23.

24,

Roller diameter = 44 mm

Angle of ascent = 60°
Calculate the acceleration of a follower at the
beginning of the lift. Alse, find its values when the
roller just touches the nose and is at the apex of the
circular nose. Sketch the variation of displacement,
velocity and acceleration during ascent.

(88.12 m/s?; 164 mjs*; and —92.6 mfs?; —111 m/s%}
A flat-ended valve tappet is operated by a
symmetrical cam with circular arcs for flank and
nose profiles, The total angle of action is 150°,
base circle diameter is 25 mm and the lift is 25
mun. During the lift, the period of acceieration is
half that of the declaration. The speed of cam shift
is 1250 rpm. The straight-line path of the tappet
passes through the cam axis. Find
#} radii of the nose and the flank, and
{il maximum acceleration and declaration

during the lift.

{40.3 mm, 148 mm; 1465 m/s®; 808.8 mfs*)
In a fous-stroke petrol engine, the crank angle is
5° after t.d.c. when the suction valve opens and
53° after b.d.c. when the suction valve closes. The
tift is 8 mm, the nose radius is 3 mm and the least
radius of the cam is 18 mm. The shaft rotates at 8oo
rpm. The cam is of the circular type with a circular
nose and flanks while the follower is flat-faced.
Determnine the maximum velocity and the maximum
acceleration and retardation of the valve.

25.

26,

Cams 2§

When is the minimum force exerted by the springs
to overcome the inertia of moving parts weighting
2504.
(1.3 M/s; 433.7 Ms; 161.4 Mfs’; 40.35 N}
A symmetrical circular cam operates a flat-faced
follower with a lift of 30 mm. The minimum radius
of the cam is 5o mm and the nose radius is 12 mm.
The angle of lift is 80°. If the speed of the cam is
210 rpm, find the main dimensions of the cam and
the acceleration of the follower at (i) the beginning
of the lift (ii) the end of contact with the circular
flank (iii) the beginning of contact with the nose,
and (iv) the apex of nose.
{r = 68 mm, 29.38 m/fs*, 23.8 m/s?,
26.2 mfs?, 32.9 mjs?
A circular disc cam with diameter of 8o mm with
its centre displaced atao mm from the camshatt is
used with a fiat surface follower. The line of action
of the follower is vertical and passes through the
shaft axis. The mass of the follower is 2.5 kg and is
pressed downwards with a spring of stiffness 4 Nf
mm. In the lowest position, the spring forceis 5o N,
Derive an expression for the acceleration of the
follower as a function of cam rotation from the
lowest position of the follower. Also, find the speed
at which the follower begins to lift from the cam
surface.
{618.4 rpm)
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When a body slides over another, the motion is resisted by a force called the force of friction. The force arises from the
fact that the surfaces, though planed and made smooth, have ridges and depressions that interlock and the relative
rnevement is resisted. Thus, the force of friction on a body is parallel to the sliding surfaces and acts in a direction
opposite to that of the sliding body.

There are phenomena, where it is necessary to reduce the force of friction whereas in some cases it must be
increased. In case of lathe slides, journal bearings, etc., where the power transmitted is reduced due to friction, it
has to be decreased by the use of lubricated surfaces. In processes where the power is transmitted through friction,
attempts are made to increase it to transmit more power. Examples are friction clutches and belt drives, Even the
tightness of a nut and bolt is dependent mainly on the farce of friction. Had there been no friction between the nut and
the surface on which it is tightened, the nut would loosen off at the moment the spanner is removed after tightening.

KINDS OF FRICTION
Usually, three kinds of friction, depending upon the conditions of surfaces are considered.

1, Dry Friction

Dry friction is said to occur when there is relative motion between two completely unlubricated surfaces. It
is further divided into two types:

(a) Solid Friction When the two surfaces have a sliding motion relative to each other, it is called a
solid friction.

(b) Rolling Friction Friction due to rolling of one surface over another (e.g,, ball and roller bearings}
is called rolling friction (Sec 8.10).
2. Skin or Greasy Friction

When the two surfaces in contact have a minute thin layer of lubricant between them, it is known as skin or
greasy friction. Higher spots on the surface break through the lubricant and come in contact with the other
surface.

Skin friction is also termed as boundary friction (Sec 8.12).

3. Film Friction

When the two surfaces in contact are completely separated by a lubricant, friction will occur due to the
shearing of different layers of the lubricant. This is known as film friction or viscous friction (Sec. §. 15}.
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Experiments have shown that the force of solid friction
¢ is directly proportional to normal reaction between the two surfaces
opposes the motion between the surfaces
depends upon the materials of the two surfaces
is independent of the area of contact
is independent of the velocity of sliding

The last of these laws is not true in the strict sense as it has been found that the friction force decreases
slightly with the increase in velocity.

Let a body of weight W rest on a R, R R, R R,
smooth and dry plane surface. Under 4 4
the circumstances, the plane surface
also exerts a reaction force R, on the

ich i Le | * > el i
bOdy which 15 nommal to the plane TTITTTIIIPFITTITIII FTTTTITITT T TTITT7IV7
surface. [fthe plane surface considered

is horizontal, R, would be equal and !
opposite to W [Fig. 8.1(a)].

Let a small horizontal force F be
applied to the body te mowe it on the
surface {Fig. 8.1(b)]. So long the body
is unable to move, the equilibrium of
the body provides

R,=W and F=F

where F’ is the horizontal force resisting the motion of the body. As the force F is increased, the relative force
F " also increases accordingly. F’ and R,,, the friction and the normal reaction forces can alse be combined
into a single reaction force R inclined at an angle & to the normal. Thus

Reos8=W and RsinB=F

At a moment, when the force F would just move the body, the vatue of F* or R sinf (equal to F) is called
the static force of friction. Angle @ attains the value @ and the body is in equilibrium under the action of three
forces [Fig. 8.1(c)]:

F, in the horizontal direction

W, in the vertical downward direction, and

R, at an angle @ with the normal (inclined towards the force of friction).

FreR,
= UR,
where u is known as the coefficient of friction.
or
F}
M=
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F’
Also, in Fig. 8.1(c), tang = ra

n
or

UR,
m‘PzR—Z# 8.1)

The angle ¢ is known as the limiting angle of friction or simply the angle of friction.

Now, if the body moves over the plane surface, it is observed that the friction force will be slightly less
than the static friction force. As long as the body moves with a uniform velocity, the force F required for the
motion of the body will be equal to the force of friction on the body. However, if the velocity is to increase,
additional force will be needed to accelerate the body. Thus, while the body is in motion, it can be written
that

tan p=pu
where @ is approximately the limiting angle of friction.

Also, no movement is possible until the angle of reaction R with the normal becomes equal to the limiting
angle of friction or until ¢ = 1.

Example 8.1  Theforce requivedjust io move oru R,=277 or R, =277/u
a body on a rough horizontal Resolving the forces vertically,
surface by puliing is 320 N R, +320sin30°=
inclined at 30° and by pushing 277 277
380 N at the same angle. Find or — +160=W or = (i)
the weight of the body and the coefficient of H W -160
friction. Similarly, consider the push [Fig. 8.2(b)],
Solution Resolving the forces horizontally,
F =380 cos 30° or 2 R,= 329 or R, =329
o 320N B 380 N Resolving the forces vertically,
/‘/3‘-6°— 30° R, =W +380sin30°
F Fla— 329
e e e oy “"7 s or _332 — W +190 or H= —-———.—W+190 (i)
w w H
Equating (i) and (i1},
@ e @ 277 329
s w160 W +190
(a) Consider the pull [Fig. 8.2(a}]. or 277 (W+190) =329 (W — 160)
Resolving the forces horizontally, or 52 W=105270 or W=20244N
F =320 cos 30° or u=01486

1. Body at Rest

When a body is at rest on an inclined plane making an angle « with the horizontal, the fofces acting on the
body are (Fig. 8.3)
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¢ W, weight of body in downward direction

¢ R, normal reaction

s F’, force resisting the motion of body

From equilibrium conditions,
Wsino=F and Wcos @a=R,
If the angle of inclination of the plane is increased, the body will just slide
down the plane of its own when

Wsino=F =uR,=uWcos o

or tan @ = M =tan @

or a=¢ 8.2)

This maximum value of the angle of inclination of the plane with the w
horizontal when the body starts sliding on its own is known as the angle of %ﬁig. B.&%

repose ot limiting angle of friction.
2. Motion Up the Plane
Consider a body moving up an inclined plane under the action of a force F as shown in Fig. 8.4(a).

(m—&) + o+ @)
=n-[8=(a+ o]

F

Fl'l'liﬂ
x

(a) {b)

Let o = angle of inclined plane with the horizontal
8 = angle of force F with the direction of W.
As the motion is up the plane, the friction force F' (= 4R, would act downwards along the plane. Combining
F’ and R, as before, the body is in equilibrium under the action of forces F, W and R [Fig. 8.4(b)].
Applying Lami’s theorem, we gel
F _ W
sin[z—(@+@)] sin[x—{0—(@+@)}]

F w
sin(o+@)  sin[@—(x+@)]

Alternatively, a triangle of forces can be drawn as shown in Fig. 8.4(c), a.nd applying sine law of forces,
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F _ W
sin{ar+¢) sin[@- (o + )]

Thus,
F -_—M _ (8.3)
sin[6 — (e + )] :
(i} ifthe force applied is horizontal, 8= 90°
Wsin(a+¢) _ Wsin(a+g) = W tan (e + )

TSin[90°— (o +@)] | cos(a +9)
(ii) if the force applied is parallel to the plane, 8=90° + ¢

W sin (@ + @)

F=

sin [90‘3 +0— (0:+(,0)]
_ Wsin(a+¢)
- cos @
W (sin & cos @ + cos o sin @)
cos @
W{sin &+ jt cos ax)

(iif) F will be minimum if the denominator on the right-hand stde is maximum,
ie., sin[@- (ax+ @] =1
or 8—a+@=9%°
or B-(W°+a)=¢
i.e., the angle between F and the inclined plane should be equal to the angle of friction, In that case,
Fon=Wsin (o + @)

Efficiency The efficiency of an inclined plane, when a body slides up the plane, is defined as the ratio of the
forces required to move the body without consideration and with consideration of force of fiiction.

Let £, = force required 1o move the body up the plane without friction.

In the absence of friction, the force R coincides R, and ¢ is zero,

and

F = _W sin o
sin (8 —a)

F,  Wsina sin[8-~(a+g))

o

Fosin(@-a) Wsin(a+¢)

[Inserting ¢ = 0 in Eq. (8.3)] (8.4)

sin@  sin|@ - (& + ¢))
sinfee+ @)  sindf - )

sine  sinécos(a + rp).- cos B sin{ax + @)
sin{et + @) sin 8 cos & — cos B sin o
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sin @sin(cx + 8) c.os @+9) - c?s 6
_  sina sin(ex+¢@) sind
sin(or + 8) sinBsina{chsa _oos 9]
sin¢t  sin@

_cot{+@)—cotf
~ cota-cotd (8.5)
If 8=90° i.e, if the direction of the applied force is horizontal,

"= cot (& + @ )~ cot 90°

cot o — cot 90°
_cot{x+¢)
T cota

tan o

" tan @+ 9) (8.6)

3. Motion Down the Plane

When the body moves down the plane, the force of friction F’ (=uR,)
acts in the upwards direction and the reaction R, i.¢., the combination of
R, and F’ is inclined backwards as shown in Fig. 8.5(a). Assume that F
acts downwards.
Applying Lami’s theorem as before [Fig. 8.5(b)),
F _ W
sin[r—-(@-a)] sin[8+(p-a)

W sin(p - @)
sinff + (¢ — o)

F= 8.7

The equation suggests that £ is positive only for ¢ >¢ and when p=
e, the force required to slide the body down is zero, i.c., the body is on
the point of moving down under its own weight .

When ¢ < g i.e, the angle of friction is lesser than the angle of the
inclined plane, F will be negative meaning that a force equal to Fis to
be applied in the opposite direction to resist the motion.

However, for a given value of a, F is minimum when the denominator
of Eq. (8.7) is maximum

Fopio = W sin (¢— @) (8.8)
If friction is neglected, ie., p=0.

_Wsin(-a)  -Wsinga
° sin(@-a) sin(@-a)
The force is negative indicating that in the absence of force of friction,

(8.9)
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a force in the opposite direction is required to oppose the motion down the plane. This is due to the fact that
a component of W acts as an effort to move the body in the downward direction.

Efficiency Efficiency of the inclined plane when the body slides down the plane is defined as the ratio of
the forces required to move the body with and without the consideration of force of friction, i.e.,

F Wsin{p—a) sin(@—o)

M= F T Snie+(p-a)] Wsina
B sin (¢ — @) sin 8 cos ¢ —cos Bsin &
sin § cos (@ — o) + cos B sin (¢ — &) sin &
o [cosoc cos 9]
. sin@sino| — -
- sin{p — o) sinag  siné
s(Q— sino
sin @ sin (p — &) C(_)s @ oc)+ C?Se
sin(p—a) sind
_ cota—cot8 .10
cot{p — o} +cotd 10
When 8 1is 90° or the force applied is horizontal,
n= cota :tan(qp—a) @.11)
cot(p—a) tan o
Example 82 A body is to be moved up an s 3000 = Wisin 10° + gt cos 10°) i)
inclined p!anel by applying and 4000 = W (sin 15° + g cos 15°)
a force parallel to the plane e .
surface. It is found that a force dividing (ii} by (1),
of 3 kN is required to just move 4000 _ W(sinl5° + gcos15°)
it up the plane when the angle of inclination is 3000 W (sin 10° + p cos 10°)
10° whereas the force needed increases to 4 kN 107 10°
when the angle of inclination is increased to or  (sini0”+pcos10”) _
15°. Determine the weight of the body and the =0.75 (sin15° + prcos15%)

coefficient of friction. or i {cosl0°—0.75 cosl15°}
=1(.75 sin15% —sin 10°

Solution:

: 0.2604 1 =0.0

When the force applied is parallet to the plane o 6 :5; 0 0332

surface, _ From (i) 3000 = W (sin 10° + 0.0786 cos 10°)
F=W(sin @+ ti cos &) W=11950Nor 11.95 kN

A screw thread is obtained when the hypotenuse of a right-angled triangle is wrapped round the circumference
of a cylinder.
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Figure 8.6(a) shows a triangle abc which is the |
development of a helix of diameter  and lead / (or fo— o =y
pitch p for a single start thread). i

Length of base = circumference of the cylinder b
of screw threads k3
/
=nd g (a)
‘ . ¢ +
Height of triangle =/ - | 2
/ - ' (©)
tano = —
nd
where (& is the helix angle.
Square Threads 0
A square-threaded screw used as a jack to raise a
load W is shown in Fig 8.6(b). Faces of the square
threads in the sectional view [Fig. 8.6(c)] are
normal to the axis of the spindle. Force F acting
horizontally is the force at the screw thread required
to slide the load ¥ up the inclined plane.
From Eq. (8.3) (6 = 90%)
_ VWsin(a+e)
sin[90° - (e + )]
_ Wsin{a +¢p)
cos (& + @)
= W tan (o + ¢) (8.12)
W tan ¢ + tan ¢
| ~tan ¢ tan ¢
L
= nd H
o L
md K
_y L+ Hnd (8.13)
md — ul

A bar is usually fixed to the screw head to use as a lever for the application of force.
Let /= force applied at the end of the bar of length L
Then

or

f=—= ?tan (x+@) (8.14)
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If the weight is to be lowered,

. Wsin(g-a) o

" sin (90° + (9 - @) [from Eq. (8.7), 8= 90°]

T cos(@—a)

=W tan (¢ — o) (8.15)
f:%{tan((o_a) (8.152)

work done in lifting the load/rev.

S flici =
crew eICIency = 7 ork done by the applied force/rev.

_ W x{
Fxnrd
W

= s D —

F ad

_ W
W tan (& + @)

_ tan o
tan (o + @)

d tan o -0
de | tan{o + @)

(8.16)

This is maximum when n 0
do

or
sec” a tan (& + ) —sec” (@ + @) tanor 0
or tan’ (& + )
or sec” @ tan (@ + @) —sec” (@ + @) tanor =0
tan (ot +@)  tang
or sec” (@ + @) sec’ o
sinte+¢) cos’ (a+ @)= Sno cos” &
or cos (& + @) cos &
or sin{+ @)cos{x+ @) =sinocosx
or 2sin{a+p)cos{o+ @) = 2sinacosox
or sin 2 (@ + ¢} = sin 2a
This is possible if either (@ + @) =, i.e., ¢ = 0 {or no friction)
or sin 2{e + @) = sin(7 - 20)
ie. Aax+rpy=n-2a

4o +2p=1
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E -
20 4502
4 2
Thus, the necessary condition for the maximum efficiency is

a=45-2
2

tan [45° - %]
Also, Mo, =

] tan(45°—%+tp]

- tan(45°—5E !

