werae gojlied load by leaver then T=P X |

0
la:

@speed inrpm.

W = angular velocity.
Problem-2:

A screw jack has athread of 10 mm pitch what effort applied at the
end of a handle having 400 mm long will be required to lift aload a of
2KN if the efficiency 45 %.

Sol uti on:
given data
Pitch (Pc) = 10 mm

Long (1) = 400mm
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(W) = 2KN

m (n) = 45% = 0.45
Hlg

3

45

N .

> tan(? +0) = 8.84x 1o°‘°§;|

P=w.tan(? +0@) —
= ox 10(& 8.84 x 1o°'°§
= 17.68N.

? effort gpplied a theendis17.68 N.

Pr obl em:

An electric motor driven power screw moves a nut in a horizontd
plane against a force of 75 KN at a speed of 300mm/min. The screw has a
single square thread of 6mm pitch of a diameter of 37mm. The co-efficient
of friction at the screwthread is 0.1 estimate the power of the motor.

Sol ution:

given data >
Load(w) = 75 KN =75x 1o®-..::'
Speed = 300mm/min
Pitch(Pc) = 6mm
Diameter (d) = 37mm
Co-efficient =0.1(tad )

N =300/6 = 50 rpm
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P=w.tan(? +0@)

z.

y —11.43% 10(8]...3'

=11.43 x 10
F 2ak N
[ | |
L 4
= = X A
Power=Tw=T
= 1108 Gl (J

=1.1kw

Rel ation between load and effort when the load lifted up in a simple
screw jack:-

Up:

p=w.tan?? +@?7. . . (L)

(2)
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Rel ati on between load & effort when load is morning down in a simple
screw jack:-

Down:

(b) Forces acting on the screw.

p= Wtanzl.a S ()

Pyl = Px%‘f

> P= GT[ (i)

From equation (i)

&,y

» PN, N
SRV < A\ B
— 1% TR 3 @ L 4

oo U 4. = -

3P1_
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Pr obl em:

A screwjack has a square threaded screfagof 7.5cm mean diameter.
The angle of inclination of the thread is 3 & tg:l is0.6 it is operated by a
handle of 45cm long what pull must be exerted at the end of the handle to
(i) rase & (ii) lower down aload of 1000N.

Answer :
Given data
D=75Cm taﬂ®=0.6.,\
=3° =0 = tan.:'%ﬁ? = 30.96"
I =0.6
| =45 cm

iiy P, --SORNTR-S

an?3- 30.967}
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Pr obl em:

A simple scremack has a square threaded screw of mean diameter
9cm, the pitch is 10mm ¥ is 0.12 . it is operated by a handle of 60 cm long
to rase & lower down aload of 2000 KN. Find out the efficiency in both
the cases.

Answer :
Given data
D=9cm =0.9 mm
Pc =10 mm
k 012 4+ 4
= 2000 %.4%2000 x 10&..3'

=00 Ccm=6 mm
P4

s
Pl =
b 2%
=312724.32
=312, 2KN
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Rolling fricti on:

Concept:

When a cylinder rolls over a flat surface, it makes a line contact
pardlel to the axis of the cylinder, and when a sphere roll, over a flat
surface it makes a point contact there is no sliding a the point or line
contact there is no sliding a the point or line contact, so the above two are
example of purerolling, but in actud practice, pure rolling never occurs as
there is d ways some resistance to the rolling.

W

- "

|
A
¥

/-
f 7 ¥
[ 4 ,
e e L ;}? = -"’ f-’-’?.-'".r‘.f

The contact surface of the two bodies (sphere or cylinder and
surface) are dways more or less deformed by thge redaction between them,
so that the ided point or te line contact degenerates into an areaof contact.

The harder the materids in contact, the lesser the deformation of contact
surface. Even the hardest materias have a deformation (may be smadl).

Bearings:

Bearing is a mechanica element tha permits relative motion
between the two parts, such as the craft and the housing with minimum
friction, rolling contact bearings are caled anti- friction bearings

Ball bearings:
I - Cuiter race |
Cane ﬁ_ / L Raller ?‘/ Outer race —4'_— i
a8~ ¥ | /; -\\ .
E==3— . 72 N )(\
Eb i RX
‘ | "L '__'.hj rHI—
| | i \ l'\ \:| -"'/J,"'- l,l'
- i e o %\ \\ o :/ y
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Inner race is moving

Outer rece is stationary

Anti friction element i.e. ball/roller/needle

Cage which separaes the bdls or rollers from each other

Function of bearings:

>

The bearing ensures free rotation of the shaft or the angle with
minimum friction

» The bearing supports the shaft or the axle and holds it in the correct

>

position.
The bearing takes up the forces that act on the shaft or the axle and
transmits them to the frame and foundation.

Applications: (rolling contact bearings)

» Machinetool spindles

» Automobile front or rear axles

» Gear boxes

» Smadl size electric motors

» Rope sleeves, crane hooks and hoisting drums

Applications: (diding contact bearings)

» Cranck shaft bearing in diesel and petreol engines
» Steam and gas turbines.

» Concrete mixtures

» Rope conveyors
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Pivot & collar friction :

The rotating shafts are quite frequently subjected to axial load
which is known as thrust. This axial load produces lateral motion of
the shaft along its axis which is not desirable. In order to prevent the
lateral motion of shaft one or more bearing surfaces caled pivots &
collars are provided.

L L &k b o

“ o Shatt

N W Dy % 7
i Q; it % (77 %z
Iz i o
{a} Flat pivot. {5} Conical pivol. () Truncated pivot. () Single flat (e} Multiple flm
collar. collar,

A bearing surface provided a the end of the shaft is known as
pivot & a collar is provided dong with the length of the shaft with

bearing surface of revolution.
Pivot bearing is same foot step bearing.

EX: shaft of steam turbin, propeller shafts of ships.

QQ:
= constant AL’
=C

.
prw pr=

During motign rudding velocity is V

Rate of ware) PV P

P = intensity of press on the bearing surface
K= radious of the bearing
= angular velocity of the shaft
Assumption:
The disof press is uniform.

The wear is uniform.
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Pivot bearing:

(i)  Flat pivot bearing.
(i)  Conicd pivot bearing.

Flat pivot bearing:

5 ¢:gff Shaft
N

I\'&\ \ Flat pivat

m@v bearing

Flat pivot or footstep
bearing.

By considering uniform pressure

W = |oad transmitted over the nearing surface.
R =radious of bearing surface

P = intensity of press )

Let asmall ring a atadious of ‘r' having its radious or thickness dr.
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Torequeonthering Tr=Frxr

;

Power lost in friction:

P=Tw ~p... @
N @l;(ﬁ
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Considering uniform wear:

Pr = constant
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Problem:

A vertical shaft 150mm in diameter rotating at 100rpm rests on
a flat end footstep bearing the shaft carries a vertical load of 20 N.

Assuming estimate the power lost in friction.
Solution:

Given data:
D = 150mm = 0.5m.

ﬁ)‘v'(d!\‘l

ol

= 523.54 watt (ans)

Conical pivot bearing:

Conical pivot bearing.
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W = load carried by a shaft supported by a conical pivot
bearing.

n = intensity of press normd to the cone.
‘F = samiangle of the cone.
I-I = co-€efficiency of friction between the shaft & the bearing.
R = radious of the shaft.
Consider asmadl ring of radius ‘r' & thickness ‘dr'.

Let di is the lengthff the ring along the cone.

sind = {—'f-
= dl= @T
DI = dr cosecn (1)

Area of the small ring.
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= _|_l_

i
Friction resistance (FI_Ir) I-I V

Frictional torque acting on the ring

hi

68



SCTE & VT ODSHA THEORY OF MACHINE
o 2

T=
\ \ 4
Cqgnsidering uniform wear:

‘we Normal intensity of pressure at adistar ‘' from the central axis.
o°0°,
BR¥C
[ ] ...-...
= ";-"c/r
[
Load ﬁunsmitted to thering

V.i:o
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Problem:

A conical pivot supports a vertical shaft of 200mm diameter
subjected to a load of 30KN. The cone angle is 120° & co-efficient of
friction is 0.025 find the power lost in friction when the speed is
140rpm, assuming

1. uniform pressure
2. Uniform wear

Solution:
Given data: L
D = 200mm = 30KN
= 120" = 0.025

N = 140rbm
Uniform péessalre I .
T= @M L
6 1°.
:g 0.025 % 30 x 100 x 26...¢

=57.73
P=Tw

ﬂs(ﬁ

= 57.73x ——

= 846.36 watt
Uniform wed o

B it
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= 634.82 watt

Flat collar bearing:

” W
: Shaft *
\\\'\E.;_ |
~ ry| /:—“— =1
— I—|- / : - _:?_
i " Collar //A/L = 4
R il ot i
\ A | v
N % “ . P
3 - —
'Q:- - By "F': “ -..-rz-;-:"j/
- : --.,‘. dr ..___.-". L -
-...,.;- X ; I\-.._ /- { {.f."_l-i'l- X, dr
£ “ r’}i [ # . r{:/
r;y N e
.r"‘q,L == _,.‘-*ﬂ \\-\\:_‘_h 4
‘a) Single collar bearing (k) Multiple collar bearing.

Collar bearing are also known as thrust bearings.
r, = external radius of collar

r, = internal radius of collar.
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Consideri%ﬂform pressur e:
p=-(

Considering uniform wear :

Pr = constant =C

6 =P,ry=C
“.ﬁ
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Problem:

A thrust shaft of a ship has 6 collars of 6000mm external
diameter & 300mm internal diameter.otal thurst from the propeller is
1000KN if the co-efficient of friction is 0.12 & speed of thefriction at
the thrust block,assuming uniform pressure, uniform wear.

Ans: ()P = 26.4KW (i) P=25.45KW

21 PRIRIR] EEIRE:

N = 6,

D, = 600,

d, = 300,

r; = 300mm,

r,= 150mm

W = 1000th ‘6&

I-I —=012 %=90 5.4 .i

i) Unifor m assure-

1SR v
:g 0.12 % 1000 [

= 28000
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P=TW= 28000><§1’5

= 263893.78 watt

= 263.8 kW

i) unides m wear:

B =

- % 0.12 x 1000 x (300 + 150)

= 27000 I]
P = TW=27000% %

= 254469.watt
= 254.4 Kw
Problem:

A shaft has a no. Of collars in triangle with it the external
diameter of the collars is 400mm & the shaft diameter is 250mm if the
intensity of pressure is 0.35n/nm’& the co-efficient of friction is 0.05
estimate.

I.  he power observed when the shaft runs a 105rpm carrying a
load of 150Kn
ii.  No.of collers required

Solution:

Given data:

D; = 400mm,

r, = 200mm=0.2m
=0.05
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D, = 250mm,
r, =125mm

N =105rpm

W= 180KN
P=0. ﬁ\l/ mnz’.-\

= % 1240.38

= 13638.69w

=13.638 Kw
(i) No. Of colis
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Friction clutches:

A friction cloth has it principa agpplication in the transmission
of the power shafts and mechanics which must be started and stopped
frequency.

Single disc or plate clutch:

Single disc

/ or plate

!
=

surface

(a) (B

A single disc or plate clutch consists of a clutch plate whose
both sides are faced with afriction material.

Considering 2 frictional surfaces, maintained in contact by an
axial thrust W.

T =torque transmitted by the clutch.

P = intensity of axial pressure with which the contact surface
are held together.

ﬁ) mter a3l and external radius of friction faces.

'q
Areaof thering 3
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Clutch plate with
friction lining

Fl'y'whaelf\?'\ = Ef {éﬁi}nring .

“ K‘;‘EPresgum plate
@ Thrust

) bearing

I

b

b N ) . \
Dri'.ung—/' L= ey Drriven shaft
shaft N P e
A ] Reloase laver
e el #J (Withdrawl finger)
‘LKI-‘lrfE edge

By considering uniform pressure:
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Considering uniform wear:

Pr=g¢

c.f.
In case of ﬁ surface torque transmitted

T=n
6
Wheren=2

I::.max X Trin = C

80



SCTE & VT ODISHA THEORY OF MACHINE

The uniform pressure theory gives a higher frictional torque
then the unform wear theory.

Therefore uniform wear should be consider unless otherwise if
not started.

Problem:

A single plate clotch, with both sides effective has outer respectively
the maxinternal pressure at any point in the contact surface is not to
exceed 0.IN/mnt .if co-effrient of friction is 0.3. betermined the
power transmitted by a clutch at a speed of 2500rpm.

Ans: given data
D;= 300mm,

r;=150mm
D,= 200mm, r,=100mm
n=2,

P w= 0.1N/mm?
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I-I =03

N = 2500rpm.
Prac = CITS
= C = PraXl2
=0.1x 100
=10

ZZ % 10(150- 100)
= &1 59N

T=n J(

Q¥

= 2x 0.3 x 3141.59(

= 235619.25N-mm
= 235.619Ném
Power =T
= 235.619x : 23
= 61684.90 wait
= 61.68 KW. Ans

THEORY OF MACHINE
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Multiple disc.(.:_ltfch:
rey it ]
n= (nl'gnZ) -1
in case of multiple disc clutch
n = no. Of pair clutch
n, = no. Of disc on the driving shaft
n, = no. Of disc on the driven shaft

DOutside discs

Inside discs =7

b7

-r1 -,n//- — = | .: b /l Feathar
g: *r;z = - - = - - =
E Driving o Diriven

shar1'. shaft

In a multi plate clutch, the no. Of frictiond lining and the metd
plates is increased with increases the capacity of a clutch to transmit
torque. The above figure shows asimplified diagram of amulti plate clutch.

Thed friction rings are splendid on their outer circumference and
engaged with corresponding splines on the flyu wheel. There are free to
slide axidy. The friction materid thus, rotates with fly wheel and the
engine shaft. The no. of friction rings depends upon the torque to be
transmitted.

The driven shaft aso support disc on the splines which rotates with
the driven shaft and can slide axidly. If the actuating force on the pedd is
removed, a spring presses the disc into contact with the friction rings and
the torque is transmitted between the engi ne shaft and the dri ven shaft.

If nis the totd no. of plates both onn the driving and the driven
members, the no. of active surface will ben — 1.
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Problem:

A multiplate disc clutch transmits 50kw of power at 1800rpm.
Co-efficient of friction for the friction surfaces is 0.1. Axial intensity
of presser is not to exceed 160kn/my”. The internal radius is 80mm & is
0.7times the internal radius. Find the no of plates needed to transmits

the required torque.

Solution:

Given data:
Power = 55kw = 55x10°w
N = 1800rpm

=01

Pmar =160K N/’

=160x10°N/n’

ZZZ x 160 %x10°x (.08 % (0.114- 0.08)
= 2734,

4N
=273 KN

P =Ty

:

?

i
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Totd torque 291.79 N.m.

No. Of plate = n+1 =12 ans.
Problem:

A single dry plate clutch transmits 75kw at 900rpm . The axial
pressur is limited to 0.07N/mnY* .If co-efficient of friction is 0.25 ,
find:

Solution:

given data:

P=75Kw = 7.5x10°w
N = 900rpm.

Prex = 0.07N/mm?’

g [
Lt
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Brake:

A brake is a device by means of which artificial frictional
resistance is gpplied to a moving m/c member, in order to retard or
stop the motion of anvc.

(Depending upon the arrangement)
Barkes are classified as follows

1. Hybraulic brake
2. Electric brake

3. Mechanical brake

Single block or shoe brake:

e

71_, T — #
O Fllgldiy 1

mounted [ | |
PRk ) ‘\ I y ,.""“"‘-Wheel

(a) Clockwise rotation of brake wheel

P = force applied at the end of the lever.

Rn = normal force (pressing the brake block on the wheel).

T |ous of heel
Ie.of c t of the black

Ft é‘ugentl ing forceffrictional force.

offieie friction.

Tg = breaking torque.
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Y SN
Tg=FLt ‘-:
L 2
. [ | |
é-n L R 4
6
Case-1:

Considering Ft passes through the point ‘0’ taking moment about
the point ‘0’.
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Case-ii:

F passes through a distance below the point ‘o'

i ‘l
F i
o ¥ "5""5_' E

e Al i

: ol
Rigidly 3 -'\_ i
mounted . ik
block Wheel

58& ey Clockwise rotation of brake wheel

dé_

s
<

(b) Anticlockwise rotation of brake wheel.
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F; passes through a distance of ‘d above‘o’

Clockwise:
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i) Anticlockwise rotation of brake wheel,

) PR
POXDIA ‘ L ;
) ) y 4
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Dynamometer :

Dynamometer is device by means of which the energy or work
down by aprimemovercan be measured.it is abrake having additional
device to measure frictional resistance by aing the nv/c to run at the
rated speed.

Dynamometer:

(i) Absortion dynamometer.
() pronybrake dynamometer
(ii) ropebrake dynamometer

(ii) transmission dynamometer
(i) bet transmission
(ii) epicyclic dynamometer
(iif) torsion dynamometer.

Prong brake dynamometer:

e
Mut— . i
% %;-Spring g
[ : g \ 11 Lever
T | é S
Counter | i
weight & _@( T >Bln-cks W
Pull % ‘7/
L F ii]
1)) Ll

W= weight at the outer end of the lever in N.
L=distance between the centre of the pulley to the weight w.

F = frictional resistance between the blocks & thepulley in N.
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R = radius of the pulley in mt.
N = gpeed of the shaft in R.P.M.
Moment of the fr!g:.tional resistance or torque on the shaft
T =F.R=WHx NMV
Work down/myaes T % 2\ oz

e™a oo
[ | | N | |
LR 2R e 4
Power = —— watt
Rope Brake Dynamometre

It is another form of absorption type dynamometer which is most
commonly used for measuring the brake power of the engine. It consist of
one, two or more ropes wound around the flywheel or rim of apulley fixed
rigidly to the shaft of an engine. The upper end of the ropesis atached to a
spring badance while the lower end of the ropes is kept in position by
aoplying a bead weight as shown in figure in order to prevent the slipping
of the rope over the flywheel, wooden blocks are placed at intervas around
the circumference of the flywheel.

In the operation of the brake, the engine is made to run & a
constant speed. The frictiond torque, due to the rope, must be equd to the
torque being transmitted by the engine.

Let: W =deadloadin newtons,
S = spring ba ance readi ng in newtons,
D = diameter of the wheel in metres,
d = diameter of rope in metres, and
N = speed of the engine shaftinr.p.m.
? k___gbéﬁéri':thé brake
=(W-9N

We know that distance moved inone revol ution

Z(D+d)
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Work done per revolution

= (W-=-5nm({D+d) N-m

and work done per minute

THEORY OF MACHINE

=(W-=-8)r(D+d) N N-m

&\..\\I‘.\h.h

W

Wooden 5
blocks H
<s=sxw . [=Rope
A T {TTOR Wooden block
ﬁ [ ;T‘,']F"u ¥ | r’{&\_'
. S| } RSN
4 \ Il & \
I‘:}_,—._\\\ -:,,.J. ; '!I ___xé?f: !%\\ I
‘ % _{'F._.--_--: IL:';‘_\ -""’L ?.‘ w .
TS ¢ Section of wheel rim
i —— d
W
A
Cooling .' lel F
Wl e Y I[_ —1 Dead weight

Fig. 19.32. Rope brake dynamometer,

Brake power of the engine,

BP=

Work done permin _ (W —-S) n(D+d)N

60

waits
a0

If the diameter of the rope () is neglected, then brake

power of the engine,

B.P.
60

_(W-S)RDN

walls
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Chapter-3

Power Transmission

Syllabus:

3.1 Concept of power transmissgon

3.2 Typeof drives, belt, gear and chaindrive.
3.3 Computation of velocity ratio, length of belts
(open & cross) with and without dip.