(.17

tzm45°-taun—‘-2‘3 l—tan45°tan%

t

l+£an45°tan522 tan45°+tan%

cos® %_’_sz E—ZCOSESH‘IQ

cos’ L4 +5in° £+ 25in£‘?cos2
2 2 2
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1-2sin £ cos @
_ 2 2
t+2sin ? cos?
2 2
l—-sing
= AR
1+sing (8.18)
Mechanical advanta weight lifted W w
echanical advantage = —=—=
force applied 1 P_i?_‘wn (@+0)
L
= = cot (ot + ¢) (8.19)
-
i ] distance moved by force/rev.
Velocity ratio = distance moved by load/rev.
or
2rl L L
VR = = = 8.20
I 1 d rtana (820
xd 2

Observe that the angle of friction should always be more than the helix angle of the screw. Otherwise,
the Joad will slide down of its own under the wei ght W, Such a condition is known as overhauling of screws.
Thus, & is not to be more than @ to prevent the nut from turning back. Such a screw is known as self-locking
screw. When o = ¢, the nut will be on the point of reversing and

fanax  tang 1}
tan{x+¢) tan2y 2

Thus, reversal of the nut is avoided if the efficiency of the thread is less than 50% {approximately),

Note that in case of square threads, as the helix angle a of screw threads is usually very small (3° -89,
the faces of the threads are normal to the axis of spindle and thus, the normal reaction R, is almost equal to
the load W (cos o = 1).

screw efficiency = (8.21)

V-Threads

In case of V-threads, the faces are inclined to the axis of the spindle even if R, b R, cos 8
the helix angle is neglected. Figure 8.7 shows a section through a V-thread, E

in which 2 is the angle between the faces of the thread {or has not been

considered Thus, not shown}. If R, is the normal reaction then clearly the
axial component of R, must be equal to W, i.c.,

W=R,cosfj
w
R =
or " cosfB
Friction force on the surface = y R, o e
W i¥ig. 8.7

cos f
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= ——HW

cos 3

='u’W

(8:22)

This shows that the coefficient of friction i (or tan @) as used in relations for the square threads is to be
replaced by g’ or w/cos B or tan @vcos 8 to adapt them to V-threads.

Example 8.3 A square-threaded bolt with a
core diameter of 25 mm and
a pitch of 10 mm is tightened
by screwing a nut. The mean
diameter of the bearing surface of the nut is 60 mm.
The coefficient of friction for the nut and the bolt is
0.12 and for the nut and the bearing surfuce, it is
0.13. Determine the force required at the end of a
400-mm long spamner if the load on the bolt is

12 kN.

Solution:
The mean diameter of the threaded bolt = 25 +
(10/2) = 30 mm

= — = - P ]
Now, tan o xd <30 (10636, xx=3.64

tan ¢=1{.12 @ =684
T=Fr=Wtan(ax+ ¢)r

=12 000 tan (3.64° + 6.84") x {(28/2)
=31076 N.m

Torque due to friction between nut and bearing
surface = (g W) r
=0.15x12 000 x 30
=54 000 N.mm
Total friction torque required = 31076 ~ 54000 =
85076 N.mm
If F” is the force to be applied at the end of
spanner,
F'xi=T
F7 x 400 = 85076
F'=2127N

The cutting speed of «
broaching machine is ¢ m
per minute. The cutter of
the machine is pulled by a
square-threaded screw with
a nominal diameter of 60 mim and a pitch 12-mm.

Example 8.4

The operating nut takes an axial load of 500 N
on a flat surface of 80 mm external diameter and
48-mm internal diameter. Determine the power
required to rotate the operating mut. Take | =
0.14 for all contact surfaces on the nut.

Solution: The mean diameter of the threaded bolt
=60- (12/2)= 54 mm

I\Iovmtanisc=Ef‘-}”{sdjr

U =tan ¢=0.14, 6=797
T =Fr=Wtan (a+ o) r
= 500 tan (4.05° + 7.97°) x (54/2)
= 2873 N.mm
Mean radius of the flat surface = (¢, + r,) /2
= (40 + 24)/2 =32 mm
Torque due to friction between nut and bearing
surface = (u W) r
=0.14 x 500 % 32
= 2240 N.mm
Total friction torque required = 2873 + 2240 =
513 N.mmor5.113 N.m
As the threaded screw advances a distance equal
to one pitch in one revolution,
The cutting speed = px N

=0.0707, a=4.046°

or 9000 =12xN
or N =750 rpm
. Power required to operate the nut = Tx =
2m x 750 :
5013 x ————=401.6 W
Example 8.5 Two railway coaches are

coupled with the help of two
tie rods of a turn buckle with
right and left handed-threads
having  single-start square
threads. The pitch and mean diameter of the
threads are 8 mm and 30 mm respectively, What
will be the work done in bringing the two coaches
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closer through a distance of 160 mm against a Example 8.6 A whitworth bolt with an angle
steady load of 2 kN? Take i = 0.12. of V-threads as 55° has a pitch
Solution: Figure 8.8 shows the outline of a tum of 6 mm and a mean d:amef‘er
buckle. Ly of 32 mm. The mean radius

of the bearing surface where the nut is tightened
is 20 mm. Determine the force required at
the end of a 400-mm long spanner when the
load on the bolt is 8 kN. The coefficient of
Sriction for the mut -and the bolt is 0.1 and

Rod
(L.H. thread)
(TSI

777777, Jor the nut and the bearing surface is 0.15.
Coupler ! '
{R.H. thread) Solution;
0 L4 Virtual coefficient of friction,
“Fig. 8.8
ko s u 0.1
y=——=—"——=0113

p=8mm #=0.12
=30 mm W=2000 N

T cosB cos275°
or tan@=0.113 or ¢@=645°

P =]
tan @ = poriaimervs 0.0848 or @ = 4.85 tan o= d T 0.0597, a=3.42°
a=tan @=0.12 or = 6.84° Torque transmitted = Fr = Wtan(a + @) x r
Torque on each rod = F'r = Wtan (& + @) x r = 8000 X tan (3.42° + 6.45%) x 16
= 2000 x tan (4.85° + 6.84°) x 0.015 =22 27 N.mm
=621 N.m Torque due to friction between nut and bearing
Total torque on the coupling nut = 2 x 621 = p o0 (uWyr
1242N.m =0.15 x 8000 x 20
In one complete revolution of the rod, each coach =24 000 N.mm
is moved through a distance equal to the pitch. Total friction torque required = 22 271 + 24 000
Number of turns required to move the coaches  — 46271 N.mm
through a distance of 160 mm If F”is the force to be applied at the end of
=160/2x 8y=10 spanner,
Work done, W=T.0=1242x2xx10=780.4 N.m F'x]l=T
po_ane _ _ tand85 F % 400 = 46 271
tan{@+¢) tan(4.85°+ 6.84%) F = 1157N
= 0.41 or 41% '
6 SCREW JACK

A screw jack is a device used to lift heavy loads by applying a smaller effort at its handle. Fi gure 8.9 shows
a common type of screw jack. It consists of a threaded screw that fits into the inner threads of the nut. The
load is placed on the head of the threaded screw which is rotated by applying an effort at the end of a lever
for lifting or lowering the load. The load placed on the head may rotate with the screw or it may be put on a
swivel head (bearing) and thus, may not rotate with the screw. In that case, friction between the swivel head
and the screw rod is also considered.

Expressions for the torque applied by the screw jack and its efficiency are given below:

Torque required to lift the load, T= Fr = Wtan (a+ ¢) r
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Collar
{swivel head}

Bearing Lever
surface 7
Spindle — -
head %
Threaded __,..
spindle Nut
4 Body
Torque required to lower the load, 7= Fr=Wtan (p—a)r
W
Mechanical advantage = )
Efficiency, n= _fano
tan (& + @)
Example 8.7 A load of 15 kN is raised by W 15000
means of a screw jack. The MA:F:_I-E:L?_S'
mean diameter of the square _
threaded screw is 42 mm and Efficiency,
tan & tan 4.335°

the pitch is 10 mm. A force
of 120 N is applied at the end of a lever to raise
the load. Determine the length of the lever 10 be
used and the mechanical advamtage obtained, Is
the screw self-locking? Take u = 0.12.

Solution:

P10 0758, = 4335
ne= 0 axan QU8 a=4.

u=tan¢=10.12, ¢=6.843°
T=Fr=Wtmia+@r
15 000 tan (4.335° + 6.843°) x (42/2)
= 62244 N.m
Let / is be the force to be applied at the end of
lever,

Fxil=T
120 x{ = 62 244
/=5187mmn

Tlan(a+¢)  tan (43359468430 0384
As the efficiency is less than 50%, therefore, the
screw is self-locking.

Example 88  The jollowing data relate 1o a
screw fack:
Pitch of the threaded screw
=8 mm
Diameter of the threaded screw
= 40 mm
Coefficient of friction between screw and nut = 0.1
Load = 20 kN _

Assuming that the load rotates with the screw,
determine the

() ratio of torgues reguired to raise and

lower the load

(ii} efficiency of the machine,
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Solution:
P
tanegr = — = 8 = 0.0637
nd mx40
o= 3.64°
pg=tane=01 or ¢ =3571°

(i) To raise the load
T=Fr=Wtan{a+¢r
=20 000 x tan (3.64° + 5.71°} % 0.02
or =6586 N.m
To lower the load
T=Wtan (9 — ar
=20 000 X tan {5.71° - 3.64°) x 0.02
=14.46 N.m
Torque to raise the load ~ 65.86
Torque to lower the lcad  14.46
i) Efficiency = _ane
(iiy Y tan (@ + @)
_ tan 3.64°
tan {3.64° +5.71°)

= 4.56

=0.386 or 38.6%

In a screw jack, the diameter
of the threaded screw is 40
mm and the pitch is 8 mm.
The load is 20 kN and it does
not rotate with the screw but
is carried on a swivel head having a hearing
diameter of 70 mm. The coefficient of friction
between the swivel head and the spindle is (.08
and between the screw and nut is 0.1. Determine
the total torque required 1o raise the foad and
the efficiency.

Example 8.9

Solution:
tana=i= i = 0.0637
ad x40
or a=3.64°
pg=tanp=0.1 or ¢ =571°

To raise the load,
T=Fr=Wtan(a+ ¢}r

=20 000 x tan (3.64° + 5.71°)y x 0.02
or =65.86 N.m
Torque due to collar friction = (i W)

=0.08 x 20 000 x (L.035

=56 N.m
Total friction torque required to raise the load

=65.86 + 56 = 12]1.86 N.m
Work done in lifting the load/rev.

1=
] Work done by the applied force/rev.

Wxp W
= = —tanc
Fxnd
T 121.86
where F=—= ) = 6093 N
I
20000
= 20900 0.0637=0.209 or 20.9%
6093 ===

Example 8.10 A screw juck raises a load of

16 kN through a distance of
150 mm. The mean diameter
and the pitch of the screw are
36 mm and 10 mm respectively. Determine the
work done and the efficiency of the screw jack
when the
1. Inad rotates with the screw
2. laose head on which the load rests does
not rotate with the screw and the owtside
and the inside diameters of the bearing
surface aof the loose head are 50 mm and
10 mm respectively.
Take coefficient of friction jor the screw and the
bearing surface as 0.14.

Solution;
h = 150 mm; W =16 = 10? N; p =10 mm;
d=56 mm; = 0.11

ane =2 =0 200568
nd A"AxX56
or = 3.25°
p=tn =011 or ¢=628°

To raise the load,
T=Fr=Wian{a+ @) r
= 16000 x tan (3.25° + 6.28°) x 0.028
=75211 N.m
In one complete revolution, the distance moved
by the screw is equal to one pitch or [0 mm.
", humber of revolutions made by the screw =
150410 =15
(a) When load rotates with the screw
Work done in raising the load/rev. = T. 21
.. total work done in raising the load
=T.2aN=75211 x2gx 15=7088 N.m



tana tan 3.25°
tan{x +4¢) tan(3.25°+ 6.28%)
=0.338 or 33.8%

Efficiency =

s Efficiency can also be found from
_ Work done in lifting the load/rev.
Work done by the applied force/rev.
SUET I
Fxad F
where F = r 75'21.1 = 2686 N
r

0.028
16000 . 0568 = 0.338 or 33.8%
2686 o

(a) When load does not rotates with the screw
Mean radius of the bearing surface,

o

Friction

1{50+10
r=—

(%

Torque due to collar friction = (i Wyr
=0.11 x 16 000 x 0.015
=264 N.m

Total friction torque required to raise the

load = 75.211 + 26.4 = 101.61 N.m

Work done in raising the load =

T2gN=101.611 x2ax 15=9577 N.m

_ Work done in lifting the load/rev.
Work done by the applied force/rev,

]:15 mm

Wxp W
=———=—tan &
Fxad F
where F=£=M=3629N
r 0028
= m x (.0568 = 0.25 or 25%
3629 I

A wedge is used to raise loads like a screw jack. It consists of three sliding pairs as shown in Fig. 8.10(a)
formed by the frame 4, wedge B and the slider S. When a force F is applied to the wedge, the slider is raised
in the guides raising the load.

Mechanical efficiency of the wedge is defined as the ratio of the load raised when friction is considered to
the load raised when friction is neglected while the force applied is the same.
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1. Friction Neglected

(@) Equilibrium of Wedge The wedge is acted upon by [Fig. 8.10(a)] the
¢ horizontal force F
» reaction R, of the surface 4 in the vertical direction
s reaction R, of the slider, normal to slanting surface
For the equilibrium of the wedge, three forces must meet at a point and be balanced vectorially. Thus, R,;
passes through the point of intersection of F and R, ;.

Also F=R,,sma

R,=R,cosax= cosx = Feotox

sino

() Equilibrium of Slider The slider is acted upon by the
»  weight W, vertically downwards
s reaction R’ , of the wedge, equal and opposite to R,
s reaction of the guide
The guide surface is vertical. Therefore, it exerts a horizontal reaction force on the slider. The three forces
must also meet at a point, i.e., the reaction of the guide must also pass through D. However, in practice, the
guide surface will be above D as shown in Fig. 8.10(a). Now, if it is assumed that the reaction of the guide
acts through C, the lower end of the guide, and is equal to the horizontal component of R',; (= R',, sin o), a
clockwise couple will act on the slider. The slider is balanced only if two reaction forces R,; at the lower end
and R, on the upper end of the guide act as shown in the figure.
Let x = height of lower end of guide from D
y = height of the guide.
Balancing the horizontal and vertical components of forces,

Rai—Ru=Rsina=R,sina=F
nl T

' F
W=R,cosa=R,cosa=R,; = Fcotx =—— i
and 2 n2 o )

Taking moments about D,

Rn3xx=Rn4x(x+y):Rn4x+Rn4y

or (Rys —Rpq) = Roa

or FzRi;—d'y

or R,M:%

and R,,3=F+F£:F[l+§]

2. Friction Considered

Let @’ = Angle of friction between frame A slider § and wedge B
¢ = Angle of friction between guide G and slider §
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(a) Equilibrium of Wedge The forces acting on the wedge are [Fig.8.10(b})] the
e horizontal force F

s reaction R, inclined at an angle ¢ with R ;. the wedge moves towards left and so the friction force
acts towards right
» reaction R, inclined at an angle ¢”with R,.
For equilibrium [Fig. 8.10(c}],
Fid _ R, _ ¥
Sn [P0+ (a+ @] sin(90°+¢")  sin[180°—(a+2¢"))
R Ry F
cos (o + @) " cos¢’  sin{a+29")
_ cos(a+ ")
" sin{oc+ 29"

__cosg’
sin (o + 29")

2
and

(b) Equilibrium of Slider The slider is acted upon by the
e reaction R’, of the wedge, equal and opposite to R,
» weight W', vertically downwards
e reactions R; and R, of the guide
The motion of the guide is vertically upwards. Therefore, the friction force acts in the downward
direction.
Let R, and R, intersect at O. the distances o and z are as shows in the diagram.
Taking moments about O,

R [sin(a+q)')](x+z)+W’[a+%]—R§ cos(a+qa’)[a+%} ={

(x+z)sin{o+9)

23]

W’ =R;|cos(at+¢)—

_ Fcosg’ ! cos (o + o) - (x+2)sin{ax + ") (i)
sin(¢x + 2¢") [a+9)
2
Dividing (ii) by (1),
n= W c'ostp’ tan (,I cos(@+ ')~ (x+z)sin{a+¢")
W sinfa+2¢7) [a*"%}

If x and b are comparatively small and can be neglected,

= M[cos{a +¢) - 2 gin {or+ (D’]}
sinter + 2¢°) a
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cos ¢’ tan ¢
sin(c + 2¢")

[eos (o + @”) — tan g sin (& + )] (8.23)

sin (o + 2¢")

cos @’ tan ¢

cos ¢

xcos(a+(p+(p')

Itp=¢,

sin{a + 2¢")

_ fan &
tan (@ + 2¢}

Example 8.11  Determine the efficiency of the

wedge shown in Fig. 8.10(a).
The angle of the wedge is 30°
and coefficient of friction for

the wedge and the slider is
8° and for the guide and the slider, it is 6°

Determine the efficiency.