3.4 Ratio of belt tensions, centrifugal tenson and
initid tenson.

3.5 Power transmitted by the belt.

3.6 V-beltsand V-belts pulleys.

3.7 Concept of crowning of pulleys.

3.8 Gear drivesand itster minol ogy.

3.9 Gear trains, working principle of simple,
compound, reverted and epicyclic gear trains.
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Power transmisson: -

Depending upon the shapes, cross-section 3 types

1. Flat belt
2. V-belt
3. Circular belt

Depending upon the amount of power transmission

1. Light
2. Medium
3. Heavy

Velocity ratio of open belt drive:-

It is the ratio between the velocities of the driver and the follower or
the driven.

Let d;, =diameter of the driver
d, = diameter of the follower
N,= speed of the driver inr.p.m
N, = speed of the follower inr.p.m
Length of the belt that passes over the driver in1 minute
= lengthjgnin
- L]

Length of the belt that passegover the follower in 1 minute

= length/min = ZZ
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= Slack side
A7 NE
B ! X
1 .l. T‘| = .__I__
: ' T‘ i Driven
e Bt Tight side pulley
Driving pulley

Since length of the belt passes over.the, E@at%f@ length of
the hgli passes over the driven in 1 mm. ? z
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Sip of belts:-

Sometimes the frictiond grips between the belts and shafts becomes
in sufficient which may cause some forward motion of the driver without
carrying the belt or forward motion of the belt without carrying the driven
pulleys or follower pulley withit. Thisiscaleddlip of belt and is expressed
In percentage

Let S;% = slip between the driver and the belt

S,%-= slip between the belt and the follower

(1)

VeI@' y of belt p over the follower/sec
=V-Vx ’

Where S = S1+S2( totd %4 ip)

=D2.N2 = D1.N1?

BIN(
" "
H ~ o -
“t” consider, ? ’%- -
o
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Tensi on of an open belt drive: -

rl and r2 = radius of thelarger and smdler pulley
x = distance between centres of pulley tha isol and 02
L = totd length of the belt

O2M pardlel to EF and O2M perpendicular to O1E
L =acGJE =EF+ ac FKH +HG

=2x ac GJ+2EF+2 acFK........cccceeveeeen(1)

L =2 (Arc GJ+ EF+ Arc FK)
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:'1 "
L
3 | | i | \" .
o) O
TH
G | T
- i, et i — -
Cross belt drive: -
M
w
| e
/“ i H
=% c
J _ o N K
Oy Oy
F
G fa
- [ — e

L = acGJE + EF+ ac FKH +HG
=2acGJ+2EFH2ac FK

= 2(arc GJ + EF+ arc FK)

Intriangle O, O, M, sin|
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RATIO OF DRIVING TENSION FORFLAT BELT DRIVE :-

T1 = tensioninthe belt on the tight side
T2 = tensionin the belt on the slack side

= angle of contact inradian

Y = . Ry

- =Y | \ E@,;ITYF pr. Hy
RSN e 2 4P
Driven P i o . '

|
pulley —a ,;3.)%} 50 Ry

ja T

- p ‘a
ik g 50

e TesT 2 Y TebT
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et PQ is in equilibgigm under the forces T a P. Tension a
Q.(T¥ T). Frictiond force,F =1 Ry

Where Ry = normad reaction

= co efficient of friction

o 1:0 %

Smcgl isvery smdl , so%ﬁ@?verysmdl

Centrifugal tension:-

Since the belt continuously runs over the pulleys, therefore some
centrifuga force is passed whose effect is to increased the tension on both
tight and slack sides. The tension caused by centrifuga force is cdled
centrifugd tension.
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Considering smdl portion PQ of the belt having contact angl e]' :
m = mass of the belt per unit lengthin kg.

v = linear velocity of the belt per unit in metre per second.

R = radius of the pulley over which the belt runsin metre.

T = centrifugd tension acting tangentialy a P and Q in newton
Lengthof PQ =r.

Mass of length PQ = mr]'

Centrifugd forceactingon PQ=F; = mr]. G’@
F.= m]. ...(1)
s Yo

¢ ¢
-~ ¢
saé'l very smal . so S'Eé-)%@
Tesi @& Te. a@@
=2, Ta& m]'u

=4 TC: m\/2
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We know from ratio of tensionthat , 2.3 log rgl

&~

M axi mum tension in the belt:-

1. Tcis neglected. Maximum tension T; :.l. bt
Where.l. = maximum safe stress in newton per metre’
b= width of beltin mm

t= thickness of the belt in mm

2. Tc7;s 09;515| de;s

7@%%

ﬂb’[+ Bee

Power transmisson by the belt:-
1. Tc ngglee;ed
p=(%af S wan

2. Tccopsider ) 2

Initid tendoninthebelt (To):-

When the pulleys are stationary, the belt is subjected to some tension asthe
ends are joined together to make the belt continuously moved over the
pulleys . thetensionis cdled initid tension.

To=initid tension inthe belt
T1 = tensioninthe tight side of the belt

T2 =tensionin the sl ack si de of the belt
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? = co-efficient of increase or decrease of the belt length per unit force.

Increase of tensioninthetight side = T;-T, A P

Increase of length of the belt inthetight side= ? Q,Qm':::'
Smilarly decreaseintensioninthe slack side = mf}, ?
Decrease inthe length of the belt onthe slack side=? ( {m:'

Assuming the belt is perfectly elastic such that the length of the belt remain
constant. Therefore increase in length on the tight side is equd to decrease
inlength onthe slack sﬂe ? 7

Mathematicay , 2,7 it B THONME:
= Ti-Tp = :m"

=2 TO = T!+-E2

coeh
= Ty= @Jif Tcis negleg:ted6
.0'.\'o': ¥ s
If Tcisconsider, Tp= ﬁ#’

Width of belt:-

» At moderate speedthetensioninabelt=T,;

» At high speed , taking the centrifugd tension into account, the
maximum tension in abelt = Tmax

» To avoid excessive bending stress and to ensure adequate life, the
thickness of belt isf#x;

» For norma belt;
» For stiff belt =

a6
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Pr obl em:

In a flat belt drive the initid tension is 2000N. Co-efficient of
friction between the belt and pulley is 0.3 and the angle of lap on the
smaller pulley is 150. The smaller pulley has radius of 200 mm and rotates
a 500 r.p.m. find the power in KW transmitted by the belt.

Answer:
Given data
To = 2000N

=0.3
T = 150° = 2.61 radian
Omm
d, =400mm=0.4m

N, = 50gp.m [|[|
V= —— =10.47m/s

T6=(T,+Ty)/2
L6000 = (T, +T,)/2

Ty T, =04000..c.. oo (1)

TeT, =4000

.4 T+ T, = 4000
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B
“..2.4T, = 4000

= T, =4000/2.4= 1666.66

>T,=14T
O
=14 P 2333.33

V-belts and V-belts pulleys:

We have dready discussed that a V-belt is mostly used in factories
and workshops where a great amount of power isto be transmitted from one
pulley to another when the two pulleys are very near to each other.

The v-belts are made of frabic and cords moulded in rubber and
covered with fabric and rubber, as shown in figure. These belts are moulded
to atrapezoida shape and aremade endless. These are particul arly suitable
for short drives when the shafts are a a short distance apart. The included
angle for the V-belt is usualy from 30°-40°. In case of fat belt drive, the
belt runs over the pulleys whereas in case of V- belt drive, the rim of the
pulley is grooved in which the V-belt runs. The effect of the groove is to
increase the frictiona grip of the V-belt on the pulley and thus to reduce the
tendency of slipping. In order to have a good grip on the pulley, the V-belt
is in cotact with the side faces of the groove and not a the bottom. The
power is transmitted by the wedging action between the belt and the V-
groove inthe pulley.

— Fabric and
. | e
b /-_ i - Wbalt V-grooved pulley

W

i : _~— Fabric
I FETTI Fr ] o
P11 /Cafu L
I[ % Xy - Rubber
| e |
2p
¥ e %
{a) Cross-section of a V-bel (&) Cross-section of 4 V-grooved pulley.
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A clearance must be provided at the bottom of the groove, as shown
in figure in order to prevent touching to the bottom as it becomes narrower
from wear. The V-belt drive, may be inclined a any angle with tight side
either at top or bottom. In order to i ncrease the power output, severd V-belt
may be operated side by side. It may be noted that in multiple V-belt drive,
dl the belts should stretch a the same rate so that the load is equdly
divided between them. When one of the set of belts break, the entire set
should be replaced a the same time. If only one belt is replaced, the new
unworm and unstressed belt will be more tightly stetched and will move
difference velocity.

3.7 Concept of crowning of pulleys.

As mentioned is section 9.2, the rim of the pulley of aflat-belt drive
is gslightly crowned to prevent the slipping off belt from the pulley. The
crowing can beinthe from of conica surface or aconvex surface.

Assume that somehow a belt comes over the conicd portion of the
pulley and takes the position as shown in figure, its centre line remainsin a
plane, the belt will touch the rim surface a its one edge only. This is
impracticd. Owing to the pull, the belt dways tends to stick to the rim
surface. The belt dso has alaterd stiffness. Thus, a belt has to bend in the
way shownin figure.

Let the belt travel in the direction of the arrow. As the belt touches
the cone, the point aon it tends to adhere to the cone surface due to pull on
the belt. This means as the pulley will take a quarter turn, the point aon the
belt will be carried to b which is towards the mid-plane of the pulley than
that previously occupied by the edge of the belt. But again, the belt cannot
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be stable on the pulley in the upright position and has to bend to stick to the
cone surface, it will occupy the position shown by dotted i nes.

Thus, if a pulley is made up of two equd cones or of convex syrface,
the belt will tend to climd on the slopes and will thus, run with its centre
line on the mid-plane of the pulley.

The amount of crowing is usualy 1/96 of the pulley face width.

Terms used in gear s:

the folloing terms, which will be mostly used in this chapter, should
be clearly understood at the stage. These terms areillustrated infigure.

PR | —Addendum circle
Addendum F"'I'-'FTI‘ b / ~Top land
Dedendum / / . », f— Plich suriace alement
F ]
e/
[ ] = Warking denth
- | E
) ke F
« A 1 :
& % | r Pitch circle
\ | ¥
h + |
v h |
4
L
Chrcuiar piteh —- #—— Tooth thickness
FCLSET PRic - e
Total depth Tooth space ‘/'
Clbarance Anot or dedendum circla 7

Clearance or
working depth circle

1. Pitchcrde:
It is an imaginary circle which by pure rolling action, would
gi ve the same motion as the actua gear.

A straight line may dso be defined as a wheel of infinite
radi us.

2. Pitchcdrcdediameter:
It is the diameter of the pitch circle. The size of the gear is

usudly specified by the pitch circle diameter. It is dso known
as pitch diameter.
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3. Pitch point:
It iscommon point of contact between two pitch circles.

4. Pitch surface:
It is the surface of the rolling discs which the meshing gears
have repl aced a the pitch circle.
5. Pressureangleor angle of obliquity:
It is the angle between the common normd to two gear teethg
a the point of contact and the common tangent a the pitch
point. g‘usudly denoted by @.the standard pressure angles

are 14exgnd 20°.

6. Addendum:
It isthe radid distance of atooth from the pitch circle to the
top of the tooth.

7. Dedendum:
Itistheradid distance of the tooth from the pitch circleto the
bottom of the teeth.

8. Addendumcirde
it is the circle drawn through the top of the teeth and id

concentric with the pitchcircle.

9. Dependumcirde

it isthe circle drawn through the bottom of the teeth. It is dso

cdled not circle.

Circular pitch:-

It is the distance measured on the circumference of the pitch circle from a
point of one tooth to the corresponding point on the next tooth. It is denoted

as Pc.
351 61T
Pe=.2
d = diameter of the pitchcircle

T = no. Of teethonthe gear.

When the two gears will be in mesh Pc should be same for both.
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B8

DIAMETRAL PITCH:-

Itistheratio of no. Qf teethto the pitch circle diameter in mm. It is denoted
by Pd. Pd=T/D =
Modul e: -

Itistheratio of pitch circle diameter in mmto the no. Of teeth. It is denoted
% 1] mH.

[ ]
M =
Question:

The no. Of teeth on each of two equa gear in mesh are 40. If the
module is 6 mm. Find pitch circle diameter, circular pitch, diametra pitch.

Ans:- givendata- T=40

m=6 m

L 3
? D =240mm D

o
Pc=%15 ='18.84
6 _@
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Gear train:-

When two or more gear are made to mesh with each other to transmit
power from one shaft to another , such acombinationis caled gear tran.
Differ ent types of gear train:-
1.simplegear train

When there is only one gear on each shaft, as shown in figure. It is
known as simple gear train. The gears are represented by their pitch
circles.

. o o Driven or
D-Iw; Fnrlg'e?r Driver Driven ar f - i
1 _i' 3 s follower 1 il
o 3 -, 2 3 !
2 ) =~ ;
.l ; q\r.’ﬁh ~¥ e "\ &V (_ '
‘ 1 S : | A : | '

When the distance between the two shafts is smdl, the two gears 1
and 2 are made to mesh with each other to transmit motion from one shaft
to the other, as shown in figure. Since the gear 1 drives the gear 2.
Therefore gear 1 is caled the driver and the gear 2 is cdled the driven or
foll ower. It may be noted that the motion of the driven gear is opposite to
the motion of driving gear.

Let: N; = speed of gear 1 (or driver) inr.p.m.,
N,= speed of gear 2 (or driven or follower) in r.p.m.,
T,= number of teeth on gear 1, and
T,= number of teeth on gear 2.

Since the speed ratio (or velocity ratio) of gear tran is the ratio of
the speed of the driver to the speed of the driven or follower and ratio of
speed of any par of gears in mesh is the inverse of their number of teeth,

therefore o
5D
Speed ratio = -
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2. Compound gear train

When there are more then one gear on a shaft, as shown in figure. It
iscaled acompound train of gear.

We have seen in art. That the ided gears, in asimple train of gears
do not effect the speed ratio of the system. But these gears are useful in
bridging over the space between the driver and the driven.

Driver Al 1 ! g;;r;gﬂund
¥ g b i = 4 j Diriven
ST N S N LY 5
( D)
i 1'_'_.**. ]| B
 QULETITTTTARTITA -
c

g ITTHITITE B Co
<[l UHHHF||HFI§_H[M :

But whenever the distance between the driver and the driven or
follower has to be bridged over by intermedi ate gears and at the same time
a great (or much less) speed raio is required, then the advantage of
intermediate gears is intensified by providing compound gears on
intermediate shafts. In this case, each intermediate shaft has two gea's
rigidly fixed to it so tha they may have the same speed. One of these two
gears meshes with the driver and the other with the driven or follower
atached to the next shaft as showninfigure.

In a compound train of gears, as shown in figure, the gear 1 is the
driving gear mounted on shaft A, gears 2 and 3 are compound gears which
are mounted on shaft B. The gears 4 and 5 are dso compound gears which
are mounted on shaft C and the gear 6 is the driven gear mounted on shaft
D.
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Let: N, = speed of driving gear 1,
T,= number of teethon driving gear 1,
N,Ns,.......,Ng = speed of respective geas in r.p.m.,

and T,,T5......., Tg = number of teeth on respective gears.

Sncegear lisinm th,gLeuZ thereforeits speedréatio is

Smilarly, for gears 3 and 4, speedratiois

3

M-V
The speed ratio of compound gear tran is obtaned by multiplying the
equations (1), (ii) and (iii),

° ° °
‘s o™ o™
l )
o’(so so s

3. Epicydic gear train

Andfor gears5 and 6, speedratio is

We have dready discussedthat in an epicyclic gear tran, the axes of
the shafts, over which the gears are mounted, may move relative to a fixed
axis. A simple epicyclic gear train is shown in figure, where a gear A and
the am C have common axis & O, about which they can rotate. The gear B
meshes with gear A and has its axis on the arm a O,, about which the gear
B canrotate.
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Also
shaft

For ad Bé same, each speed ratio should be ¢ ~ sothat

v (3

Armis fixed. The gear tranis simple and gear A can drive gear B or
vice-versa, but if gear A is fixed and the arm is rotated about the axis of
gear A(i.e. O,), thenthe gear B isforcedto rotate upon and around gear A.
Such a motion is cdled epicyclic and the gear tran aranged in such a
manner that one or more of their member move upon and around another
member is known as epicyclic gear trains (epi. Means upon and cyclic
means around). The epicyclic gear trains may be simpl e or compound.

The epicyclic gear trains are useful for transmitting high velocity
raios with gears of moderate size in a comparatively lesser space.
Differentid gearstrans are used in the back gear of |athe, differentid gears
of the automobiles, hoists, pulley blocks, wrist watches etc.
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4. Reverted gear train

When the axes of thefirst gear (i.e. first driver) andthe | ast gear (i.e.
last driven or follower) are co-axid, then the gear tran is known as
reverted gear train asshowninfigure.

- Compound
iy

gear
i |

4

3

2
. o %

10

Co-axial ,_..,-;"'

shafis || ||| "

|||. il |||””| l‘l Il“ ||||

We see that gear 1 (i.e. first driver) drives the gear 2(i.e. first driven
or follower) in the opposite direction, since the gears 2 and 3 are mounted
on the same shaft, therefore they form a compound gear and the gear 3 will
rotate in the same direction as that of gear 2. The gear 3(which is now the
second driver) drives the gear 4(i.e. the I ast driven or follower) in the same
direction as that of gear 1. Thus we see that in a reverted gear train, the
motion of the first gear and the | ast gear islike.

Let: T,= number of teethon gear 1,
r,= pitchcircleradius of gear 1, and
N,= speed of gear Linr.p.m.
Smilaly,
T,, T3, T, = number of teeth on respective gears,
r,,rs,r,=pitchcircleradii of respective gears, and

N,, N3, N, = speed of respective gearsinr.p.m.
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Since the distance between the centre of the shafts of gears 1and 2 as
well as gear 3 and 4 is same, therefore

Mtr=r3+r,

Also, thye circular pitch or module of dl the gear is assumed to be
same, therefore number of teeth on each gear is directly proportiond to its
circumference or radius.

?

And

Or
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Chapter-4

Governorsand Flyw

Syllabus:

4.1 Function of governor

4.2 Classification of governor

4.3 Working of Watt, Porter, Proel and Hartnel governors.
4.4 Conceptual explanation of sensitivity, stability and
isochronisms.

4.5 Function of flywheel.

4.6 Comparison between flywheel & governor.

4.7 Fluctuation of energy and coefficient of fluctuation of
speed.

4.1 Function of governor:

The function of agoverner is to regul ae the ma n speed of an engine
whem there are variations in the load e.g. when the load on an engine
increases, its speed decreases therefore it becomes necessary to increases
the supply working fluid.

In the other hand, when the load on the engine decreases its speed
increases and thus less working fluid is required. The governer
automaticdlycontrol the supply of working fluid top the engine with the
varying load conditions and keep the mean speed within certain limits.
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4.2 Classification of governor:
The governors may be classified as
1. Centrifugal governor
2. Inertia governor

The centrifugal governors, may further be classified as follows :

Centrifugal governors

| ' 1

Pen::liulum type Loaded type
Watt governor - S |
Dead weight governors Spring controlled governors

] -

|
Porter gavernor Proell governor

i o - [ “'

Hartnell governor Hartung governor Wilsen-Hartnell governor Pickering governor

Spring steel
strip

Spindie
controls fuel
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4.3 Working of Watt, Porter, Proell and Hartnell gover nors.