Solution:
H=tan = tan 6° = 0.105

__ @wo*rs AND COLLARS

When a rotating shaft is subjected to an
axial load, the thrust (axial force) is taken
either by a pivot or a collar. Examples are the
shaft of a steam turbine and propeller shaft
of a ship.

Collar Bearing

A collar bearing or simply a collar is provided
at any position along the shaft and bears the
axial load on a mating surface.

The surface of the collar may be plane
(flat) normal to the shaft (Fig. 8.11) or of
conical shape (Fig. 8.12).

Pivot Bearing

When the axial load is taken by the end of
the shaft which is inserted in a recess to
bear the thrust, it is called a pivor bearing or
simply a pivot. It is also known as Jootstep
bearing,

r

i

cos @

From Eq. (8.24),

_ cos ¢’ tan o {cos (& + 9"} cos @ — sin @ sin (o + (o’)]

(8.24)

(8.25)

_ Cos@’tanx _ cos(@+¢@+ ')
sin (o + 2¢") cos g
_ ©os8°tan 30° cos(30° +6° +8°)
sin (30° + 16°) cos 6°
= 0.547

F

Z
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The surface of the pivot can also be flat or of F F
conical shape [Figs. 8.13(a) and (b)].

Uniform Pressure and Uniform Wear

Friction torque of a coellar or a pivet bearing is
calculated, usually, on the basis of two assumptions.
Each assumption leads to a different value of torque.
In one case, it is assumed that the intensity of
pressure on the bearing surface is constant whereas
in the second case, it is the uniform wearing of the
bearing surface.
Under the first assumption, pressure is assumed L

to be uniform over the surface area and the intensity @3' 8‘1§
of pressure is given by (Fig. 8.11).

berrrrsrs ST

axial force

Pressure = -
cross-sectional area

or
po F
n(R; ~ R (8.26)

where R, = outer radius of the collar
R, = inner radius of the collar
For uniform wear over an area, the intensity of pressure should vary inversely proportional to the
elementary areas, 1.¢., it should decrease with the increase in the elementary area and vice-versa. This can be
illustrated by drawing a line with a chalk. In doing so, a little quantity of chalk is worn from the stick. Now,
if it is desired that the chalk is worn by the same amount, but the length of the line is doubled, the pressure
on the chalk has to be reduced to half that in the previous case. Therefore, for uniform wear, product of the
pressure applied and the distance travelled must be constant. For uniform wear of the surface, let
py = normal pressure between two surfaces at radius r,
P, = normal pressure between two surfaces at radius r,
& = width of the surface at radii , and r, (equal width)
p xareaatr, =p, X area at r,
PIX2ArXbh=p;x2nrxb
or Brn=pn
or pr = constant {827
Thus, in case of uniform weariness of the two surfaces, product of the normal pressure and thg corresponding
radius must be constant. This means the pressure is less where the radius is more and vice-versa. Pressure on
an elemental area at radius » can be found as given below.,

R,

Axial force, £ = | Axial force on the elemental area
£,
R

1
= | Pressure on the element x Area
R
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=2aC(R,—R)
=2apr{R,—R)
or pressure intensity p at a radius » of the collar,
F

__F 8.28
7= 2mr(R,-R) (8:28)

In a flat pivot, in which R, = 0, the pressure would be infinity at the centre of the bearing (r = 0), which
cannot be true, Thus, the uniform wear theory has a flaw in it.
Coilars and pivots, using the above two theories, have been analysed below:

Collars

(i} Flat Collar
et p = uniform normal pressure over an area
\/L F = axial thrust
N = speed of the shaft
4 = coefficient of friction between the two surfaces
Consider an element of width & of the collar at radius . Friction force on the element (Fig. 8.10},

O6F = u x axial foree

"

= U X px area of the element
UXpX2Trdr

Friction torque about the shafl axis,
8T = 8F xr
HXxpx2 mr&xr
=2upnré
R,
Total friction torque, T = !{ 2uprridr (8.29)

{a)  With Uniform Pressure Theory Pressure is uniform over the whole area and is given by
- F

p=———s
R(R, ~R’)

v

Z,usrrr2

T= ——odr

B ey 1
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CUF (R - R

3R, - RY) ®39

(b)  With Uniform Wear Theory Pressure p at a radius » of the collar is given by
_ F
P=o%rR, - k)

r,
T=]2unrt ———d
| - (R, -R)

HFr
R.l Rr’J - Ri
_ HF(R; - R})
2(R, - R))

—Fa

dr

:E;—(Ra +R)

= i F x Mean radius of the collar bearing (8.31)

(ii) Conical Collar (Frustum of Cone) This is also known as trapezoidal or truncated conical pivol.
Consider an elementary area of width & at a radius » of the bearing (Fig. 8.11).

Axial force

Normal force on the elementary area :
sin o

Axial force 1

Normal pressure on the elementary area - :
sinex  Surfacearea

Axial force 1

sinag  2nrdrisina
Axial force
2rr.dr
Axial force
Area | to axial force

Axial pressure (p)

i.e., normal pressure on the surface is equal to the axial pressure on a flat collar surface.
Friction force on the element,

8F = pi x p x Area of the clement
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ér
=X pX2rr—
s &

Friction torque about the shaft axis,

2
2UpRy 5r

ST = 6F xr = ——
sin o

Total friction torque,

R, 2
T | 2HPET

R singx (8.32)

(a) With Uniform Pressure Theory

_ Rj' 2unr’ F
R sinat m (R} ~R})

. R,
___WF |\
sing (R —R?)| 3

£;
__mF[ﬁ—ﬁ]

T dr

3sina| R? — R} (8.33)

from that for flat collars.

i.e., the torque is increased in the ratio

(b) With Uniform Wear Theory

R, 2 F

- 2,1'mr ar
R, sing 2ar(R,—R)
R
i F

= f—‘u——rdr
R sina (R, ~ R;)

23R
___wF (7
sima (R, - R)\ 2 e

- 2HFQ-(R” +R,) (8.34)
sim
_WF

sin o

T

x mean radius of the bearing

times from that for ffat collars.

i.e., the torque is increased by

Sing
Pivots

Expressions for torque in case of pivots can directly be obtained from the expressions for collars by inserting
the values R;=0and R, = R.
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(i} Fiat Pivot
(a) Uniform pressure theory, 7 = %pFR (8.35)
(b) Uniform wear theory, 7 = % UFR (8.36)
{i1) Conical Pivot .
(a) Uniform pressure theory, T = 2#_FR (8.37)
Jsina
(b) Uniform wear theory, 7 = 228 (8.38)
2sina

The above expressions reveal that the value of the friction torque is more when the uniform pressure
theory is applied. In practice, however, it has been found that the value of the friction torque lies in between
that given by the two theories. To be on the safer side, out of the two theories, one is selected on the basis of
the use.

Aclutch plate transmits torque through the force of friction. Thus, though a clutch will surely be transmitting
torque given by the uniform wear theory (tower value), it is not necessary that the clutch can also transmit
a torque given by the uniform pressure theory (higher value). Therefore, it is safer to say that the clutch
transmits a maximum torque based on the uniform wear theory and design it accordingly. However, the actual
torque transmitted will be a little higher.

On the other hand, while calculating the power loss ina bearing, it is to be on the basis of uniform pressure
theory, though the actual power loss will be a little less than that calculated,

Example 812 In a thrust bearing, the YN 27 x 400
external and the internal P=T&J=T~a—=635.12x~—60—-—
diameters  of the contacting A
surfaces are 320 mm and 200 =26602W or 26.602 kW
mm  respectively. The total ¢ __ _ total load

uxial load is 80 kN and the intensity of pressure is Number of collars load per collar

350 kN/im’. The shaft rotates at 400 rpm. Taking P
the coefficient of friction as 0.06, calculate the e
power lost in overcoming the friction. Also, find pXT{R; —R)

the number of collars required for the bearing. 80 x 10?
Solution: © 350x10° x 7 [(0.16) — (0.10)]
R,=0.16m  F=80x10°N
R=01m 1=0.06 =4.66 or 5 collars
N=400tpm  p=350x 10° N/m? o
Using uniform pressure theory as we are to find Example 813 4 conical pivot with angle of

cone as 100° supports a lpad

of 18 kN. The external radius

is 2.5 times the internal radius: .

The shaft rotates at 150 rpm.

(0.16)° —(0.10)° {f the intensity of pressure is to be 300 kN/n?

m and coefficient of friction as 0.05, what is the
' ' power lost in working against the friction?

the power loss in a bearing,

2 R-R
T=puF| 22—
3”[ﬁ—ﬁ}

=%><0.06><80><103!:

= 3200 x 0.1685
=635.12 N.m
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Soelution:
F=I18kN R,=2.5R,
p=300kN/m> N =1501pm
u=1005 o = 50°
In case.of uniform pressure, normal pressure
p= F
T (R.f - Riz)
k]
or  300x10' = — 10
m[(2.5R) — R/
2 18
or  (25R) -R’ =
300xm

R,=0.0603 m
R,=0.0603 x2.5=0.1508 m

2 uF | R -R
A il " B

Ising Réf — R?
_ 2 005x18000
3 sin 50°
[(0.1503)3 - (0.0603)°

(0.1508)% — (0.0603)

poto=T TN 13 ex 2210
60 60

T

]:]31.6N.m

=2067 W or 2.067kW

Example 8.14 A thrust bearing of a propeller
shaft consists of a number of
collars. The shaft is of 400
mm diameter and rotates at
a speed of 90 rpm. The thrust
on the shaft is 300 kN. If the mtensity of
pressure is to be 200 kN/m’ and coefficient of
friction is 0.06, determine external diameter
of the collars and the number of collars. The
power lost in friction Is not to exceed 48 kW.

mONCLUTCHEs

Selution:
R, =200 mm; N = 90 rpm; F'= 300 x 10° N;
p=200kN/m? =0.2 N/mm?

P =48 kW; yt = 0.06

2N 2z x 90
P=T. & or 48000 =T. %0

or T=5093 N.m= 5093 x 10° N.mm

Let R, be the external radius of the collar.

2 R - R
DTS of [k ' I
i [Rz-n,?]

_2 o R RYR? + R: + R,R)
(Ro - Ri){Ro + R:)

3 a"l
2 R+ RY + R,R,
=3H R +R
or  5093x10° = % x 0.06 x 300 x 10°

R +200% + 200R,

R, +200

or 4244(R, +200) = R, +200° + 200R,
or R?-2244R, —44880=0

| 22443 22447 + 4 X 44880

or o = 2

= 352 mm (Taking positive sign only}
In case of uniform pressure, normal pressure
p= F

an (R} - RY)
_ 300 x10°
an[3527 ~200°]
n=569

Thus, number of collars = 6

or

A clutch is a device used to transmit the rotary motion of one shaft to another when desired. The axes of the
two shafts are coincident. '

In friction clutches, the connection of the engine shaft to the gear-box shaft is affected by friction between
{wo O more rotating concentric surfaces. The surfaces can be pressed firmly against one another when
engaged and the clutch tends to rotate as a single unit.



1. Disc Clutch {(Single-plate Clutch)

A disc cluich consists of a clutch plate
attached to a splined hub which is free to
slide axially on splines cut on the driven
shaft. The clutch plate is made of steel
and has a ring of friction lining on each
side. The engine shaft supports a rigidly
fixed flywheel.

A spring-loaded pressure plate presses
the clutch plate firmly against the flywheel
when the clutch is engaged. When
disengaged, the springs press against a
cover attached to the flywheel. Thus, both
the flywheel and the pressure plate rotate
with the input shaft. The movement of the
clutch pedal is transferred to the pressure
plate through a thrust bearing.

Figure 8.14 shows the pressure plate
pulled back by the release levers and the

Input
shaft

T

7
7

Clutch plate

Fiywheel

707

Friction 274

-3
\‘\.E Pressure plaie
[
i Y So
| ’ 7Ty pring
”, )
\ o s —_—
¢ AU i s
—
_ Output
= ohaft
\\\“ o S A A .y
N N 4
| "IIIIJ
; Cover
|* .
e A
k “‘!E Spiined hub
Friction lining

Wi 18

friction linings on the clutch plate are no longer in contact with the pressure plate or the flywheel. The
flywheel rotates without driving the clutch plate and thus, the driven shaft.

When the foot is taken off the clutch pedal, the pressure on the thrust bearing is released. As a result, the
springs become free to move the pressure plate to bring it in contact with the clutch plate, The clutch plate
slides on the splined hub and is tightly gripped between the pressure plate and the flywheel. The friction
between the linings on the clutch plate, and the flywheel on one side and the pressure plate on the other, cause
the clutch plate and hence the driven shaft to rotate.

In case the resisting torque on the driven shaft exceeds the torque at the clutch, clutch slip will occur.

2. Multi-plate Clutch

In a multi-plate clutch, the number of
frictional linings and the metal plates 13
increased which increases the capacity of the
clutch to transmit torque. Figure 8.15 shows a
simplified diagram of a multi-plate clutch.

The friction rings are splined on their outer
circumference and engage with corresponding
splines on the flywheel. They are free to slide
axially. The friction material Thus, rotates
with the flywheel and the engine shaft. The
number of friction rings depends upon the
torque 1o be transmitted.

The driven shaft also supports discs on the
splines which rotate with the driven shaft and
can stide axially. If the actuating force on the

Engine
shaft

Disc
{plate)

Fiywhesl

Friction rings (splined}

Friction lining
Spring
Driven shaft
\\\\\\\\\E\‘.S

g o

pedal is removed, a spring presses the discs into contact with the friction rings and the torque is transmitted

between the engine shaft and the driven shafi.
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If » is the total number of plates both on the driving and the driven members, the number of active surfaces
will be n—1.

3. Cone Clutch

In a cone clutch (Fig. 8.16), the contact surfaces

. -, b

are in the form of cones. In the engaged position, _'l\

the friction surfaces of the two cones 4 and B are in

complete contact due to spring pressure that keeps

one cone pressed against the other all the time. F,
When the clutch is engaged, the torque is

transmitted from the driving shaft to the driven @~ (——ffreereex

shaft through the flywheel and the friction cones. ‘é‘

For disengaging the clutch, the cone B is pulled

back through a lever system against the force of the

spring. A;
The advantage of a cone clutch is that the normal

force on the contact surfaces is increased. If F is the

axial force, F, the normal force and « the semi-

cone angle of the clutch then for a conical collar

with uniform wear theory,

<I
\
\
N

Fﬂ = F
SIm Y
2xpriR, - R
b —ps_l(n(x—_l (Refer Eq. 8.28)
. R,-R
=2 prb (Slnﬂf == (8.39)

where b is the width of the cone face. Remember as pr is constant in case of uniform wear theory which is
applicable to clutches to be on the safer side, P is to be the normal pressure at the radius considered, L.e., at
the inner radius it is p7; and at the mean radius Pur ,

Also,

HF
2sinox
_HF sina (R, +R)
~ osina 2

=UER,

7=

(R, + R;) (Eq. 8.34)

(R,, = Mean radius of the clutch)
However, cone clutches have become obsolete as small cone angles and exposure to dust and dirt tend to

bind the two cones and it becomes difficult to disengage them,

4. Centrifugal Clutch

Centrifugal clutches are being increasingly used in automobiles and machines. A centrifugal ciutch has a
driving member consisting of four sliding blocks (F 1g. 8.17). These blocks are kept in position by means
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»f flat springs ided for th se. As th
of flat springs provided for the purpose. As the Flat spring

speed of the shafl increases, the centrifugal force
on the shoes increases. When the centrifugal force
exceeds the resisting force of the springs. the shoes Guide
move forward and press against the inside of the m
rim and thus the torque is transmitied to the rim. : Rim
In this way, the clutch is engaged only when the
motor gains sufficient speed to take up the load in &
an cffective manner. The outer surfaces of the shoes [ k '%' 7B
are lined with some friction material.
Let

Shoe

m = mass of each shoe
R = inner radius of the pulley rim w
r = distance of centre of mass of each
shoc from the shaft axis
n = number of shoes
¢ = normal speed of the shaft in rad/s y -
@ = Speed at which the shoc maoves ;Fig. 8.1%
forward
i = coeflicient of friction between the shoe and the rim
Centrifugal force exerted by each shoe at the time of engagement with the rim = mref?
This will be cqual to the resisting force of the spring.
Centrifugal force exerted by each shoc at normal speed = mr@’
Net normal force exerted by each shoe on the rim = mrer — mraf?
= mr(e¥ — &)
Frictional force acting tangentiaily on each shoe = umr(e — &°)
Frictional torque acting on each shoe pmr(er — @?).R
Total frictional torque acting = umr(ey — W).Rn (8.40)
If p is the maximum pressure intensity exerted on the shoe then

mrier — ") = p.lb

where /and b are the contact length and width of cach shoe.
Usually, the clearance between the shoe and the rim is very small and is neglected. However, it can be
taken into account if need be,

Example 8.15  The inner and the outer radii P=298.4 % 10° N/m? or 298.4 kN/m?
of a single plate clutch are 40 or  maximum pressure = 298.4 kN/m?
mm and 80 mm respectively. The minimum pressure will be at the outer
Determine  the maximum, radius,
minimum and the average F=2xp,R(R, —R)
pressure when the axial force is 3 kN. 3000 = 27 p, x 0,08 (0.08 — 0.04)
Solution: The maximum pressure will be at the inner p; =149.2 % 10* N/m? or 149.2 kN/m?
radius, or minimum pressure = 149.2 kN/m?
F=27pR(R, = R;) Total normal force
3000 =27 x p, x 0.04 (0.08 — 0.04) The average pressure =

Cross-sectional area
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~ 3000
7(0.08° —0.04%)
=198.9x 10’ N/m? or 198.9 kN/m=

Example 816 A single plate clutch is
required to transmit 8 kW at
1000 rpm. The axial pressure
is limited to 70 kN/m?. The
: mean radius of the plate is
4.5 times the radial width of the friction surface.
If both the sides of the plate are effective and
the coefficient of friction is .25, find the

(i) inner and the outer radii of the plate and the

mean radius
(i} width of the friction lining

Solution:
P=8kW
N = 1000 rpm

R +R:
R, = M‘J-E-—L =45(R, - R)

H=025

or R, +R=%YR,—-R)

or B8R, =10R,;
R,=1.25R,

In case of power transmission through a clutch, it
is safer to use the expressions obtained by uniform
wear theory. In that case maximum pressure is at the
inner radius, i.e., p; = 70 kN/m?