Watt governors:

The simplest form of a centrifugal governor is a watt governor, as

shown in fig it is basicaly a conicd pendulum with links attached to a
sleeve of negligible mass. The arms of the governor may be connected to
the spindle in the following three ways:

1.
2.

Let

The pivot P, may be onthe spindle axis as shown in fig.

The pivot P, may be offset from the spindle axis and the arms when
produced intersect at O, as showninfig.

The pivot P, may be offset, but the ams cross the axis a O, as
shown infigure.

Ps il o

T+

b
e

(@) (&) ()
- Wait govemnor.

m = Mass of the bal in kg,

w = wei ght of the bal in newtons = m.g,

ﬁ @si gninﬁm N newtons,
glul.ar'v ity of the aam and bdl about the spindle axisin

rad/s,

r = radius of the path of rotation of the bdl i.e. horizonta distance

from the centre of the bal to the spindle axisin metres, &

2

Fc = centrifugd force actingon the bal in newtons=m. “.r, and

h = Height of the governor in metres.
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It 1s assumed that the weight of the arms, links and the sleeve are negligible as compared 10
the weight of the balls. Now, the ball is in equilibrium under the action of

1. the centrifugal force (F c)acting on the ball, 2. the tension (T) in the arm, and J. the weight
(w) of the ball.

Taking moments about peint (2, we have
Foxh =wxr=mgr

or mo-rh =mgr or h=glw ..
When g is expressed in mv/s” and @ in rad/s, then h is in metres. If N'is the speed in r.p.m., then
w =2aN60
9.81 893 p
h= ———— = —— metres wee (=98 mbss) i)

(2zN/60)*  N°

Example Calculate the vertical height of a Watt governor when it rotates at 60 xp.m
Also find the change in vertical height when its speed increases to 61 » p.m.

Solution. Given : N, = 60 rp.m. ; N, =61 rp.m.
Initial heiokt

We know that initial height,

895 895
T =248 m
[1""[1]'“ {ﬁ'{}}_
Change in vertical height
We know that final height,
= -ﬁ:‘!_’- = —3_95__’ =01
(N,)™ (611

Change in vertical height
=hy=h,= 0248-0.24 = 0008 m = § mm Ans,
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Porter governor:

The porter governor is a modification of a watt’s governor. With
centrd load atachedto the sleeve as shown in figure the load moves up and
down the centrad spindle. This additiond downward force increases the
speed of revol ution required to enable the balsto rise to any predetermined
level.

Consider the forces acting on one-half of the governor as shown in Fig. (h).
i P 2P
@
Arms f T
¥ LA n
” Central | /% B
[ sy if f P P ] ik
Bli load (W) | | B Fo = % 1
5
L9 W . v
% /N Links Lwp
s R ) il
SAPS; n!
R E) .
[T
7" Sleeve WY
2
{er) ()
Fig. Porter povemor.

Let
m = mass of each ball in kg,

w = weight of each bal in newtons=m.g,
M = mass of the centrd load in kg,
W = wei ght of the centra load in newtons= M.g,

R = radi us of rotation in metres,
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Dividing equation (if) by equation (i),

M.g
T[s.inﬂ_Ff" 1-)(&311[3
T, cos Mz.g__l_m.g

= -

M.g M.g
[_j“ +m.g]tan El:F(- "—TXEHE

M'g—+m.g= Fe _.-;'.gxlmiﬁ

8 tang 2  tama
tan
Substituting t—ﬁ=q,and fan o = .;; we have

an o
Mg .k Mg ,
8 TM.Eg=mly . rx—- qu AN f‘: = )

a r L

m,{a:.h=m.g + —MTF'— (1+4¢)

m+ - (1+¢)
};:|im,g+££{]+t}]] ],= 4 X—g:
2 m.or m "
i)
M .
m+ —(l+4q)
ﬁf:[m‘g+£’£(l+q}] Lo 8 &
2 m.h m h
3 *M (1
ST +q}x
60 m h
' M M
a0 gay ™ 149 g
m hl2n m h

e |
.. .(Taking ¢ = 9.81 m/s)
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. Instantaneous centre method

THEORY OF MACHINE

In this method, equilibrium of the forces acting on
the link BD are considered. The instantaneous centre [ lies

at the point of intersection of PB produced and a line through
D perpendicular to the spindle axis, as shown in Fig. 18.4. /

Taking moments about the point /,

W
Fe x BM =wxIM +-—%ID

=mgx M+ 2E 1D

M Mg D 7 *1B Ny
Fe=mgx——+ lo \2
BM 2 BM & W
IM  M.g (IM +MD : X
:m.g}:-——-:-— e /S S ',
BM 2 By | M Wi
o
M M.g(IM MD
SMEL— +—— h Fie. 18.4. Instantaneons centre
B 2 \BM  BM By
= m.g tan u+l{;§ (tan o + tan §)
...[-:-J"‘:f-=tanu.undﬁ:tmﬁ]
BM BM
Dividing throughout by tan a,

F 'tf M tan
R o - *r——E —mg+———‘5!]+q} *.'qz-—E
tan o 2 lan 2 tan ot

3 r
We know that .. = merr,  and tamﬁ
1
+ Mg
LomnrX—=m.g+—=(1+4)
r 2
M.
m.g + jgtl+qi | m# (1+4g) ¢
fj:.——-.___"-.-.__—}{_‘.: = .}:.:.1.
m W m 0y
(Same as before)

When tanc=tanf or ¢=1,then

m+M
h= ¥ L

m W
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Example:

A porter governor has equa arms each 250 mm long and pivoted on
the axis of rotation. Each bdl has a mass of 5 kg and the mass of 5 kg and
the mass of the centrd load on the sleeve is 15 kg. the radius of rotation of
the bal is 150 mm when the governor begins to lift and 200 mm when the
governor is a maximum speed. Find the minimum and maximum speeds
and range of speed of the governor.

Solution:
Given:
BP =BD = 250mm = 0.25m
Mass m = 15kg
ry =150mm=0.15m
r, =200mm=0.2m
o P .
| T W
&5/ e
Yok > |_I_
H - ! 2
£ ,_p/ }: 150 1 l: £ ;i“ 200 | l
.-\.\ ‘-a.."\-\.“\\ {
mg | . N
" D
i Mg
Mg 2
2
(a) Minimum position. (H) Maximum position.
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The minimum and maximum positions of the governor are shown in Fig. 18.5 (a) and (b)
respectively.
Minimum speed when r,= BG = 0.15 m

Let N, = Minimum speed.

From Fig. 18.5 (a), we find that height of the governor,

Iy = PG =|(PB)? - (BGY =1/(0.25) - (015 =02m

We know that
m+M 895 _5+15 895
m FI, 3 E =1790
N, =1338 rp.m. Ans.
Maximum speed when r,=BG=02m
Let N,=Maximum speed.

From Fig. 18.5 (b), we find that height of the governor,
hy = PG = (PB)’ - (BG)® =4(025 - (0.2 =0.I5 m

(N,) =

We know that

{Nl}a m+Mx3'95 5+15 8%-2386?

m h 5 0I5
N, = 1545 rp.m. Ans.
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Proell governors
The proell governer hasthe balsfixed a B and C to the extension of

the links DF and EG, as shown in figure. The terms FP and GQ are pi voted
a P and Q respectively.

Consider the equilibrium of the forces on one-hdf of the governor as
shown in figure. The instantaneous centre (1) lies on the intersection of the
line PF produced and the line from D drawn perpendicular to the spindle

axis. The perpendicular BM isdrawnon ID.

P Q . =]
e = wi 2
E 1B
F G L) Lo
G =
B ' 5
v\ \ /O
Central p
Load (W) v
D B | M D |
w
| Sleeve 2
(@) (b)
Fig. Proell governor.

Taking moments about /, using the same notations as discussed in Art. 18.6 (Porter governor),

W M.
chﬂM:wx.‘M+Exfﬂz:n.gfo+—§-fo LD
P XIM+M,3 IM + MD S
C -8 BM 7 M (e ID=IM+MD)
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Multiplying and dividing by FM, we have

[ M  M.g(IM MD
Fro = mee | 1. g X e -+
B FM 2 \FM  FM

Fad M.g
= LEoxotan o 4 oe——ae (L == LA
BM ["’ # R "m]

FAM
= — % tano ,,,_g+iﬁ'ﬁ l+ﬂ
BM 2 tan o

S F tan
. e . = 2 IEANOL=— = -
We know that F.=m.o"r; n and 9 an o

M. .r= L x = [m.,ﬂ"l‘ Méx 1+ t]':"j|

BM  h
_ e -
m?-—i"’?_ m+2{1+q} I3
BM m h

Substtating @=2mN/60, and g=9.81"m/s% we get

. =
FM e+ ED {1+ qg) 205

BM m fr

N* =

Example:
A proell governor has equa arms of length 300 mm. the upper and

lower ends of the aams are pivoted on the axis of the governor. The
extension ams of the lower links are each 80 mm long and pardlel to the
axis when the radii of rotation of the bals are 150 mm and 200 mm. the
mass of each bal is 10 kg and the mass of the centra load is 100 kg.
Determine the range of speed of the governor.

Sol ution:
Given:
PF=DF =300 mm:;

BF=80mm;
r;= 150 mm;
r, =200 mm;
M =10kg;
m= 100 kg;
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First of dl, let us find the minimum and maximum speed of

governor. The minimum and maximum position of the governor isshownin
figure.

Let:

N;= mini mum speed when radius of rotation, r; = FG = 150 mm; and
N, = maximum.geed when radi us of rotation, r, = FG = 200mm.

And FM =GD =PG =260mm=0.26 m
] BM = BF+ FM = 80+260
= 340mm = 0.34m

Weknowntha  (N;)*=

R a
I | *
a0 | T
G u ‘
Fo o T . e B ,
R i D '
80 mgy / ! 80 .mg:.. : l
¥ Fy 150 | Y _F, 200 i
\ G / G
ap B
']
s 3
I " I
M v D M {"
Mg ¥ Mg
2 .
All dimensions in mm. 5

(@} Minimum position, {a) Maximum position,
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by = PG =J(PFY? - (FG)! =/(300)° - (200)* = 224 mm = 0224 m
and FM=GD=PG =224 mm =024 m
BM=BF + FM =80+ 224 =304 mm=03Mm

We know that (N )° =E[’”+‘“]?ﬁ
BM

= 3 ot a=Porg=1)
0224 (10 +100 ) 895
R ——— ——=137135 or N, =180rp.
0.3{14[ 10 ]{]:?.24 : PSR
We know that range of speed

=N,-N,=180~170 = 10 rp.m. Ans.
Note : The example may also be solved as discussed below :
From Fig. 18.13 (a), we find that
sin o = sinP=150/300=03 o o=f=30°
and MD = FG=150mm=0.15m
FM = FDeos =300 cos 30° = 260 mm = 0.26 m
M = FMtano=0261tan30°=0.15m
BM = BF + FM=380+260=340 mm=0.34 m
ID =IM+MD=015+015=03m
We know that centrifugal force,

RN,

F,:;:m{m])zﬁ:lﬂ[ -

Now taking moments about point /,

2
] 0.15=0.0165 (V)

Fe X BM =m.g % IM +MT‘3>:JD

100 % 9.81

0.0165 (N))? 0.34=10%9.81x 0.15 + % 0.3

0.0056 (N,]z = 14.715 + 147.15 = 161.865

161.865
N =
()™= 0056

Similarly N, may be calculated.

=28904 o NI =170 r.p.m.
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Hartnell governors

A Hartrell governor is a spring loaded governor as shown in figure. It
consists of two bell crank levers pivoted at the points O,0 to the frame. The frame
is attached to the governor spindle and therefore rotates with it. Each lever carries
a ball at the end of the vertical arm OB and a roller at the end of the horizontal
arm OR. A helical spring force may be adjusted by screwing a nut up or down on
the sleeve.

) / Mut
Spring ‘ r. Frame
S /
Bell crank SRR
Lever - Lo i Bail
NIIn B E
By HE2Y /By
BT iz -
X A et e T
H o
+ , <
(o] RAEIL R H
N:I 1 :_"-:' - Cﬂllﬂr
Roller ag8a :
] 1 Sleovio
i Spindle

Fip. Harwnell rovernor.

Let m = Mass of each ball in kg,

M = Mass of sleeve in kg,
= Minimum radius of rotation in
metres,
= Maximum radius of rotation in
metres,
®, = Angular speed of the governor at
minimum radius in rad/s,
®, = Angular speed of the governor at
" maximum radius in rad/s,
S, = Spring force exerted on the sleeve
at o, in newtons,

S, = Spring force exerted on the sleeve
at o, in newtons,
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F,., = Centrifugal force at t, in newtons =m {mt}z s

Fo, = Centrifugal force at @, in newtons = m (@, r,,
s = Stiffness of the spring or the force required to compress the spring by one mm,
x = Length of the vertical or ball arm of the lever in metres,
¥ = Length of the horizontal or sleeve arm of the lever in metres, and

e |

= Distance of fulcrum O from the governor axis or the radius of rotation when the
governor is in mid-position, in metres.

Consider the forces acting at one bell crank lever. The minimum and maximum position is
shown in Fig. 18.19. Let h be the compression of the spring when the radius of rotation changes from
rtor,

For the minimum position i.e. when the radius of rotation changes from r to r,, as shown in
Fig. 18.19 (a), the compression of the spring or the lift of sleeve k, is given by

h_a_r-n :
¥y X X i
Similarly, for the maximum position i.e. when the radius of rotation changes from r to 7,, as
shown in Fig. 18.19 (b), the compression of the spring or lift of sleeve h, is given by
.hz ﬂz rz -
S N o i)
; A - X

Adding equations (7) and (if),

hth _n-4

or _— e =+ hy)
¥ X ¥ X
_'I."
h=(rn-n)= .« i)
X
—————>
>
Fes B: AH
3y Feg 4520
! ' i :'%.1.: I G r-—-—p%
A = mg .
x=+_;;hL4§ % x 1 M5 E
! o
0, Mg:S, O 8| 8
X ] i e HJ
“. Bl _.T_ a + B S—_— ;_1 a _I.__ﬂ,.n;.__h.-.’_
- it s il il
~:‘.:-?-‘:r '{; al f o ?
B e, P e 5 -
v Rge— R -
Y —> '
(a) Minimum position. () Maximum position.
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Now for minimum position, taking moments about point 0, we get

M.g+
E—g-z-il-:{_rj =Fo XX —mgxa
2
or Mg+8=—(FyXxx-mgxa) oo V)
X
Again for maximum position, taking moments about point O, we get
LG X ¥ = Foa X2y +m.2 X
2
or ;'H.gJ:'SE =T(F{':x.r1 +.I'H.g}(a:} v

Subtracting equation (iv) from equation (),
2 2
S: = S! =_|:Fc2 Kt: ‘i"fﬂ.g XHEJ __{Fci X.!.'l —m,g}(ﬂ:_:l
¥ H
We know that

§,-8;=hs, and  h=(rn-n)2
X

55 _[5-5 )
h BR=% )Y
Neglecting the obliquity effect of the arms (i.e. x, =x,=x, and y, = ¥, = ¥) and the moment
due to weight of the balls (i.e. m.g), we have for minimum position,

1

M.g+ 8§
. Eﬁ l'H_‘r'=Fc]x-r or M-§+51=2Fc|x£_ wis (1)

Similarly for maximum position,
M.g+35
S8Ry y=Faxx o M.g+S,=2Fm x> <. (i)

¥

Subtracting equation (vi) from equation (vif],

§; - 3§ = 2 (Fea - Fc1}-—1: v
We know that J

S,-S,=hs, ad h=(p-5)2
X

=8 . (Fy=Fu W51
88 )]
h =l Y
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Example:

A Hartnell governor having a centrd sleeve spring and two right-
angled bell crank levers moves between 290 r.p.m. and 310 r.p.m. for a
sleeve lift of 15 mm. the sleeve arms and the bal arms are 80 mm and 120
mm respectively. The levers are provided a& 120 mm from the governor axis
and mass of each bdl is 2.5 kg. the bal arms are pardlel to the governor
axis a the lowest equilibrium speed. Determine :1. Loads on the spring a
the lowest and the highest equilibrium speeds, and 2. Stiffness of the spring.

Sol uti on:
Given:
N]_: 290 Zo.-m. D
z %0 4 radls;
N, = 310 2R.m. [l m]
7%
il »sgx
h=15 ’88«4”9«015 ”85«
QO ""E 6‘5'98
{0 "‘%%12 ‘%x
0 —%0 12
#E25 "
1. loads on the spring a the lowest and highest equilibrium
speeds
Let:

S, = springload at lowest equilibrium speed, and
S, = springload a highest equilibrium speed.
Since the bal ams are pardlel to governor axis a the lowest
equilibrium speed(i.e. a N, = 290 r.p.m.), as shown infigure, therefore
r=r;=120mm=0.12m
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We know that centrifugal force at the minimum speed,

Foy=m(0Fr= 25(304)? 0.12=277N
Now let us find the radius of rotation at the highest equilibrium speed, i.e. at N, =310 rp.m.
The position of ball arm and sleeve arm at the highest equilibrium speed is shown in Fig. 1820 (b).
Let r,= Radius of rotation at N, = 310 rp.m.

We know that h=(n —rl}l
X

o n=n+h|=|=012+0015| O 01425 m
¥ 0.08

» Centrifugal force at the maximum speed,
,Fm =m '[Wﬁz ry= 25% {325}2 ¥ 0.1425=3T6 N

. 1
F, s i ;’; ™
':1*_“}‘_ 1'1 | FCE‘T{ i _,:P ]
*L i1 1
I Ji' Fa b‘] 2
! III < r b E
x=120mm l¢— r=1, > % % | | Mg+S, |8
Mg+$; i x X1 2 i s
2 £ \ | G
} ' 2 ',i ;Rz l
._LJ:I___ . ™ g \ Fer h=15mm
B X _.tJ..*' =
4—~ 120mm —» |..._ Tmmm _.|
(@) Lowest position. (b) Highest position.

Neglecting the obliquity effect of arms and the moment due to the weight of the balls, we
have for lowest position,

M.g+ 8 =2F x2= xZ?Tx%—SEI N
¥ 0.08
& .5'1 =831 N Ans. e M=0)
and for highest position,
M.g+8,=2 :-:-;-”x?ﬁ'ﬁx% =1128 N
§, = 1128 N Ans. (e M=0)
2. Stiffness of the spring

We know that stiffness of the spring,

iy 98 -
o= 5‘ hsj = 1]-3]5 331-_—19.3 N/mm Ans,
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4.4 Conceptual explanation of sensitivity, stability and
isochronism.

Sensitiveness of governors:

Consider two governor A and B running a the same speed. When
this speed increases or decreases by acertain amount, the lift of the sleeve
of governor A is greater then the lift of the sleeve of governor B. it is then
sadthat the governor A is more sensiti ve than the governor B.

In generd, the greater the lift of the sleeve corresponding to a given
fractiond change in speed, the greater is sensitiveness of the governor. It
may aso be stated in another way that for a given lift of the sleeve, the
sensitiveness of the governor increase as the speed range decreases. This
definition of sensitiveness may be quite satisfactory when the governor is
considered as an independent mechanism.