P=Tw
or
2 x 1000

60

B0 =Tx
T=7639N.m

M 7=PE R +Ryxn
2 {n = nomber of surfaces)
= %[ZKp!-Rr-(RU “R)R, + R)x2

=4[22 % 70 X 10° X R.(1.25R, -~ R)](1.25R, + R))

=025x2Xxx X0 x10* x0.5625R;

76.39 = 61 850R]
AR =01073m
R,=125x0.1073=0.1341 m

R,= (R, R)4.5=(0.1341-0.1073)x4.5=0.1207 m

(il) w=R,/A45=0.1207/435
=0.0268 mor 26,8 mm

Example 8.17 A single-plate chutch transmits
25 kW at 900 rom. The
maximim pressure - inrensr'tj’
between the plates is 85 kN/m?. |
The outer diameter of the plate
is 360 mm. Both the sides of the plate are
effective and the coefficient of friction is 0.25.
Determine the

(i) inner diameter of the plate

(i) axial force to engage the cluich

Solution:
P=125kW H=0.25
N=900 rpm R,=0.18m
p; =85 kN/m?
Now, P=Tw
15000 = T x 2E X900
60
T=26526 Nm

@ T=ER,+R) %
(# = number of surfaces)
=L 2P R (R, ~ R)NR, +R) xn

26526 =025x7x 85000 xR,
(018 -R)O.1I8+ R)x2
R, =[(0.18)" — R*]=0.001987

or  0.0324R - R = 0.001987

Solving the equation by trial and error method,
R =0.1315m or 131.5mm

(i) F=22pR (R,~R)xn
=22 x85000x0.1315(0.18 - 0.1315)x 2
=6812N or 6.812kN

Example 8.18 A friction clutch is used io
rotate @ machine from a shaft
rotating at a uniform speed of
250 rpm. The disc-type clutch
has both of its sides effective,

the coefficient of friction being 0.3. The outer and
the inner diameters of the friction plate are 200

mm and 120 mm respectively. Assuming uniform




wear of the clutch, the intensity of pressure is
not to be more than 100 kN/m”. If the moment of
inertia of the rotating parts of the machine is 6.5
keg.n?, determine the time to attain the full speed
by the machine and the energy lost in slipping
of the clutch.

What will be the intensity of pressure if the
condition of uniform pressure of the clutch is
considered? Also, determine the ratio of power

transmitted with uniform wear to ihaf with

uniform pressure.
Soelution:
p; =100 x 10° N/m? R,=0.1m
F=6.5 kg.m? R,=0.06 m
u=03 N=250rpm

n = 2 (both sides effective)
(a) With uniform wear
Force/surface, F=2 xp, R, (R, - R))

=2 % 100% 10° x 0.06(0.1 — 0.06) = 1508 N

T:%{R"+R,-)><n

= 2221% 514 006)x 2

=72.38 N:m
p=Txm:72.38x£’%:1395 W

Also T=la { o is angular acceleration)
7238=635x 0
or o=11.135rad/s’

or E;’-:11.135

21 x 250
———— =11.135
or 60 x ¢

or t=235s

Thus, the full speed is attained by the machine in

2.35 seconds.
(b} During the slipping period
Angle turned by the driving shaft,
8, = i = 2J'rNrz 2 x 250 %235
60 60
=6].5 rad

Angle turned by the driven shaft,

1
6, =, + Earz

(@,=0)

Friction

i
=0+Ex11.135x(2.35)2

=30.75 rad

Energy lost in friction =T (8, — 6;)

= 72.38 x (61.5 - 30.75)

=2226 N.m or 2.226 kN.m
(c) With uniform pressure

F 1508
AR - RY)  #l(0.1) - (0.06)°]
=75 000 N/m? or 75 kN/m?

2 R - R}
T=—pF|—4+—=|xn
3“ {Rczr_Riz}

3 3
=§><0.3x1508[———--———~(0'1) (0.06) ]XZ

(0.1)* — (0.06)°
= 73.89N.m

2r %250

P=7389x =1934 W

Power with uniform wear 1895 -~ 0.08
Power with uniform pressure T1934

ExampIeS 19 A single-plate clutch used
to drive a rotor from the
motor shaft-has the following

A data:
Intema! diameter of the plate =200 mm
External diameter of the plate =240 mm
Spring force pressing the pla!es =600 N
Mass of the rotor =200 kg
Radius of gyration of the rotor =200 mm
Mass of motor armature and shaft =750kg

Radius of gyration of motor and shaft =220 mm
Coefficient of friction =032
Both sides of the plate are effective. The driving
motor is brought to a speed of 1260 rpm and
then suddenly the current is switched off and the

clutch is engaged. Determine the
(i) final speed of the rotor and the motor and
the time lo attain this speed
(i) kinetic energy lost during slipping
(iii} slipping time, if a constant resisting lorque
of 64 N.m exists on the armature shaft
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(iv) slipping time if instead of a resisting
torque, a constant driving forque of 64
N.m exists on the armature shafi

Solution:
' 2N 27 x1260 ,
W= 60 = 50 = 132 rad/s
Moment of inertia of motor, /,,= 750 x (0.22)°
=363 kg.m*
Moment of inertia of rotor, 1, = 1200 x {(0.2¥
=48 kg.m’

Friction torque. 7 = e (R, +R)xn

0.32 X 600
= X 012 40.)x2

=42.24 N.m
(i) Final speed of motor = Final speed of rotor
or W, tal=0tal

T T
of W, —t =@t 7

M . !-r
42,24
or ]32—%t=0+—f
36.3 48
or  20436¢=132
t=64.6s
4224 42,24

1 — —f = X 64-6

Final speed T 48
= 36,85 rad/s

= 56% X 56.85 = 542.9 rpm
(ii) Angle umed by the driving shaft,

6 = wr—% ot
=132 x64.6— l‘ 4224 % 64.6
= 6099 rad 36.3

Angle turned by the rotor, 8= @t + 1 o
1 4224 2

=0+ T
= 1836 rad
Energy lost in friction = T(8, — 8,) =42.24 x
(6099 — 1836) = 180 060 N or 180.06 kN

(iif) Total resisting torque on the armature
=-4224-64=-106.24 N.m

X 64.6°

106.24 42.24
132 - ————1=0+ !

36.3 48
38067 =132

r=347s

{iv) Net resisting torque on the armature
=-~4224+64=21.76 N.m
i.e. it is accelerating torque.

21‘761 42.24I
SO 132+ 363 =0+ 18
(1L2806 =132
1=4705s

Example 820  An engine Is coupled to a
rotating drum by a single disc
Jfriction clutch having both of
its sides lined with friction
material. Axial pressure on the
disc is 1 kN. Inner and outer diameters of the disc
are 280 mm und 360 nun respectively. The engine
develops a constant torgue of 36 N.m and the
inertia of its rotating parts is equivalent to that of
a flywheel of 30-kg mass and a radius of gyration
of 280 mm. The mass and radius of gyration of
the drum are 50 kg and 420 mm respectively and
the torque to overcome the friction is 6 N.m. The
clutch is engaged when the engine speed is 480
rpm and the drum is stationary. Assuming the
coefficient of friction to be 0.3, determine the

(i} duration of slipping

(ii) speed when the clutch slip ceases
(i) total time token for the drum to reach a

speed of 480 rpm
Solution:
F = 1000 N/m? N = 480 rpm
R, =0.18m R=0.14m
H=03 n = 2 (both sides effective)
2rN  2mx 480
W= SRR X, L6 rad/s
60 60

Moment of inertia of engine, 7, = 30 x (0.28)

=2.35kg.m?

Moment of inertia of drum, I, = 50 x (0.42)°

=8.82 kg.m?

. F
Friction torque, 7 = JMT(R’O +RYxn



(i)

(iii)

= 93x1008 144 0.14)x2

=86 N.m
Net resisting torque on the armature =

—96+ 36 =—60 N.m

Net accelerating torque on the drum =
96 - 6=90 N.m
Final speed of engine = Final speed of rotor

or w,+ot=n,+ay
T
or w,— Zr=wd+ a!‘
90
lem — %t=0+ g}ﬁf
35714 ¢=16m
1=1407s

The speed when the slip ceases =

90
—— % 1.407 = 14.357 rad/s
8.82

60
or 51-'5- %X 14.357=137.1 rpm.

After the slipping ceases,

Net accelerating torque on the engine and
the drum =36 -6 =30 N.m

Net moment of inertia of the engine and the
drum =2.35 + 8.82 = 11.17 kg.m?

Now, final speed = initial speed + acceleration
X time

tér =14.357+

!
11.17

2.6851=35908
r=1337s

*. total time taken=1.41 +13.37=14.78 s

Example 8.21

If the capacity of a single-
Plate clutch decreases by 13 %
during the initial wear period,
" determine  the  minimum
value of the ratio of internal

Friction 4

diameter to external diameter for the same axial
load. Consider both the sides of the clutch plate
to be effective. '

Solution:

A new clutch has a uniform pressure

distribution, but after the initial wear the clutch
exhibits the characteristics of uniform wear. Capacity
of a clutch means the maximum torque transmitted.
Thus, according to the given condition,

or

Foesr =087 T

WeAr pressure

%(RO+R,-)><H

SR}
=087 x %,uFl:R" K an

o~ R

(R,+ R) =116 [Rj oy ]
(R, + R)(R; —R})=1.16 (R - R})
(R, *R)}(R,+R)(R,~R)

=1.16 (R,—R) (RZ+ R,R, + R?)
(R,+RY =116 (R +R,R, + R})
(R +2R,R,+R})=1.16 (R + R,R, + R})
0.16 RZ +0.16R* ~0.84 R R, =0
Dividing throughout by 0,16 Rf )

+ & 2 5.25 ﬁ =0
1 R -5, R, =
2
R R;
or [—’) --5.25 [—}H =0
R, R,

Taking

=r

LTS

-525r+1=0

5.25++/5.25% - 4
r= —m
2
_ 5.25+4.854

2
Positive value is not possible as ratio » cannot

be more than 1.

‘?\J

or

5.25-4.854
pe= "1 20,198
2
R"—01 g
or R =u,
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Example 8.22 A muiti-plate. divc: . clwich
transmits 35 kW of power
at 1800 “rpai. . Coefficient
of ﬁ-wnon for the friction
surfaces is 0.1. Axigl intensity
ofpram:re is not to e.tceed 166 kN}mJ 'Hle

external radius. Find the mﬁgq’g«lam '
needed o transmiit the required torgme. -~ © .

Solution:
=160 x 10* N/'m?* R,=0.08m
. 0.08
;{—0.1 R0—07—0.1143m
N=1800 rpm
P=55kW
Assummg uniform wear condmons,
=2xpr;(R,— R)
=2ax 160 x 10° x 0.08 (0.1143 - 0.08)
=2759N

T:%,uF(RO+R,-}

- Ji X 0.1% 2759 % (0,1143 + 0.08)

= 26.78 N.m/surface
Total torque transmitted
P 55000
—E)' = ZJTX—1806 =201.8 N.m
60
291.8

Number of friction surfaces required = 2678

=10.9 or 11 surfaces

In all, there will he 12 plates. 6 plates (rings)

revolve with the driving or engine shaft and the
other 6 with the driven shaft.

Example 823 A multi-plate disc clutch
transmits 30 kW of power at
1800 rpm. It has four discs
on the driving shaft and three
discs on the driven shaft
providing six pairs of contact surfaces. The
external and internal diameters of the contact
surfaces are 200 mm and 100 mm respectively.

* Assuming the cluich to be new, find the total
spring - load “pressing the plates together.
- Caefficient of friction is 0.3.
‘Also, determine the maximum power transmitted
when the contact surfaces have worn away by
0.4 wem. There are 8 springs and the stiffness of
each spring ix 15 kN/m.

Selution
_ 27 x1800
60

A new clutch has a uniform pressure distribution,
but afler the initial wear the clutch exhibits the
characteristics of uniform wear.

P=Twor 30000 = Tx60mor 7= 159.15 N.m

Thus, torque transmitted by new clutch

3 37
2 BoR,
3 ROR

2 100° - 50°
= —x0.3F — = _Ix6
or 15915 3 lloﬂz_soz]

or F=1137N

When the surfaces are worn oul

Comntact surfaces = number of pairs of contact X
2=6x2=12

Total wear = number of surfaces x wear of each
surface = 12 x 0.4 =4.8 mm

Stiffness of each spring = 15 kN/m = 15 N/mm

Total stiffness of springs = stiffngss X number of
springs = 15 8 = 120 N/mm

.. reduction in spring force = 120 x 48 =576 N

New axial load = 1137 - 576 = 561 N

= 60r rad/s

T:%,uF{R” +Ri-).n:%x0.3x56lx

(100 + 50y x 6= 75 735 N.mm = 75.735 N.m

Maximum power transmitied = 75.735 x 60x
=14276 W= 14276 kW

Example 824 A torque of 350 Nm is
transmitted  through  a
core clutch having a mean
diameter of 300 mm and a
semi-cone angle of 15° The
maximum normal pressure af the mean radius
is 150 kN/m’. The coefficient of friction is 0.3.




Calculate the width of the contact surface. Also,
Jind the axial force to engage the clutch.

Solution:

T=350 N.m R,=0.15m

P, = 150 kN/m? =03

o =15°
350=03xF,x0.15
F,=7778N

and
F.=2rp, R.b

7778=2nX 150X 10°%x 0.15x b
b =0.055 m or 55 mm
Axial force, F=F, sin @ =7 778 sin 15°
=20124N

Example 825 The semi-cone angle of a
cone clutch is 12.5° and the
contact surfaces have a mean
Seogef's diameter of 80 mm. Coefficient
of friction is 0.32. What is the
minimum torque regtiired to produce slipping
of the clutch for an axial force of 200 N?
If the clutch is used to connect an electric
motor with a stationary flywheel, determine
the time needed to attain the full speed and the
energy lost during slipping. Motor speed is 900
rpm and the moment of inertia of the flywheel is
0.4 kg.m’.