But when the governor is fitted to an engine, the practicd
requirement is simply that the change of equilibrium speed from the full
load to the no load position of the sleeve should be as smal a friction as
possible of the mean equilibrium speed. The actua displacement of the
sleeve is immaterid, provided that it is sufficient to change the energy
supplied to the engine by the required amount. For this reason, the
sensitiveness is defined as the ratio of the difference between the maximum
and mini mum equilibrium speeds to the mean equilibrium speed.

Let Ny =minimum equilibrium speed

N, = maximum equilibrium speed, and
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Sability of governors:

A governor is sad to be stable when for every speed within the
working range there is a definite configuration i.e. there is only one radius
of the governor, if the equilibrium. For a stable governor, if the equilibrium
speed increases, the radius of governor bal must aso increases.

I sochr onous Governor s

A governor is said to be isochronous when the equilibrium speed is
constant (i.e. range of speed is zero) for dl radii of rotation of the bdls
within the working range, neglecting friction. The isochronous is the stage
of infinite sensitivity.

Let us consider the case of a porter governor running at speeds N1,
N, r.p.m. we have that

For isochronisms, range of speed should be zeroi.e. N, —N; = 0 or
N, = N;. Therefore from equations (i) & (ii), hy = hy, which isimpossible in
case of a porter governor. Hence a porter governor cannot be isochronous.

4.5 Function of flywheel.

Fly wheel :-
A fly wheel is used in machines serves as a reservoir which stores

energy during the period when the supply of energy is more than the
requirement and relief during the period when the requirement of energy is
more than supply.

By supplying the required energy, a fly wheel controls the speed
vari aions caused by the cyclic fluctuation of the engine turning moment.
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4.6 Comparison between flywheel & governor.

Governor

Fly Wheel

Its function is to regul ate the supply
of driving fluid producing energy,
according to the load requirements
so that a different loads dmost a
constant speed is mai ntai ned.

Its function is to store avalable
mechanica energy when it is in
excess of the load requirement and a
pat with the same when the
avalable energy is less than tha
required by the load

It is provide on prime movers such
as engines and turbi nes.

It is provided on engine and
faoricaing machines viz, rolling
mills , punching machines shear
machines, presses, etc.

It takes care of fluctuation of speed
due top variaion of load over long
range of working of engines and
turbines.

In engines it takes cae of
fluctuations of speed during
thermodynamic cycle.

It works intermittantely i.e. only
whenther is change inthe load

It works continuously from cycle to
cycle.

But for governor, there would have
been uncessarily more consumpstion
of driving fluid. Thus it economises
its consumptions

In fabrication machines, it is very
economica to use it as its use
reduces capita investment on prime
movers and their running expenses

Co-efficient of fl uctuati on of speed: -

The difference between the maximum and the minimum speed during a
cycleis cadled maxi mum fluctuation of speed.

The ratio of maximum fluctuation of speed to the mean speed is the co-

efficient of fluctuation of s
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4.7 Fluctuation of ener gy and coeffi cient of fl uctuati on of speed.
Fluctuation of ener qy:

1. The fluctuation of energy may be determined by the turning moment
diagram for one complete cycle rotation

2. The vibration of energy above and below the mean resisting torque
line inthe turning moment diagram are cdled fluctuation of energy

3. The difference between the maximum and the minimum energy is
known as maximum fluctuation of energy.

M axi mum fluctuati on of ener gy:

A - G = mean torqueline
Let &, & and a = areas above the A-G line
Smilarly &, a;,and g = areas below the A-Gline
Energy inthe fly wheel & A=E
At B=E+ag
C=E+a-a
D=Et+ta-a+a
E=Et+ta-at+tg-a
F=Eta-atam-atsa
G=Et+ta-atam-at+ta-a
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Let greatest energy a B and least energy is a E.
Maximum energy = E+ &
Minimumenergy=E+a —a+a—a
Maximum fluctuation of energy,

? E = maximum energy — mini mum ener gy

= E+a-(E+ta-a+a-a)

CO-EFFICIENT OF STEADYNESS -

Itistheratio of co-efficient of fluctuation of speed. M = % %ﬁ;‘)

Co-efficient of fluctuation of ener gy: -

It isthe ratio of maximum fluctuation of energy to the work done per cycle.
Mathematicaly = Cg = %%::Ilir
E = work done per cycle

Wei ght of the fly wheel : -

Let weight of the fly wheel, W= mg

Where m = mass of the fly wheel in kg.

Let K =radius of direction of fly wheel in metre.

| = mass moment of inertiaof the fly wheel about its axis of rotation,
> iel=mk

':-Q\nd N, = maximum and mi nimum speeds during the cycleinr.p.m
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M ean kinetic ener gy of the fly wheel , Em: -

E, =¥ |.W?
= 1 m.K?W?

Maximum fluctuation of energy = maximum K.E — minimum K.E
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Problem:

A horizontd cross compound steam engine develops 300 kw a 900
r.p.m. The co-efficient of fluctuation of energy a found turning the diagram
is to be 0.1 and the fluctuation of speed is to be kept with +_0.5% of the
mean speed. Find the weight of the fly wheel if the radius of gyrationis 2

metre.

Given data
P =300 KW
N=90R.P.M
Ce=0.1 @5 D
Z
V.V = = =9.42
Cs= /0.1

W, = W, = 0.5%x
= 1% of V\;
= 0.01W
= 0.0042

K=2mt

Work done/cycle =

=200x 1000 x 0.1

= 20,000
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=5634.66% 9.81 = 55276.07 = 55.27kg.
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Chapter-5

Syllabus:

5.1 Concept of static and dynamic balancing.

5.2 Static balancing of rotating parts.

5.3 Principles of balancing of reciprocating parts.
5.4 Causes and effect of unbalance.

5.5 Difference between static and dynamic balancing

5.1 Concept of static balancing:

A system of rotating masses is sad to be in static baance if the
combined mass centre of the system lie on the axis of rotaion. The given
figure shows a rigid rotor revolving with a constant angular velocity
wr ad/sec.

A no. of masses, say 3, are depicted by point masses a different radii
in the same transverses plane. They may represent different kinds of
rotating masses such as turbine blades, eccentric disc, etc. if m1, m2 and m3
are the masses revolving a radii rl, r2 and r3 respectively in the sam,e
plane then each mass produces a centrifuga force acting radialy outwards
from axis of rotation.
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Dynamic balancing:

When severd masses rotate in different planes, the centrifugd
forces, in addition to being out of baance aso forms coupkle. A system of
rotating masses is in dynamic baance when there doesn’t exist any resultant
centrifuga force as well as resultant couple:

In the work that follows the product of mr and mri (instead of mrw),
usudly, have been reform as force and couple respectively as it is more
convenient to draws force and couple polygon with these quantities

If ml m2 ae two masses as in figure revolving diametricdly
opposite to each other in different planes such tha milrl = m2r2, the
centrifugal forces are badanced but an unbaanced couple of magnitude
mlrli = m2r2i isintroduced. The couple act in aplane that conta ns the axis
of rotation and the two masses. Thus, the couple is a constant magnitude but
variable direction.

5.2 Static balancing of rotating parts:

Consider a number of masses of magnitude m1,m2,m3,m, at distance
of r1,r2,r3,r, from the axis of the rotating shaft. Let?" be the angles
of these masses with horizontd line OX.

Mgl

Mals

mn

Mefe
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0 38& ancing state)

M 11 WMo WP+ msraw?=0

? mlr1+m2r +Msr=0

=0 .30 —())

If not badance statethen add m., .

MW + Mol WP+ MarsWe + mgrew? = 0

= myry + mzr%;r Mars+ mer.=0

=0 \ic'r,,::O(n)
In cg:mponentsform

o ':-.r—.a:'O e

o \_XI 4 md.cod =0

) r-'O%gk

\j + mCrCS|IC§£
mer Cco]. =0 -_ﬂ' — 1))

‘3&

mcrcsiIC:- 0 cumilh¥-... k
equation (111) (1) &(11) square & add

RS
(Mgt )? COJ =(0 \_ﬂ' )
(Mgre )? sng' =(0 \j)
R, | “
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Divided equation (I1) & (I11)

5.3 Principles of balancing of reciprocating parts.
For complete baancing of the reciprocating parts, the following
condition must be fulfilled:
1. Primary forces must baance, i.e. primary force polygon is enclosed.
2. Primary couples must badance, i.e. primary couple polygon is

enclosed.

3. Secondary forces must baance, i.e. secondary forces polygon is
enclosed.

4. Secondary couples must bd ance, i.e. secondary couple polygon is
enclosed.

Usudly, it is not possible to satisfy dl the above conditions fully for
a multicylinder engine. Mostly some unbaanced force or couple would
exist in the reciprocating engi nes.

Bal anci ng of r eci pr ocati ng masses:

G e
..--'";if i m

o [ ), N
_.lf]&-diﬂ.{f( _.__,_.-r-""'f J'lr FB‘% #Fﬂx 1'I.
{__‘E“—L}%!Irfj_____“-'-ll— F"@(Ul—- :
F { A \Fay = Fy | i
| 1 ’

;-[ X —> o
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Acceléation of th iprocating partsis

&R = —
where ? = ratio of lepgth & radio [/r.
£ M &
Inertiaforce F, = m M—-— (? M hmE)
-

-..
Fo(primary unbdanéalforfd) T(sec ndpry &inba anced force)
Fe(max)=m (?.I' = 907 j 1)':-...-:'

Sl

F{max) =m
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Bal anci ng of sever al masses in differ ence pl anes:

.'"f;" Mo
-—GC L=-1 O C
F B, 2 myry!
o mzrz& JLE S|
3 3
mﬂrafa/ e
!::___ﬂ:-_"a'c; L

2

" /
B4 1 1 mzf? s
-fe_f mm =

X i mel‘m
H'l:!]
_—G1IFEP /t——g qu

0 @=0

M 17 WP+, WP Migh s WP+MC, ey WP+ mC,r e W=0
= M+ Pt Mara+ MC,rc;+ mc,rc,=0

=0 \j@_mﬁ MC,orCy=0--==-=mmmemmmommcmme e e Q)
Taking moments about the point (1)

M F 1 WP+ MR L W2+M3RsL W2+ Mc,Re,Lc,W2=0

> M 1r1| 1+M’§R2L2+M3R3L3+ M C2RCZLCZ—O
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-

NG -c'x \.:“ i ?

II.
AS DT 8 ‘4”
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Causes & effect of unbal ance:

Often an unbadance of force is produce in rotary or reciprocating
machinery due to the i nertiaforce associated with the moving masses.

Bd ancing is the force of designing or modifying machinery that the
unbaanced is reducing to an acceptable and possible is eliminated entirely.

In arevolving centre the centrifugd force remains ba anced as long
as the centre of the mass of the rotor, lies on axis of the shaft when of the
mass does lie on the axis or there is an eccentricity, an unba anced force is
produced.

This type of un baanced is very common in case of steam turbines
rotors, engine crankshaft, rotary compressor & centrifugd force.

In high speed machinery, the unba anced force results .there force
atracted on the frame by the moving machine members a varying, i mpact
vibration motion on the frame & produced noise . dso there are hum an
discomfort, determinable effect of machine performance & structurd inter
grids of the machine foundation .the most common approach lie ba ancing
by disturbing them the mass which may be accomplished by addition or

remova of mass from various machine members.

5.5 Differ ence between static and dynamic bal ancing:

Static balancing

Dynamic balancing

It would refer to balancing in a single
plane

It would refer to balancing in more than
one plane

It is also known as primary balancing.
It is a balance force due to action of
gravity.

It is also known as secondary
balancing. It is a balance due to action
of inertia forces.

Rotation of fly wheels, grinding wheels,
car wheels ae treated as datic
balancing problems as most of their
masses concentrated inor very near one
plare.

Rotation of shaft of turbo-generator is a
case of dynamic balancing problems

Static balance occurs when the centre
of gravity of an object is on the axis of
rotation

A rotating system of mass is indynamic
balance when the rotation doesn't
produce any resultant centripetal force
of couple. Here the mass axis is
coincidental with the rotational axis.
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Chapter-6

Vibration of machine parts

Syllabus:

6.1 Introduction to Vibration and rel ated terms
(Amplitude, time period and frequency, cycle)

6.2 Clasdg fication of vibration.

6.3 Basic concept of natural, forced & damped vibration
6.4 Torsional and Longitudinal vibration.

6.6 Causes & remedies of vibration.
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6.1 Introduction to Vibration and related terms (Amplitude, time

period and frequency, cycle)

Amplitude:
It is defined as its maximum displacement of a vibrating body from

its equilibrium position.

Time Period:

"It isthe time taken by a motion to repeat itself, and is measured in

seconds.

Freguency:
Frequency is the number of cycles of motion completed in one

second. It isexpressedin hertz (Hz) and is equa to one cycle per second.

DEFINITIONS

I. Free (naturd) vibrations elastic vibraions in which there is no
friction and externd forces after the initiad release of the body are
known as free or naturd vibrations.

[I. Damped vibraiions when the energy of a vibraing system is
gradudly dissipated by friction and other resistances, the vibrations
are sadto be damped. The vibrations gradudly cease and the system
restsinits equilibrium position.

I1l.  Forced vibrations when a repeated force continuously acts on a
system, the vibrations are said to be forced. The frequency of the
vibrationsisthat of the applied force and isindependent of their own

naturd frequency of vibrations.
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TYPESOF VIBRATIONS

Consider avibrating body, e.g., arod, shaft or spring. Figure shows a
mass less shaft, one end of which is fixed and the other end carying a

heavy disc. The system can execute the following types of vibrations.

I.  Longitudinal vibrations:
If the shaft is elongated and shortened so that the same moves up
and down resulting in tensile and compressi ve stresses in the shaft,
the vibrations are said to be longitudind. The different particles of

the body move pardlel to the axis of the body.

P

. Shaft

e ) T |

_ 1 L a
Disc /
~I‘l_—|—_r_—'l— -
l_J...J._

e Y . |

-

[I.  Transversevibrations
When the shaft is bent dternaely and tensile and compressive
stresses due to bending result, the vibraions ae sad to be
transverse. The particles of the body move approxi mately
perpendicul ar to its axis.

FEE P EEE
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[Il. Torsional vibrations:
When the shaft is twisted and untwisted and untwisted dternately
and torsiond shear stresses are induced, the vibrations are known as

torsiona vibrations. The particles of the body move in acircle about
the axis of the shaft.

LLLLLE TS

RN

_ ___
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Freelongitudinal vibrations:

The naturd frequency of a vibrati ng system may be found by any of
the following method.

Equilibrium method:

.{z.{.ﬁgjg.{zi.{ zc.{ggg_{g.ﬁz L
A
I
i

_ — ] —]- ot B

—l X
G ot | madwf

It is based on the principle that whenever a vibratory system isin
equilibrium, the algebraic sum of forces and moments acting oniit is zero.
Thisisin accordance with D’ambert’s principle that the sum of the inertia
forces and the externd forces on a body in equilibrium must be zero.

Figure shows a helicd spring suspended verticdly from a rigid
support with itsfreeend a A-A

If amass mis suspended from the free end, the spring is stretched by
adistance A and B-B becomes the equilibrium position thus Ais the static
deflection of the spring under the wei ght of the mass m.

Let s= stiffness of the spring under the weight of the mass m.
In the static equilibrium position,

Upward force = downward force
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Sx? =mg

Now, if the mass m is pulled father down through a distance x, the
forces acting on the mass will be

Inertiaforce = mw\/ads)

Spring force(restoring force) = sx (upwar ds)4-

(x is downward and thus velocity u
downwards) N

As the sum of the inertiaforce and the externad force on the body in
any directionisto be zero (D’ dembert’s principle),

miads)

If the mass is released, it will start oscillaing above and below the
equilibrium position. The oscillation will continue for ever if there is no
frictiond resistance to the motion.

The above equation can be ygjtten as
Gl

am LA |

Thisis the equation of agfmaple harmonic motion and is anaogous to
Wl

The solution of whichidgivenby &=| |,

Xx=Asin Lumxu

Where A and B are the constants of integration and their va ues depend
upon the manner in which the vibration stats. By making proper
substitutions, other forms of the®olution can a s#¥%e obtained asfollos:

e ByassumingA=Xcos aB=X&n &= A

X = X(Sinkmt.c# +c0S ptsin )

= xSin( 5 e
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A

Where X and ae the constants and have to be found from initid
conditions. A A

e ByassumingA= Xsin andB=X&s & A
x= X(sin yt.obe +0os yt.cos )

A =x=X.cos( L—)'

Where X and ae the constants and have to be found from initia
conditions. The above solutions show tha the system vibrates with

frequency. ya

=7

Which is known as the naturd circular frequency of vibration. As
one cycle of motionis completedin an angl ez, the period of vibration is

0}

T= G_Z.? and, naturd linear frequency of the

vi braing system,

&

In generd, the words circular or linear are not used in naturd
circular frequency or in naturd linear frequency. Both are known as naturd
frequencies of vibration and are distinguished by their units.
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Freetorsonal vibrations(snglerotor)

Consider a uniform shaft of length/rigidly fixed & its upper end and
carrying adisc of moment of inertia a its lower end. The shaft is assumed
to be massless. If the disc is given atwist about its vertica axis and then
released, it will start oscillating about the axis and will perform torsiond
Vi brations.

PrPTTTL TN
Fy

Let:

T = angular displacement of the disc from its equilibrium position a
any i nstant

g = torsiond stiffness of the shaft

tor, equired to twist the shaft per radian within elastic limits

where G = modul us of rigidly of the shaft materia

J = poler moment of inertiaof the shaft cross-section

At any i nstant, the torques, agting onthe disc are
"o
e Inertiatorque = @':

kS
e Restoring torque(spring torque) = W. ;

Negati ve signs have been used as both of thistorques act opposite to the
angular displacement. For equilibrium, the sum of dl torques acting on the
disc must be zero.
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Therefore, T" -;-T VO

Or

T.T 2

Thisisthe equation o}_si mple harmonic motion.

I
BN )
= | =

.
=1y
= | =]

Causes & remedi es of vi br ation:

Causes of vibration:

below

1.
2.
3.

o

©

Some of the important causes of vibration in machines are listed

Unbaanced reciprocating machine parts

Unba anced rotating machine parts

Incorrect dignment of the transmission elements such as coupling
etc

Use of simple spur gears for power transmission

Warm-out teeth of the gears of the power transmission

IOmpect taking parttsd of ther machine of axplosion or impact of
working fluids of prime movers

Loose transimission bekts and chans.

Loose fastenings of the moving parts.

Vibration waves from other sources and machines instdled neardy,
due to improper isolatrion of vibrations from them.

10.Due to more maerid constact such as bases plates on the

foundations for the pedestd bearings.

11.Non-rigid machine foundations due to lack of compact soil below,

causing settlement of machi ne compounents.

160



SCTE & VT ODISHA THEORY OF MACHINE

Remedi es of vibr ation:

Althoughit isimpossible to eliminate the vibrations, yet these can be
reduced by adopting various remedies, some of the remedies are listed

below:

1.
2. Bdancing of unbd anced rotating masses.

3.

4. Proper tightening and locking of fastening and periodicdly

Partid baancing of reciprocating masses.
Using helicd gearsinstead of spur gases.

ensuring it agan.

Correcting the mis-Odingnmemnt of rotating components and
checking it from timeto time.

Timly repl acement of work-out moving parts, slides and bearings
with excessive clearance.

Isolating wvibrations from other machines and sources by
providi ng vi bration insulation pads in the machi ne foundations.
Making machine foundatioins on compact ground and making
them sufficiently strong, so that they do not yield or settle under
the load of the machine.
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