Solution:
R, =0.04m =032
F=200N o =12.5°
N =900 rpm I=04kgm?
T=Igo, (¢, = angular acceleration)
or . ‘Rm = I'f‘ru
sin @ 200
or 0.32x- x0.04 = 0.4e,
sin12.5°

o, = 29.57 rad/s?
and T =04x2957

= 11.828 N.m
oo 2-2957
f
or  2EXI0_ 5557
607

. L
Friction ﬁ

tr=3.187s
During slipping period
Angle turned by driving shaft,

0, = or = X200 3 187 - 300.4 rad

1
Angle turned by driven shaft, &, = @,/ + 3 o’
=0+ é— X 29.57x (3.187)* = 150.2 rad

Energy lost in friction = 7 (8, - 8 ,)
= 11.828 (300.4 - 150.2) = 1776.5 N.m
Alternatively,
energy supplied = T x time

"
11828 % 2ZX900 5 187 = 3553 Num
Energy of flywheel
2
Lo 27 % 900
L :—x0.4x[~£x—] =1776.5 N.m
2 2 0

Energy lost = 3553 — 1776.5=1776.5 N.m

Example 826 A cone cluich with a semi-
cone angle of 15° transmits
10 kW at 600 rpm. The normal
pressitre intensity between the
surfaces in contact is not (o
exceed 100 kN/m’. The width of the friction
surfaces is half of the mean diameter. Assume
i = 0.25. Determine the
(i) outer and inner diameters of the plate
(il) width of the cone face
(iii) axial force to engage the cluich,

Selution:
P=10kW p =100 kN/m?
N =600 rpm n=025
o =15° b= d_m = Rm
2
(i) b=R,

ar

Ro. ~ Ri’ = RO + Rj [rcfer Flg 8. 16]
sin o 2

or )

Rn - Rr' = Slnzls (Rn + R!)

=0.129R, +0.129R,
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or K,=1296R,
Now,
P=T w
10000 = T 2r x 600
60
T=159Nm

Intensity of pressure is maximum at the inner radius
(uniform wear thcory).

o HE,

(R, +R)

e
= R +R
25ina'( o R

= _DapR(R, - R)R, +R)
25

'unpf R!(Rn’-f - Raz)

sin o
_ 0252 x100x10°
s§in15°

025z x100x10°

- sin]5°

R;=0.0917m or 921.7mm

R,=917x1.296=118.8 mm

_R-R _1188-917 145

sing sinl5°

(i) Axial force, F=2 zpR; (R,~ R}
=2Zrx100x10°x0.0917 (0.1188 - 0.0917)
=1561N

159 R[(1.296R, )" — R?]

% 0.6796R}

(i) p m

Example 8.27 A centrifugal clutch transmits
20 kW of power at 750 rpm.
The engagement of the cluich
commences at 70 per cent of
the running speed. The inside
diameter of the drum is 200 mm and the
distance of the centre of mass of each shoe is
40 mm from the contact surface. Determine the
(i} mass of each shoe
(i} net force exerted by each shoe on the drum
surface
{iii) power transmitted when the shoe is worn
2 mm and is not readjusted
Assume U to be 0.25 and stiffness of the spring
150 kN/m.

Solution:
P=20kW R=02m
N=730rmpm r=02-0.04=0.16 mm
w= 025
2rx 750

(i} w= &0 78.5 rad/s
af = (.7 x78.5 = 55 rad/s
P=Tw
20000 =Tx 78.5
T=2548 N.m

Total frictional torque acting
= pmr (@ — &f?).Rn
254.8=0.25xmx0.16(78.52-55%) x 0.2 x 4
= 1004 X m
m=2538kg
(ii) Net force exerted by each shoe on the drum
surface
= mefor - )
=2.538x0.16 (78.52 — 552)
=1274 N
(iii} Spring force exerted by each spring
=2538x0.16 x552= 12284 N
When the shoe wears 2 mm, each shoe has to
move forward by 2 mm. This increases the distance
of the centre of mass of the shoe from 160 mm to
162 mm. Also, the spring force s increased due to
its additional displacement of 2 mm.
Additional spring force = Stiffness x Displacement
=150 x 10° % 0.002
=300N
Total spring force = 1228.4 + 300 = 15284 N
Net force exerted by each shoe on the drum
surface
= mrof ~1528.4
=2.538 x 0.162 x 78.5% — 1528.4
=10052 N
Total frictional torque acting = yF R.n
F=025x10052x%x02x4
=201.04 N.m
P=Tuo
= 201.04 x 78.5
=15782Wor 15782 kW



Friction 28§

' $10 ROLLING FRICTION

When a ball rolls over a flat surface, the contact is theoretically at a point.
Simitarly, when a cylinder rolls over the surface, the contact is along a line
paralle! to the axis. However, the ball or the cylinder possesses weight and
due to the pressure of the same, deformation of the flat surface or of the
rolling body or of both takes place. The amount of deformation will depend
upon the elasticity of the materials in contact and the pressure. With harder
surfaces. the deformation is extremely small. The deformation causcs the
two surfaces to have area of contact rather than point or line contact.

Figure 8.18 shows a hall rolling on a flat surface. The ball is assumed to Flg 818"
be made of a very hard material so that its deformation is negligible. The . ‘
material of the dented surface is stretched at the place of contact as the curved length AB is greater than the
flat length 4B.

Now, if the ball is to roll to the right, the material of the flat surfuce must be stretched to accommodate
the curved surface of the ball. The stretching matenal slides against the surface of the ball which causes
frictional resistance. The frictional resistance also occurs when the material left behind again contracts and
slides against the surface of the ball. This friction is known as rolling friction.

811 ANTI-FRICTION BEARINGS

Ordinarily, if a shaft revolves in a bearing, it has a

sliding motion. But if balls or rollers are used between . Quter race
the shaft and the journal as shown in Figs 8.19 and 8.20

then rolling occurs between the journal and the rollers  |ne, }@

as well as between the rollers and the shaft. Usually, the race
balls or rollers are made of hardened materials such as
chromium steel or chrome--nickel steel.

1. Ball Bearings
. . Cage —
A ball bearing consists of a number of hardened balls

mounted between two hardened races. The inner race -
! Outer race 15 fitted to the Fig. 8.19:
/777/ Roller shaft and the
outer race is a tight fit into the bearing housing. Thus, there is no
— - Innerrace  relative movement between the shatt and the inner race, and the outer
\A Y/ race and the housing. There are shallow grooves in the races having
a slight larger radius than that of the balis to accommodate the balls.
A light brass cage keeps the balls at a fixed distance from one another
(Fig. 8.19).
! Since the balls as well as the races are very hard, distortion of each
is little and the rolling friction is very low.
The friction of ball bearings 1s slightly higher when lubricated than
/Fig. 8.20¢ when dry. However, a small amount of lubricant is useful to prevent
B rust formation.

Bali

Cage ~

ik

A
14
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2. Roller Bearings

These are similar to bail bearings where the bails are replaced by hardened cylindrical rollers. These bearings
can carry heavier loads.

Figure 8.20 shows a radial roller bearing. This type of bearing will carry only the radial loads or loads
perpendicular to the shaft axis. The outer race is plain whereas the inner race has a groove to accommodate
the rollers. A cage keeps the rollers at a uniform distance apart,

When the rollers are small and used without a cage, they are known as needles. Such bearings are used to
carry heavy loads.

Roiler bearings are not used for misaligned shafts.

If two metallic surfaces are wetted with a small amount of lubricant, a very thin film of the same is formed
on each of the surfaces. This thin film is of molecular thickness. It adheres to the surface and is known as
adsorbed film. It has been found that when the two surfaces are placed in contact, the coeflicient of friction
between them is considerably reduced compared with when the surfaces are dry and unlubricated.

The property of a lubricant to form a layer of molecular thickness (adsorbed film) on a metallic surface
is known as its oifiness. If two lubricants of equal viscosity are used to lubricate two metallic surfaces under
identical conditions, it is found that one reduces the friction more than the other and is said to have greater
oiliness.

The friction of two surfaces, when they are wetted with an extreme thin layer of lubricant and metal-to-
metal contact can take place between high spots, is known as greasy friction or boundary friction.

The laws governing greasy friction are similar to those for solid or dry friction.

REASY FRICTION AT A JOURNAL

Greasy or boundary friction cccurs in heavily loaded, slow-running bearings. In this type of friction, the
frictional force is assumed to be proportional to the normai reaction.

When a shaft rests in the bearing [Fig. 8.21(a}],
its weight W acts through its centre of gravity. w
The reaction of the bearing acts in line with W in
the vertically upward direction. The shaft rests at
the bettom of the bearing at 4 and metal to metal
contact exists between the two.

When a torque is applied to the shaft, it rotates
and the seat of pressure creeps or climbs up the
bearing in a direction opposite to that of rotation.
Metal-to-metal condition still exists and greasy
friction criterion applies as the oil film will be of
molecular thickness. The common normal at B
between the two surfaces in contact passes through
the centre of the shaft.

Let R, = normal (radial) reaction at B
HR, = friction force, tangential to the shaft




Friction *

The normal reaction and the friction force can be combined into a resultant reaction R inclined at an angle
¢to R, [Fig. 8.21(b)].

Now the shaft is in equilibrium under the following forces:

(i) weight W, acting vertically downwards, and

(ii) reaction R,

For equilibrium, R must act vertically upwards and must be equal to W. However, the two forces W and
R will be parallel and constitute a couple. '

Let OC = Perpendicular to R from

. ocC
Friction couple (torque) = W x OC = Wr sin ¢ ( SN = T)
= Wrtan @ {as g is small)
= HWr i (f=tan @)

This couple must be equal and opposite to the couple or torque producing motion.

A circle drawn with OC (or r sing = r tan ¢ = rt) as radius is known as the friction circle of the journal.

Thus, the effect of friction is equivalent to displacing the reaction through a distance equal to » sin @ or
such that it is tangential to the friction circle.

14 FRICTION AXIS OF A LINK

In a pin-jointed mechanism, usually, it is assumed that the resulting thrusts (axial forces) in links act along the
longitudinal axes of the links. But as the laws of dry friction are similar to those of greasy friction, the friction
at pin-joint acts in the same way as that for a journal (rotating shaft) revolving in a bearing. In a journal
bearing, the resultant force on a journal is tangential to the friction circle. Similarly, in pin-jointed links, the
line of thrust on a link is tangential to the friction circles at the pin-joints, The net effect of all this is to shift
the axis along which the thrust acts. The new axis is knows as the friction axis of the link.

1. Slider-crank Mechanism

Figure 8.22(a) shows a slider-crank
mechanism in which F is the thrust on the
slider, If the effect of friction is neglected,
the force F will induce a thrust F, in the
connecting rod aleng its axis. However,
due to friction, the friction axis will be
along a tangent to the friction circles at the {a)
joints 4 and B.
Let r,=radius of pin at 4
r, =radius of pin at B
U, = coeffictent of friction at 4 !
U, = coefficient of friction at B \
Therefore, the radius of friction circle - - = P T ~F
atd =pr, L X T B
The radius of friction circle at 8 = y,r, L
(exactly the two radii will be r,sin ¢, 4’ {
and rysin @,) A (®)
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Now, there are four possible ways of
drawing a tangent to these circles. To
decide about the right one, remember
that a friction couplc is opposite to the
couple or torque producing the motion of
a link. Thus, while drawing a tangent to a
friction circle, see that the {riction couple
or torque so obtained is opposite to the
direction of rotation of the link. Thus, the
position of right tangent depends upon
the

1. directions of the external forces
on the link, and

2. direction of the motion of the link T
relative to the link to which it is
connected.

Owing to the force F on the piston.
compressive forces are developed in the . N
connecting rod and the crank rotates in {¥ig. 8.2%
the counter-clockwise direction. At the
end B, the angle OBA 1s increasing and
Thus, the rod rotates clockwise relative to the piston. Therefore. the tangent at B must be on the upper side of
the friction circle to give a counter-clockwise friction couple. At the end A, the angle Q48 is decreasing and
thus, the rod rotates clockwise relative 1o the crank. Therefore, the tangent at A must be on the lower side of
the friction circle to give a counter-clockwise friction couple. The friction axis will be the common tangent to
the two friction circles, on the upper side of the circle at 8 and on the lower side of the circle at A.

Figure 8.22(a) also shows one more position of the crank in the dotted lines. The direction of F as well as that
of the thrust in the connecting rod is the same as before. However, now the angle OB’A” at 8’ is decreasing.
thus, the rod rotates in the counter-clockwise direction relative to the piston and the tangent is on the lower
side of the friction circle to give a clockwise friction couple. The tangent at end A” will be as before.

For the positions of the crank shown in Fig. 8.22(b), the direction of F has changed and the rod becomes
in tension. The angle OB’A” at B increases and thus, the rod rotates in the counter clockwise direction. The
tangent, therefore, is on the upper side of the circle. A1 4" the angle O4’B’ also increases and the rod rotates
clockwise relative to the crank. The tangent is on the upper side of the circle to give a counter-clockwise
friction couple. In the same way, the tangent can be drawn for the position G4 of the crank.

In case a torque T turns the crank counter-clockwise and a load F is applied to the piston, then the rod will
be in tension instead of compression for the positions of Fig. 8.22(a). For the first position of the crank, the
tangent at .4 will be on the upper side and at B on the lower side.

Another method to know the friction axis out of the four possible tangents is to select the one that gives
the least intercept from O on a vertical through O such as @D if F is the driving force. In case T is the driving
torque al the crank, the intercept would be maximum.

A (d)

Reaction at Crankshaft Bearing (Fig. 8.22¢). The crank OA is acted upen by two equal and opposite
forces at its two ends O and A forming a couple and a torque. A force equal and opposite to that in the
connecting rod acts at the crank end A, the opposite of which acts at end . As the crankshaft rotates in the
counter-clockwise direction. the tangent is on the upper side of the friction circle to give a clockwise friction
couple at end O.
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The turning moment of the crankshaft = ¥ x D'E
where IV'E ts drawn perpendicular to the friction axis.

Dead-angle and Dead-cenire Positions During rotation, when the crank is near the inner dead centre,
a position is obtained where the reaction at the crankshaft bearing and the friction axis of the connecting rod
become in the same straight line [Fig. 8.22(d)]. These positions of the crank have been shown as 0.4, and 04,
and are known as dead-centre positions. In these positions, the length D'E is zero and, therefore, the turning
moment or the torque transmitted is zero.

The angle 4,04, is known as the dead ungle. A corresponding dead angle at the outer dead-centre position
of the crank can also be found in the same way.

2. Four-bar Mechanism

Consider a four-bar mechanism shown in Fig. 8.23. Let the rotation
of the driving link A8 be clockwise. [n the absence of friction,
the driving torque induces compressive axial force in the coupler
along its axis BC. When friction is considered, it is tangential to the
friction circles at B and C.

The angle ABC at B is increasing. Thus, the coupler rotates in the
counter-clockwise direction relative to AB. Therefore, the tangent at
B is on the upper side of the circle to give a clockwise friction couple.
Similarly at C, the angle BCD is decreasing. Thus, BC rotates in the
counter-clockwise direction relative to CD. The tangent at C will be on the lower side of the circle so that the
resulting friction couple is clockwise. Similarly. the friction axis for the links A8 and DC can be drawn.

"Fig. 8.23.

Example 8.28  The length of crank of a slider- F L p
crank mechanism is 300 mm nFcosf=F or F o= = 4
and of the connecting rod is cosf cosf
1.25 m. The diameters of the Thus 7 - [ z dzp} « 04 S8+ B)

Journals at the crosshead, 4 cos B

crankpin and the crankshaft are 80 mm, 120 mm R

and 140 mm respectively. The steam pressure on 9+ 8

the piston is 450 kN/n? which has a diameter of 250 C.la k F s —

mm, Coefficient of friction between the crosshead / ¢ g Fe

and the guides is 0.07 and for journals, it is 0.05. i e Fe wesees

Find the reduction in the turning moment
available at the cranishaft due io friction of the
crosshead guides and the journals when the crank
has rotated 50° from the inner-dead centre.

Solution: Refer to Fig. 8.24(a}.

AB=125m 8= 50°
O04=03m p =450 kN/m?
d =250 mm

Neglecting Friction
T=F.x0C=F,x0Asin(8+ )
Piston at B is in equilibrium under the forces. F,
F, and R (reaction of guides).
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Bis givenby =0.3cos50°+ 1.25cos 10.6°=1.4215m
B = sin” ﬁ) — sin” (OA sin 9] Inclination of the friction axis with OB,
+
AB a:ﬁ—w:ﬁ—sin'[r“ r"’)
~ .n_[0.3sin 50"] AB
- . . _{0.003+0.002
1.25 =1(}.6°—5m_[0003 0.0 )
=sin" (0.1839) = 10.6" 10.6° _ 0.23° 1.25
H 4] +1 .60 = B -0,
T=[%(0.25}2 x450x10-‘]x0.3x3‘5m—%——) =1037°
cos10.6 The piston at B is in equilibrium under the action
i ° of forces F, F/ and R’.
— 22089 % 03x 2090 5493 5 Nm e
cos10.6° p=tan_ 0.07=4"
Friction Considered Refer to Fig. 8.24(b). F’ F
. . . ¢ =
Radius ef friction circle at O (crznlk:haﬂ), Sn(00° + ) sin(90° + & — @)
. .. . . or Pl =
Radius of friction circle at A (crankpin), sin (90° +10.37% - 4%)
012 X=OBSiIlO‘.'+F'b—-F‘U
7y = 005x——=0003m = 1.4215 sin 10.37° + 0.002 - 0.0035
Radius of friction circle at 8 {crosshead), =0.2544m
0.08 T'=F xx=22172x0}2544 = 5640.6 N.m

=005x—=0002m
ik 2 Reduction in the torque available = T— T”

OB=0A cos 8+ ABcos =58735-56406=2329N.m

. FILM FRICTION

In case of boundary or greasy friction, a very thin layer of molecular dimensions covers the two surfaces. The
friction between the two surfaces acts in the same way as for dry surfaces and the laws are similar except that
the friction force is greatly reduced in magnitude.

The friction resistance of two metallic surfaces can be reduced still further if a film of sufficient thickness
is introduced in between the two to scparate them completely. Now, an extremely thin layer adheres to each
of the surfaces and moves with that, Thus, the motion will be due to shearing of the layers of the lubricant
rather than due to contact of metallic surfaces. As the sliding or shearing of fluids depends upon the viscosity
of the fluid, the friction force will also be depending upon that.

If it is considered that out of the two surfaces, one is at rest then the film of lubricant in contact with the
stationary surface will remain at rest and that in contact with the moving surface will move with it. The
different layers between the two may be considered to be moving with a speed proportional to its distance
from the surface at rest. Thus, the force of friction would be the force necessary to slide these adjacent layers
over one another.

For a journal rotating in a bearing under the film lubrication conditions, the frictional resistance 1s found
to be

{(a) propertional to the area

{b) proportional to the viscosity of the lubricant

(c) proportional to the speed

(d} indcpendent of the pressure

(e) independent of the materials of the journal and the bearing
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The first experiments on film lubrication were .
carried by Beauchamp Tower in 1883. However,
it was Osborne Reynolds who demonstrated that
to maintain a film between two surfaces, it is
necessary that they are slightly inclined to cach
other such that a wedge-of lubricant is formed
between them.

Under greasy friction, in slow running and
heavily loaded shafts, the seat of pressure climbs
up the bearing in a direction opposite to that of (@ )
rotation of the shaft and the condition is maintained. e -
However, if the speed is further increased, a film of ;_-,fug. 8'2%
oil adheres to the surface of the journal which also
rotates and becomes of sufficient thickness to lift the journal. The pressure of the oi
rises to support the load.

It is observed that under stable conditions, the journal takes up a new position as shown in Fig. 8.25(a).
Two wedges of oil are formed on each side of 4, the point of minimum thickness of oil. The point 4 is also
referred as the point of nearest approach. The pressure of the oil in the wedge varies from zero at the point
of entrance of the oil to a maximum at a point somewhere near 4. On the down side of A, the pressure falls
to zero before reaching the point of free discharge.

The pressure built up in the oil, due to decrease in area as il approaches the point A, is enough to bear
the load of the bearing and separate the two metallic surfaces. The laws of viscous friction apply in this
condition,

A plot of graph between the coefficient of friction and the speed [Fig. 8.25(b)] shows that at low speeds
the coefficient of friction falls rapidly as the speed increases: This is because more oil is fed between the
surfaces lowering the coefficient of friction. From 4 to B, the conditions vary from greasy friction at A to film
friction at B where a complete oil film is framed. As the speed 13 further increased, the resistance of the oil
film increases, increasing the coefficient of friction.

For clockwise rotation of the shaft, the position of its axis shifts towards right in the range of greasy
friction and towards left in that of film friction [Figs 8.21(a) and 8.25(a}].

The above discussion may lead to the conclusion that it is possibie to have no wear of the two metaliic
surfaces if film lubrication is adopted. However, in practicc, some wear does take place even under the most
favourable conditions, The most apparent cause is the failure of the oil film during the starting and stopping
of the shaft, when the conditions resemble that of greasy friction. and metal-to-metal contact exists. Metal
particles of extremely small size are produced through wear which then float in the lubricant. With time, the
number of these particles increases which tends to cause further wear. Moreover, the small particles of solid
matter tend to destroy the formation of the viscous oil film. Thus, in actual practice, the working conditions
are of a combination of fitm and greasy lubrication, However, by fitting an oil filter to remove the small
particles of solid matter may increase the life of a bearing. Otherwise, the abrasive action will increase the
wear, increasing the clearances resulting in insufficient pressure rise to lift the bearing surfaces apart. Thus,
the bearing may fail eventually.

B

1 beneath the journal also

816 MITCHELL THRUST BEARING

In the previous atticle, it has been stated that to maintain a film of lubricant between two surfaces, they
should be slightly inclined to each other. In a journal bearing, this is achieved by allowing a slight difference
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in diameters of the journal and the bearing,
For flat surfaces, the same purpose is served
if one surface has some degree of freedom
so that it may become slightly inclined

[Fig. 8.26(a)]. bt sl

To bear axial forces (thrusts) in shafts, ——— Tiited pad
usually, a number of collars, working under
dry friction conditions have to be used
{Sec 8.7). In a Mitchell thrust bearing, the
condition of film friction, instead of dry
friction, is achieved and only one collar is
used which considerably reduces the length
of bearing by increasing the allowable
pressure. Thus, this type of bearing is useful in transmitting very heavy thrusts, e.g., the thrust of a ship’s
propeller to the hull.

A Mitchell thrust bearing consists of a series of metallic pads arranged around a rotating collar fixed to the
shaft [Fig. 8.26(b)]. Each pad is held by the housing of the bearing. Thus, the pad is prevented from rotation
but is able to tilt about its stepped edge. When the thrust is transmitted to the pads they can tilt slightly on the
edges. The oil carried by the moving collar is dragged around the pad. Thus, an oil film of wedge shape is
formed and a considerable pressure is built up to carry the axial load.

The number of pads can be from four to six depending upon the total thrust.

Motion

Bearing

g 8.2

Summary

. When a body slides over another, the motion
is resisted by a force cailed the force of friction.
The force arises from the fact that the surfaces,
though planed and made smooth, have ridges
and depressions that interlock and the relative
movement is resisted.

. In case of lathe slides, journal bearings, etc., where

shearing of different layers of the lubricant. Thisis
known as film friction or viscous friction.

The force of solid friction is directly proportional
to normal reaction between the two surfaces,
opposes the motion, depends upen the materials
of the two surfaces and is independent of the area
of contact and the velocity of sliding.

the power transmitted is reduced due to friction, 8. The maximum value of the angle of inclination of
the friction has to be decreased by the use of a plane with the horizontal when the body starts
lubricated surfaces, sliding of its own is known as the angle of repose or
- In processes, where the power is transmitted limiting angle of friction.
through friction, attempts are made ta increase 9. When a body slides up the plane,
it to transmit more power. Examples are friction _ ot +8)—cot@
clutches, belt drives, tightening of a nut and bolt, T cote—cotd
etc. If the direction of the applied force is horizontal,
. Dry friction is said to occur when there is relative tana
motion between two completely unlubricated - tan(e + @)
surfaces. It is furkher divided into two types: solid 10. When the body moves down the plane,
friction and rolling friction. cotew — cotf

- When the two surfaces in contact have a minute
thin layer of lubricant between them, it is known
as skin/ greasy/ boundary friction.

N cotip — «) + cot@

If the direction of the applied force is harizontat,

- When the two surfaces in contact are completely n= tan{g — a}
tang

separated by a lubricant, friction occurs due to the
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20.

The reversal of the nut is avoided if the efficiency
of the thread is less than 5o%
A wedge is used to raise loads like a screw jack.
Efficiency of a wedge
- cosg’ tana o cos{a + @+ 97)
sin(er + 207) cosQ

tang
tan{o + 2¢)
A collar bearing or simply a collar is provided at any

ifo=¢, n=

23.
position along the shaft and bears the axial lead on 3
a mating surface.

When the axial load is taken by the end of the shaft

which is inserted in a recess to bear the thrust, it 24,
is called a pivot bearing or simply a pivot. It is also

known as footstep bearing. 2c.
In uniform pressure theary, pressure is assumed to

be uniform over the surface area.

For uniform wear over an area, the intensity of 26.
pressure varies inversely proportional to the
elementary areas and the product of the normat 27.
pressure and the corresponding radius is constant.

Pressure intensity p at a radius r of the collar, 28,
p= F 9.

28r{R, - R)
For flat collars, friction torque is
3 _p3
= w with uniform pressure theory
3R, ~ R} 30.
4 (R +R]) with uniform wear theory
2

For conical coilars, friction torque is increased by
1fsin ¢ times from that for flat collars.

Expressions for torque in case of pivats can directly
Exercises

What is friction? Is it a blessing or curse? Justify

your answer giving examples.

What are various kinds of friction? Discuss each in 7.

brief.

What are the laws of solid dry friction?

Define the terms coefficient of friction and limiting 8.
angle of friction,

Deduce an expression for the efficiency of an 9.
inclined plane when a body moves
(i) up aplane
tii) down a plane
Find expression for the screw efficiency of a 10.

21.

22.

Friction 2@

be obtained from the expressions for collars by
inserting the values R;=oand R, = R.

To be on safer side, friction torgue in clutches is
calculated on the basis of uniform wear theory
and in bearings on the basis of uniform pressure
theory.

A clutch is a device used to transmit the rotary
motion of one shaft to another when desired. The
axes of the two shafts are coincident.

In a multi-plate clutch, the number of fricticnal
linings and the metal plates is increased which
increases the capacity of the dutch to transmit
torque.

Ball and roller bearings are known as anti-friction
bearings.

The property of a lubricant to form a layer of
molecular thickness (adsorbed film) on a metallic
surface is known as its oiliness.

Greasy or boundary friction occurs in heavily
loaded, siow-running bearings.

A circle drawn with gr as radius is known as the
friction circle of the journal.

Friction couple (torque) = Wru

During rotation, the positions of the crank where
the reaction at the crankshaft bearing and the
friction axis of the connecting rod become aligned
in the same straight line are known as dead centre
pPOSitions.

For a journal rotating in a bearing under the film
lubrication conditions, the frictional resistance
is proportional to the area, the viscosity of the
lubricant, the speed and is independent of the
pressure and the materials of the journal and the
bearing.

square thread. Also, determine the condition for
maximum efficiency.

Show that the reversal of the nut is avoided if
the efficiency of square thread is less than 50%
{approximately).

What is a wedge? Deduce an expression for its
efficiency.

What are uniform pressure and uniform wear
theories? Deduce expressions for the friction
torque considering both the theories for a flat
collar.

In what way are the expressions for the friction
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11.

12,

13.

14.

15.

16,
17.

18.

ig.

20.
21,
22.

23.

24

25.

torque of a conical collar changed from that for
a flat collar? In what way are they modified for
pivots.
Do you recommend the uniform pressure theory
or uniform wear theory for the friction torque of a
bearing? Explain.
What is a clutch? Make a sketch of a single-plate
clutch and describe its working.
Explain the working of a multi-plate clutch with
the help of a neat sketch,
Though cone clutches provide high frictional
torque, yet they have become obsoiete. Why?
Find a relation for the frictional torque acting on a
centrifugal clutch.
Write a short note on anti-friction bearings.
Explain the terms adsorbed film and oifiness in case
of greasy friction,
Explain the terms friction circte, friction couple and
friction axis,
How is the correct tangent to the friction circle for
correct friction axis of a slider-crank mechanism
decided when the friction at the journals is
considered?
What do you mean by film friction? State its laws.
Describe the working of a Mitchell thrust bearing.
A body on a rough horizontal surface requires a
force of 240 N inclined at 25° just to pull it and 28¢
N just to push it at the same angle. Determine the
weight of the body and the coefficient of friction,
{1825 N, 0.126)
A force of 2 4 kN parallel to the plane surface is
required to just mave a body up an inclined plane,
the angle of inclination being 8°. When the angle
ofinclination is increased to 12°, the force required
increases to 3 kN. Determine the weight of the
body and the coefficient of friction.
(8.935 kW, 0.1307)
A power screw driven by an electric motor moves
anutin a horizental plane when a force of 8o kN at
a speed of 6 mmy/s is applied. The screw is of single
thread of 8-mm pitch and 48-mm major diameter.
Determine the power of the motor if the coefficient
of friction at the screw threads is 0.1.
(1316.6 W)
Two wagons are coupled by using a turn buckle
with right and left-hand singie start threads. The
mean diameter and the thread pitch are 48 mm
and 10 mm respectively. The coefficient of friction
between the screw and the nut is 0.14. Determine
the work done in drawing the two wagons closer
through a distance of 220 mm against a steady

26.

27.

28,

29.

30.

load of 3 kN. Also, find the additional work done if
the load is increased to 8 kN over a distance of 300
mim.
(1884 N.m, 3139.5 N.m}
Aload of 12 kN is to be raised by means of a hand
wheel with 3 threaded boss to act as a nut. The
vertical screw is of single start square threads
of 4o0-mm mean diameter and 10 mm pitch. The
mean diameter of the bearing surface of the boss is
8o mm. The tangential force applied by each hand
to the wheel is 120 N. If the coefficient of friction
for the screw is 0.14 and for the bearing surface,
it is 0.16, determine the suitable diameter of the
hand wheel.
{1.084 m}
A screw jack is used to raise a load of 5 tonnes (1
tonne = g.81 kN). The pitch of single-start square
threads used for the screw is 24 mm. The mean
diameter is 72 mm. Determine the force to be
applied at the end of 1.2 m long handle when the
load is lifted with constant velocity and rotate with
the spindle. Take g1 = 0.2, Also find the mechanical
efficiency of the jack.
(552.2 N; 33.9%)
Find the load that can be lifted by applying a force
of 220 N at the end of a s00-mm long lever of screw
jack using single-start square threads. The load
does not rotate with the spindle and is carried on a
swive| head having a bearing of 100 mm diameter.
The pitch of the threads is 10 mm and the root
diameter is 5o mm. Coefficient of friction between
nut and thread is 0.18 and between spindle and
swivel head is 0.15.
Find also the efficiency of the jack,
{7.8 kN; 11.29%)
Determine the mechanical efficiency of a
wedge used to raise loads if the angle of wedge is
20° and the coefficient of friction is 0.2 between
the frame and the wedge and 0.15 between the
slider and the guide. The height of the guide is 120
mm and its lower end is 45 mm above the lower
peint of the axis of the slider which has a width of
SO mim. {38%)
The shaft of a collar thrust bearing rotates at 200
rpm and carries an end thrust of 16 tonnes. The
outer and the inner diameters of the bearing are
480 mm and 280 mm respectively. If the power
lost in friction is not to exceed 8 kW, determine
the coefficient of friction of the lubricant of the
bearing.
(c.02)
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32.

33

3.

35.

A shaft carrying a load of 12 tonnres and running
at 120 rpm has a number of collars integral with
it. Shaft diameter is 240 mm and the external
diameter of the collars is 360 mm. Intensity of
uniform pressure is 400 kN/m? and the coefficient
of friction is 0.06. Determine the power absorbed
in overcoming the friction and the number of
collars required.
(13.49kW; 6)
A single-plate clutch, having two active surfaces,
transmits 10 kW of power and the maximum
torque developed is 120 N.m. Axial pressure is not
to exceed 100 kN/m?. Quter diameter of the friction
plate is 1.3 tirmes the inner diameter. Determine
these diameters and the axial force exerted by the
springs. Assume uniform wear and take coefficient
of friction as 0.25.
(207 mm, 26gmm)
The engine of an automabile is rated to give 8o
kW at 1Boo rpm with a maximum torque of 550
N.rm. Design a dry single-plate clutch assuming the
outer radius of the friction plate to be 1.2 times the
inner radius. The coefficient of friction is 0.25 and
the intensity of pressure between the plates is not
to exceed Bo kN/m?. 5ix springs are used to provide
axial force necessary to engage the clutch and each
spring has a stiffness of 5o Nfmm. Find the initial
compression in the springs and dimensions of the
friction plate.
{15.45 mm)
A multiple disc clutch has & active friction
surfaces. The power transmitted is 20 kW at 400
rpm. Inner and outer radii of the friction surfaces
are go and 120 mm respectively. Assuming uniform
wear with a coefficient of friction 0.3, find the
maximum axial intensity of pressure between the
discs.
{148.9 kNfm?}
Determine the axial force required to engage a
cone clutch transmitting 25 kW of power at 750

36.

37-

-

Friction

rpm. Average friction diameter of the cone is 400
mm and average pressure intensity is 60 kNjm?,
Semi-cone angle is 16° and coefficient of friction
0.25. Also, find the width of the friction cone.
{2.672 kN; B4.4 mm)
Show that the torque transmitted by a cone clutch
when intensity of pressure is uniform is given by

2pW | ri, - r3
3sin| 1 — %

where W = axial load

u = coefficient of friction of contact

surfaces

¢t = semi-cone angle
outer radius of contact surface
r, = inner radius of contact surface
In a cone clutch with semi-cone angle of 157,
maximum and minimum radii of the contact
surface are 120 mm and 80 mm respectively. The
speed is 8oo rpm and the maximum allowable
normal pressure is 150 kN/m? Determine the
axial load and the power transmitted taking the
coefficient of friction as 0.3.

-
M

(3.77 kN; 37.0097 kW}
The crank of a steam engine is 250 mm long
and the length of the connecting rod is 1 m_The
steam pressure at the cross-head is 350 kNfm?.
The diameters of the journals at the crankshaft,
crankpin and the crosshead are 180 mm, 140 mm
and 100 mm respectively. The piston diameter is
200 mm and the coefficient of friction between the
crosshead and guide is 0.079 and at the journal,
it is 0.06. Determine the reduction in the turning
moment avaitable at the crankshaft due to friction
of the crosshead guides and the journal at the
moment when the crank has rotated through 45°
from the inner-dead centre.
(58.7Nm)



L Introduction

Usually, power is transmitted from one shaft to another by means of belts, ropes, chains and gears, the salient features

of which are as foltows:

1. Belts, ropes and chains are used where the distance between the shafts is large. For small distances, gears are

preferred.

Belts, ropes and chains are flexible type of connectars, i.e., they are bent easily.
The flexibility of belts and ropes is due to the property of their materials whereas chains have a number of small
rigid elements having relative motion between the two elements.

4. Belts and ropes transmit power due to friction between them and the pulleys. If the power transmitted exceeds

the force of friction, the belt or rope slips over the puliey.

5. Belts and ropes are strained during motion as tensions are developed in them.

6. Owing to slipping and straining action, belts and ropes are not positive type of drives, i.e,, their velocity ratios

are not constant. On the other hand, chains and gears have constant velocity ratics.

This chapter deals with the power transmission by belts, ropes and chains. Power transmission by gears will be
dealt in the next chapter. The belts used may be flat or of V shape. The selection of belt drive depends on the speeds of
the velocity ratio, power to be transmitted, space available and the service conditions. A flat belt is used for light and
moderate power transmission whereas for moderate to huge power transmission, more than one ¥V belt or rope on

pulieys with a number of grooves is used.

T AND ROPE DRIVES

To transmit power from one shaft to another,
pulleys are mounted on the two shafts. The
puileys are then connected by an endless belt or
rope passing over the pulleys. The connecting beit
or rope is kept in tension so that motion of one
pulley is transferred to the other without slip. The
speed of the driven shaft can be varied by varying
the diameters of the two pulleys.

For an unstreched belt mounted on the pulleys,
the outer and the inner faces become engaged
in tension and compression respectively (Fig.
9.1). In between there is a neutral section which
has no tension or compression. Usually, this is
considered at half the thickness of the belt. The

Thickness

Cuter face

Effective

radius Neutral

section

iFig. 91
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etfective radius of rotation of a pulley is 7 y

obtained by adding half the belt thickness

1o the radius of the pulley.

Belt Drive A belt may be of rectangular

section, known as a flat belt [Fig. 9.2(a)]

or of trapezoidal section, known as a F-

belt [Fig. 9.2(b)]. In case of a flat belt, the (@) (b} ©

rim of the pulley is slightly crowned which
helps to keep the belt running centraliy on
the pulley rim. The groove on the rim of
the pulley of a V-belt drive is made deeper
to take the advantage of the wedge action. (d)
The belt does not touch the bottom of the
groove. Owing to wedging action, V-belts
need little adjustment and transmit more
power, without slip, as compared to flat belts. Also, a multiple V-belt system, using more than one belt in the
two pulleys, can be used to increase the power transmitting capacity. Generally, these are more suitable far
shorter centre distances.
Some advantages of V-belts are
* Positive drive as slip between belt and pulley is negligible
No joint troubles as V-belts are made endless
Operation is smooth and quite
High velocity ratio up to 10 can he obtained
Due to wedging action in the grooves, limiting ratio of tensions is higher and thus, more power
transmission
¢ Multiple V-belt drive increases the power transmission manifold
¢ May be operated in either direction with tight side at the top or bottom
¢ (an be easily instalted and removed.
Disadvantages of V-belts are
* Cannot be used for large centre distances
« Construction of putleys is not simple
* Not as durable as flat belts
s Costlier as compared to flat belts,

Rope Drive For power transmission by ropes, grooved pulleys are used [Fig. 9.2(c)]. The rope is gripped
on its sides as it bends down in the groove reducing the chances of slipping. Pulleys with several grooves
can also be employed to increase the capacity of power transmission [Fig. 9.2(d)]. These may be connected
in either of the two ways:
1. Using a continuous rope passing from one pulley to the other and back again to the same pulley in the
next groove, and so on.
2. Using one rope for each pair of grooves.

The advantage of using continuous rope is that the tension in it is uniformly distributed. However, in
case of belt failure, the whole drive is put out of action. Using one rope for each groove poses difficulty in
tightening the ropes to the same extent but with the advantage that the system can continue its operation even
if' a rope fails. The repair can be undertaken when it is convenient,

Rope drives are, usually, preferred for long centre distances between the shafis, ropes being cheaper as
compared to belts. These days, however, long distances are avoided and thus, the use of ropes has been limited.
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'9.2°QPEN- AND CROSSED-BELT DRIVES

1. Open-Belt Drive

An open belt drive is used when the driven pulley is desired to be rotated in the same direction as the driving
pulley as shown 1n Fig. 9.1.

Generally, the centre distance for an open-belt drive is 14 to 16 m. If the centre distance is too large, the
belt whips vibrate in a direction perpendicular to the direction of motion. For very shorter centre distances,
the belt slip increases. Both these phenomena limit the use of belts for power transmission.

While transmitting power, one side of the belt is more tightencd (known as tight side) as compared to the
other (known as slack side), [n case of horizontal drives, it is always desired that the tight side is at the lower
side of two putleys. This is because the sag of the belt will be more on the upper side than the lower side.
This slightly increases the angles of wrap of the belt on the two putleys than if the belt had been perfectly
straight between the pulleys. In case the tight side is on
the upper side, the sag will be greater at the Jower side,
reducing the angle of wrap, and slip coutd occur earlier.
This ultimately affects the power to be transmitted.

2. Crossed-Belt Drive

A crossed-belt drive is adopted when the driven pulley N
is to be rotated in the opposite direction to that of the gFig. 9,3}§
driving pulley (Fig. 9.3). ' '
A crossed-belt drive can transmit more power than an open-belt drive as the angle of wrap is more.
However, the belt has to bend in two different planes and it wears out more.

9.3 ACTION OF BELTS ON PULLEYS
To transmit torque from one shaft to another oniﬁgn(p) Slip of pullay
effectively, it is necessary that the belt does not T
slip over the pulley. To understand the action of
belts on pulleys, consider a belt resting on the
rim of a pulley. The belt is wrapped round the
pulley to subtend an angle 8 at its centre. The belt

T2

is tightencd on the pulley by applying an equal T H‘-—ySIip of bait T

amount of pull to the two ends of the belt. This @ F';‘;‘:;’;‘F';" ®

results in an initial tension T on each end of the

belt {Fig. 9.4(a)]. E’ei;“(‘;f; on
Now, if a small torque or tangential force F in

the clockwise direction is applied to the driving

pulley. it tends to rotate the belt with it. But if the J

motion of the belt is resisted, the pulley will have Slip of belt

a tendency to slip over the belt. Considering the

equilibrium of the pulley, it can be said that the Slip of puliey

(c)

slipping of the pulley is prevented by a fricticnal
force F’ (=F) acting in the counter-clockwise %Fsg 9 .ﬁ}
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direction. Similarly, considering the equitibrium of the belt, it can be said that the beit is prevented from
slipping in the counter-clockwise direction (opposite to that of pulley) due to a frictional force equal to F in
the clockwise direction (opposite to that on pulley). The frictional force in the belt results in an increased
tension on one end of the belt (T}) and a decrease in tension on the other (75) such that (7}, — T} = F
[Fig. 9.4(b)].

If the tangential force on the pulley in increased, at onc stage, it will just cause relative motion (slip)
between the belt and the pulley. This will indicate that the frictional force has reached the limiting value and
the force F on the pulley should not be increased further.

Now, consider a bel and pulley arrangement as shown in Fig. 9.4(c). Here, a belt with an initial tension
T passes over driving and driven pulleys. On the driving side, the belt would rotate with the pulley with
no relative stip between the two as long as the tangentiai force on the pulley, F (=T, - T,) is less than the
frictional force. On the driven side, the pulley rotates with the belt in the clockwisc direction which means
that the puliey can have a tendency to slip back in the counter-clockwise direction. This implics that the beit
will have a tendency to slip over the pulley in the clockwise direction meaning a counter-clockwise frictional
force equal to (T} - T3).

%4 VELOCITY RATIO

Velocity ratio is the ratio of speed of the driven pulley to that of the driving pulley.

rotational speed of the driving pulley

N, = rotational speed of the driven puiley

D, = diameter of the driving pulley

D, = diameter of the driven pulley

= thickness of the belt.

Neglecting any slip between the belt and the pulteys and also considering the belt to be inelastic,
Speed of belt on driving pulley = speed of belt on driven pulley

(D1+2£JN|=[D2+2£)N«
2 2 )

N, D+t

or  velocity ratio (VR) = N Do
[ 2

-
Q

=
I

b

(9.1}

95 SLIP
The effect of slip is to decrease the speed of the belt on the driving shaft, and to decrease the speed of the
driven shaft. o

Let @y, = angular velocity of the driving pulley
@, = angular velocity of the driven pulley
S, = percentage stip between the driving pulley and the belt
§, = percentage slip between the driven pulley and the belt
S = total percentage slip,

Peripheral speed of driving pulley =, [ D|2+ ! )

o D+ 100-5,
Speed of belt on the driving pulley = | @ 3 100
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This is also the speed of the belt on the driven pulley.
Peripheral speed of driven pulley

|25

As S is the total percentage slip,

{
Pertpheral speed of driven shaft = [m, [ D]; H(

I

IOO—S]
100

100—52)
100

(R ) o (25 )

(100-$)(100-5,) 100-§

ar

100 % 100 100
or (100 - 5)) (100 - §,) = 100 (100 - 5)
or 10000100 5,—100 5, + 5,5, = 10000 - 100 §
or 160.§ = 100 §,+ 100 5,- S, S,
ot §=5+85-001S S,

Effect of slip is to reduce the velocity ratio,

N,
VR =—== ﬂt_{_
N\ D+

52

100 ]

(9.2)

(9.3)

Also, it is to be remembered that slip will first occur on the pulley with smaller angle of lap, i.e., on the

smaller pulley.

Example 9.1 A shaft runs at 80 rpm and
drives another shaft at 150
rpm through belt drive, The
diameter of the driving pulley
is 600 nm. Determine the
diameter of the driven pulley in the following
cases:

(i) Neglecting belt thickness

(i) Taking belt thickness as 5 mm

(ii) Assuming for case (ii) a total slip of 4%
(iv) Assuming for case (ii} a slip of 2% on each

pulley

Solution N\ =80rpm D, =600 mm
N, =150 rpm
i X_DO 150600
ND 80 D,
or D, =320 mm
Ny Dy+t
@ N, =D+
] )+ ¢

150 600 +5
80 D, +5

(iii)

(iv)

D;=317.7 mm

100

&_Dl+r(100—5]

N —D2 +i

4

80
Dy =304.8 mm

150 _{600+5 (100—
D, +5

100

N, _D1+{(100-S)
- 100

N Dy+t

where § = §, + 5, 0.01S,5,
=2+2-001x2x2

100-3.96

=396
150 (60045
80 D, +35

Dy =304.9 mm

|

100

)

)
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(9.6 " MATERIAL FOR BELTS AND ROPES

Choice of materials for the belts and ropes is influenced by climate or environmental conditions along with
the service requirements. The common materials are as given below:

1. Flat Belts

Usual materials for flat belts are leather, canvas, cotton and rubber. These belts are used to connect shafts up
to 8—10 m apart with speeds as high as 22 m/s.

Leather belts are made from 1.2 to 1.5 m long strips. The thickness of a belt may be increased by cementing
the strips together. The belts are specified by the number of layers, i.e., single, double or triple ply. The leather
belts are cleaned and dressed periodically with suitable oils to keep them soft and flexible.

Fabric belts are made by folding cotton or canvas layers to three or more layers and stitching together.
The belts are made waterpreof by impregnating with linseed oil. These are mostly used in bett conveyors and
farm machinery.

Rubber bhelts are very flexible and are destroyed quickly on coming in contact with heat, grease or oil. Usually,
these are made endless. Rubber belts are used in paper and saw mills as these can withstand moisture.

2. V-Belts

These are made of rubber impregnated fabric with the angle of V between 30 to 40 degrees. These are used to
connect shafts up to 4 m apart. Speed ratios can be up to 7 to | and belt speeds up to 24 m/s.

3. Ropes

The materials for ropes are cotton, hemp, manila or wire. Ropes may be used to connect shafis up to 30 m
apart with operating speed less than 3 m/s.

Hemp and manila fibres are rough and thus, the ropes made from such materials are not very flexible.
Manila ropes are stronger as compared to hemp ropes. Generally, the rope fibres are lubricated with tar, tallow
or graphite to prevent sliding of fibres when the ropes are bent over the pulleys. The cotton ropes are soft and
smooth and do not require lubrication. These are not as strong and durable as manila ropes.

Wire ropes are used when the power transmitted is farge over long distances, may be up to 150 m such as
crancs, conveyors, elevators, elc. Wire ropes arc lighter in weight, have silent operation, do not fail suddenly.
more reliable and durable, less costly and can withstand shock loads.

YG OF PULLEYS

As mentioned is Section 9.2, the rim of the pulley of a flat- b

belt drive is slightly crowned to prevent the slipping off [T \
the belt from the pulley. The crowing can be i the form of

conical surface or a convex surface.
Assume that somehow a belt comes over the conical

portion of the pulley and takes the position as shown T
in Fig. 9.5(a), i.e., its centre line remains in a plane, the L

belt will touch the rim surface at its onc edge only. This is L

impractical. Owing to the pull, the belt always tends 1o stick
to the rim surface. The belt also has a lateral stiffness, Thus, @) _ P (b
a belt has to bend in the way shown in Fig. 9.5(b) to be on ‘Fig. 957

the conical surface of the pulley.
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Let the belt travel in the direction of the arrow. As the belt touches the cone, the point g on 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 «
on 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 be stable on the puliey in the upright position and has to bend
to siick 1o the cone surface. i.c., it will occupy the position shown by dotied lines.

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

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

. 98 TYPES OF PULLEYS oy

1. Idler Pulleys Driver

With constant use. the belt is permanently
stretehed a little in length. This reduces the
initial tension in the belt leading to lower
power transmission capacity. However, the
tension in the belt can be restored to the
original value by using an arrangement shown Weights
in Fig. 9.6(a).

A bell-crank lever, hinged on the axis
of the smaller pulley, supports adjustable
weights on its onc arm and the axis of a pulley
on the other. The pulley is free to rotate on
its axis and is known as idfer pulley. Owing
to weights on one arm of the lever, the pulley

cxerts pressure on the belt increasing the ) Driver
tension and the angle of contact. Thus, life ) pulley
of the belt is increased and power capacity is . Fig. 9.6~

restored to the previous value.

The pressure force on the belt can be varied by changing the weights
on the arm of the lever.

Motion of one shaft can be transmitted to two or more than 1wo shafis
by using a number of idler pulleys. This has been illustrated in Fig. 9.6(b).

2. Intermediate Pulleys

When it is required Oriving Intermediate or
10 have large pulley countershaft pulley
velocity ratios,

ordinarily, the size
of the larger pulley
will be quite big.
However, by using '
an intermediote

(or  countershaft

Driven
pulley

A cormpound belt drive



pulley, the size can be reduced as shown in Fig. 9.7. This type of drive is
also referred as compound belt drive.

3. Loose and Fast Pulleys

Many times, it is required to drive several machines from a single main
shaft. In such cases, some arrangement to link or delink a machine to or
from the main shaft has to be incorporated as all the machines may not
be operating simultaneously. The arrangement, usually, provided is that of
using a loose pulley along with a fast pulley (Fig. 9.8).

The fast puiley is keyed to the shaft and rotates with it at the same
speed and thus, transmits power. A loase pulley is not keyed to the shafi and
thus. is unable to transmit any power. Whenever, a machine is to be driven,
the belt is mounted on the fast pulley and when it is not required to transmit
any power, the belt is pushed on to the loose pulley placed adiacent to the fast
pulley.

4. Guide Pulleys

A guide pulley is used to connect two non-parallel shafts in such a way thai
they may run in either direction, and still make the putleys deliver the belt

Beits, Rupes and Chains n3 _

—
Driver
_._E b ; 3_
o] | s Shipper
1 [gutde)

Fast
pulley

e

Loose pulley

“Fig. 9.8

preperly in accordance with the law of belting as shown in Fig. 9.9(a) (refer Sec. 9.9 for the law of belting).
A guide pulley can also be used to connect even the intersecting shafts as shown in Fig. 9.9(b).

it

Guide pulley
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3»9 LAW OF BELTING

CF he law of belting states that the centre line of the belt when
it approaches a puiley must lic in the mid plane of that puiley)
However, a belt leaving a pulley may be drawn out of the
ptane of the pulley. In other words, the piane of a pulley.gnust
coniain the point at which the belt leaves the other pulle

By following this law, non-parallel shafts may be connected
by a flat belt. In Fig. 9.10, two shafts with two pulleys are
at right angles to each other. It can be obscrved that the centre
line of the belt approaching the larger pulley lies in its plane
which is also true for the smalier pulley. Also, the points at
which the belt leaves a pulley are contained in the plane of the
other puiley.

It shoutd also be observed that it 1s not possible to operate
the bell in the reverse direction without violating the law of
belting. Thus, in case of non-paralle! shafts, motion is possible
only in one direction. Otherwise, the belt is thrown off the
pulley. However, it is possible to run a belt in either direction
on the pulleys of two non-paraltel or intersecting shafis with
the help of guide pulleys (refer to Sec. 9.8). The law of belting
is stil} satisfied.

910 LENGTH OF BELT

1. Open Belt

Let 4 and B be the pulley centres and CD and £F,

the common tangents to the two pulley circles

(Fig. 9.11). Total length of the belt comprises
(a) the length in contact with the smaller

pulley

(b) the length in contact with the larger
pulley

{c) the length not in contact with either
pulley
Let L, = length of belt for open belt

drive
# = radius of smaller pulley
R = radius of larger pulley
C = Centre distance between pulleys
B = angle subtended by each common tangent (CD or EF) with AB, the line of centres of
pulleys.
Draw AN parallel to CD so that ZBAN=Band BN=R -r
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As CD 1s tangent to two circles, AC and BD both are perpendicular to CD or AN,
Now, AB | BK and AN 1 BD.
LDBK=/NAB = f3
Similarly, as B4 1. A4S, N4 L AC
LCAS=/NAB=§
L, =2 [Arc GC+ CD + arc DH]

=2K§_ﬁ)?‘+AN+[-§+ﬁ)R}

:2[(%-;3}”(:(:035%%%);3}

=gR+r)+2B(R-r)+2Ccos B (9.4)
This relation gives the exact length of belt required for an open belt drive. In this relation,
. _(R—F
= sin
B ( c J (9.5)

An approximate relation for the length of belt can also be found in terms of R, r and C eliminating 8, if B
is small, i.e., if the difference in radii of the two pulleys is small and the centre distance is large.
For small angle of §, sin 8= 8

R—r
o f=—
and cos B = \f1-sin? B
= (1-sin” B)''?
[
= (l —-2—sm2 Br... J [By binomial theorem)

or

cosﬁ=(]—%ﬁz)=l—%(Rgr]‘
2
L, =E{R+r)+2(£§f]m~r;+zc[l—%{R;’) J

2 2
R-ry 50 2C(&-1)
2

=m(R+r)+2

PRY Y
=R’{R+r}+2(RCr) —(R ) +2C

C

= r(R+ry+ B ;”)“ +2C 9.6)
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2, Crossed-Belt

As before, let A and B be the pulley centres and CD
and £F, the common tangents (crossed) to the two
pulley circles (Fig. 9.12).

Draw AN paralle]l to CD meeting BD produced G
at N so that ZBAN = 3

We have, ZCAJS = ZDBK = f3

Let L, = length of belt for crossed-belt drive

Then

L. = 2qArec GC + CD+ Arc DH]

:2[(§+ﬁ]r+m+[g+ﬁ]fe}
=2H%+ﬁ]r+€cosﬁ+(%+ﬁ]R]

=(m+2BR+r+2Ccos : 9.7
This is the exact length of a crossed-belt drive where
ﬁ___sin_(R-H']
¢ (9.8)
For small angle of 3, sin 8=
ﬁ_R—H‘
.- - ("
] '1. lfR+»r !
d = ]l-—fF" |=]1-—=| —
o cosf ( 27 ] 2[_ c )
L= x+2(”+"] (R+1)+2C 1—1(“"]
' C 2y C
xR+ 2BE e RET)
C C
—x@en+ &0 o (9.9)

This is an approximate relation for the length in terms of R, » and C.
It can be noted that the length of belt depends only on the sum of the pulley radii and the centre distance
in case of crossed-belt drive whereas it depends on the sum as well as the difference of the pulley radii apart

from the centre distance in case of open-belt drive.

Example 9.2 Two pardl!el&hq?s, cannected desired to alter the direction of rotation of the
\/' by a crassed bell; are  provided - driven shaft.
C=3m

with pulleys’: 480 .mm and , _
640 mm J‘H _E‘ . . The - Solution R=320mm
lines of the shafs is c 3 m. F!nd by how much r= 240 mm
the length of the belt showld bé changed if it is




For cross belt

1

B=sin" ( R+ r) =sin" (—~——0'32 ! 024} =sin~ 0.1867
C 3
=10°45" or 0.1878rad
cos i =0.9825
L =(@+2B(R+r)+2Ccos B
= (m+2 x 0.1878) (0.32 + 0.24) + 2 X 3 X 0.9825
=7.865m

For open belt

B=sin" [M) =sin" (M) =sin~ 0.0267
C 3
=1°32
As the angle is very small, the approximate relation can be used.
a2
L =m(R+r)+ R e
2
0.32-0.24
2 032+024y+ &2702D 55
=176lm

The length of the belt should be reduced by
L.—L,=7.865-7.761=0.104 m or 104 mm

$ED) PULLEYS

Many times, it is required to run the driven shaft at different speeds
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whereas the driving shaft runs at constant speed which is the speed
of the motor. This is facilitated by using a pair of cone or stepped T
pulleys (Fig. 9.13). A cone pulley has different sets of pulley radiite 5

give varying speeds of the driven shaft. The radii of different steps l

are so chosen that the same belt can be used at different sets of the - Driving
cone pulleys. pulley
pulley __’-ﬁ {speed n

Let n = speed of the driving shaft {constant)
= speed of the driven shaft when the belt is on nth step
v, = radius of the nth step of the driving pulley
R, = radius of the nth step of the driven pulley
The subscript # denotes 1, 2,3, ... n.
The ratio of speeds of driving to driven shaft is inversely
proportional to the ratio of their pulley radii, L.¢.,

N5

=
I

Driving

o pulley
= (i) I (speed Ns)

n R
Thus, to get speed N, of the driven shaft from the first pair of steps

of the cone pulleys, dimensions of 7, and R, can be chosen convenient
to the design.
For the second pair of steps,




Theory of Machines

N_n

n R,

Again some convenient dimenstons of 7, and R, can be chosen according to the ratio of N,/n. Similarly,
for other pair of steps also, the same procedurc can be adopted. For the #th pair,

N, r,
n R (i)

However, it is always desired that the same belt is used on all the pairs of steps of the cone pulley. To fulfil
this condition, the length of the belt has to be the same for all pairs of steps, i.e.,

Ll=L2= par mmm s :Ln
RN 32
(Rl+q)+M+2C:(R2+,—2)+M+2C: ........
or C
2
={R”+rn}+M+2C
(R —r) (Ry —n)
R+p)+— (R 453+ 22 20 o
or (R +7) C (Ry + 1) C
R —r)
:(Rn+"n}+——"( s 1) (9.10)

As Ry and r have already been chosen for the first pair and ratios 1Ry, .. v /R, are known, their values
can be easily calculated.

Also, it is usual practice 1o have speeds of the driven shaft in geometrical progression and to make the
driving and the driven cones similar,

Let K = ratio of progression of speed

N, N N
Then === =—L =K

Nl N2 Nn—]

N, = KN,

N-; = KJ'\'E _KZ .’VI

AN" = KJ\‘"”_] = Knu] N]

To obtain these speeds of the driven shaft, the ratio of the radii of different pairs of pulleys can be obtained
as under:

N, =K*IN,
=g p [from (i)]
Ry
N - gt
or H R
}"_n . Kn—l i f ..
or R, R, [from (ii)]
Thus, 2 _ k.5 _ g2 andsoon.
R, R Ry R

If the driving and the driven pulleys are to be made similar,
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2
L T (ﬂ) —km o Bt 9.11)
R, n Ry 4 A

This gives the ratio R /r,. After deciding its value, ratio r./R,, #+/R. etc., can be obtained and then from the
refation for the length of belt, the vatues of r., R,, and ry, R;, efc., can be obtained.

If cone putleys are being used for a crossed-belt drive, it is very easy to obtain the dimensions of the radii
of different pairs of steps. In this case, the length of the belt is same if the sums of the radii of differcat pairs
of steps are constant for a given centre distance between the pulleys, i.e.,

Ri+r=Rovr=.... =R, +r, 9.12)
Example 9.3  Design aset of stepped pulleys Ry+ry=R +r
to drive a machine from a 1.69 ry + ¢, =220+ 80 =300
countershaft that runs at 220 r,=111.5 mm
rpm. The distance between R,=111.5x1.69= 18835 mm
centres of the mwo sets of (ify For Open-belt System
pulleys is 2 m. The diameter of the smaliest step (a) For First Step r, = 80 mm R, = 220 mm as
on the countershaft is 160 mm. The machine is before
to run at 80, 100 and 130 rpm and should be (») For Second Step
able fo rotate in either direction. (R, —n)?
TR, 4 )22
Solution: As the driven shaft is to rotate in either C
direction, both the cases of a crossed-belt and an ( |_‘"1}2
open-belt are to be considered. = (R +n}+
() For Crossed-belt System (2.2, — 1 )2
The smallest step on the countershaft will or m{(22n+n) +—“‘2—'—
correspond to the biggest step on the machine 5
shaft (or the minimum speed of the machine = (0.22+0.08) + (0.22-0.08)
shaft). 2
By =1, =n; =220 rpm ¥ = B0 mm 1.44 5
N,, Ny. Ny = 80, 100, 130 rpm respectively 10057, + ——rs =0.9523
(@) For First Step r? +13.9585 =1.323
Ro_m o B0 k- 20mm (ry + 6.979) = 1.323 + (6.979)
AN 80 80 I = 50.029 = (7.073)°
(B) For Second Step Fy = 7.073 — 6.979 = 0.094 m or 94 mm
R, 220 o Ry=2.2 X 94 = 206.8 mm
N, 100 or Ry =2.2r; (¢} For Third Step
Also Ry+r=R +r (1.695 —13)°
2:21‘_2 2 . :|2201+ %0 m{(1.695 +1)+ s 0.9523
i'zzrlg;_igomm or 8451y + 22702 _ 09523
R,=93.7x22=206.3 mm or i +35.508r = 4.001
(e} For third Step or (12 + 17.754)7 = 4.001+(17.754)>
B2 R, = 1.697 =319.206 = (17.866)*
i 130 ‘ or 7y = 17.866 - 17.754=0.112 m or [12 mm

Also Ry=112%1.69=189.3 mm
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WCHON TENSIONS

1. Flat Belt

Let T, = tension on tight side
= tension on slack side
6 = angle of lap or contact of the belt over the pulley
i = coefficient of friction between the belt and the
pulley
Consider a short length of belt subtending an angle 66 at the
centre of the pulley (Fig. 9.14),
Let R = normal (radial) reaction between the element length
of belt and the pulley
T = tension on slack side of the element
8T = increase in tension on tight side than that on slack

o=
1

Tz T1
side ﬁ 9.§
T+ 8T = tension on tight side of the element N
Tensions T and (T + &8T) act in directions perpendicular to the radii drawn at the ends of the elements.
The friction force 4R will act tangentially to the pulley rim resisting the slipping of the elementary belt on
the pulley.
Resolving the forces in the tangential direction,

pR+Tcos-52£~(T+6T)c0352—9=0
As 86 is small,
60
cos— =1
2
UR+T-T-6T=0 or &T=puR (1)

Resolving the forces in the radial direction,

R-Tsin%g—{T+5T)5in§2£=0

As 86/is small, L P08
2
S0 56 8T8
R-7o0 _p90 o8
Thus, 5 ; >

Neglecting product of two small quantities,
R=T38 (1)
Inserting this value of R in (i),

ST=uT80 or %Ezpéﬂ
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Integrating between proper limits,

h [}
dT
J?=I# 6
Tg 0
T
log, -L = u@
or %87 =M
T
or F;=e“" (9.13)

It is to be noted that the above relation is valid only when the belt is on the point of slipping on the
pulleys.

2. V-Belt or Rope

In case of a V-belt or rope, there are two normal reactions as shown in Fig, 9.15 so that the radial reaction is
equal to 2R sin o o

2R sin o

b

j so2
1] T+6T
T,
Thus, total frictional force = 2(uR) = 2uR.
Resolving the forces tangentially,
2uR +Tcos%-(1’" +5T)cos§ =0
For small angle of 88,
cos —Q =].
2
8T = 2uR _ (iii)

Resolving the forces radially,

2Rsina—Tsin6?e~—(T+6T)sin52—9=0
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As 68 is smail, sin @ = éﬁi
2 2
ij?siﬂ(:{-I-’"ESE—T(E’—6 =0
2 2
_T86
or T 2sine (iv)
From (iii) and (iv).
ST =2u T§9
2sna
ST pod
or - =
T SIn O

Integrating between proper limits,

far _tudo
!

sin &
7 ue
log, +=——
or i T, sing
T i
or }J_:eﬂﬁ-hlnﬂ ‘ (9.14)

i
The expression is similar to that for a flat-belt drive except that j4 is replaced b; waind ie., the coefficient
of friction is increased by 1/sin@. Thus, the ratio T\/T; is far greater in case of V-belts and ropes for the same
angle of lap & and coefficient of friction .
Again, it is to be noted that the above expression is derived on the assumnption that the belt is on the point
of slipping. ’

913 - POWER TRANSMITTED

Let 7, = tension on the tight side
7, = tension on the slack side
v = linear velocity of the belt
P = power transmitted
Then,
P = Net force x Distance moved/second
=(T,-Ty)xv {9.15)
This relation gives the power transmitied irrespective of the fact whether the belt is on the point of slipping
or not. If it is, the relationship between T, and T, for a flat belt is given by 7,/7, = e#®, If it is not, no particular
relation is available to calculate T, and 7T,
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Example 9.4 A belt runs over a pulley of

' 800-mm diameter at a speed
of 180 rpm. The angle of lap is
165° and the maximum tension
in the belt is 2 kN, Determine
the power transmitted if the coefficient of friction
hetween the belt and the pulley is 0.3.

Sofution T,=2000N 4=08m
N=180rpm =103
8=165"=165x /180 =2.88 rad
vzfth:nxo.leSO:?‘ﬂws

60 60

T

—;;"— =" =0V Z 237 0r T, = 2377,

or 2000=237T, or T, =843 N

and P=(T —-T,)v =(2000-843) = 7.54
=8724 Wor8.724 kW

Example 9.5 A casting weighs 6 kN and is
Jfreely suspended from a rope
which makes 2.5 turns round
a drum of 200-mm diameter.
If the drum rotates at 40 rpm, determine the force
required by a man to pull the rope from the other
end of the rope. Also, find the power to raise the
casting. The coefficient of friction is 0.25.
Solution T,=6000N d=02m
N=140 rpm p=025
0=25x2xr=15.7rad
_mdN _ mx02x40
" 60 60

= 0419 mvs

}TL = e = P57 — 508 or T; = 50.8T,

or 6000=508T7, or T,=118N

and P=(T -Ty)v =(6000—118)x0.419
=2464 W or 2.464 kW

Example 9.6 , A belt drvive transmits 8 kW of

/ power from a shaft rotgting
at 240 rpm to another shaft
rotating at 160 rpm. The belt
is & mm thick. The diameter
of the smaller pulley is 600 mm and the two

Belts, Ropes and Chains 3

shafts are 5 m apart. The coefficient of friction is
0.23. If the maximum stress in the belt is limited
10 3 N/mnt’, find the width of the belt for (i}
an aopen belt drive, and (ii) a cross-belt drive.

Solution Speed of the driving puliey, ¥, = 240 rpm
Speed of the driven pulley , N, = 160 rpm
Thus, smaller pulley is the driver and
d =600 mm
r=300mm; P=8kW;C=5m;u=025;
=8 mm

1):@x600=900 mm or R = 450 mm
. ﬂ'ch, _ T x0.6x240 =754 ms
60 60
P=(T-T)v
or  B000=(T -T,)x7.54
or 1 -T7T,=1061 (D

(1) Open-belt drive
In designing the belt drive, the angle of contact on
the smaller pulley has to be considered as it is the
lesser of the two angles of contact.

Now, angle of contact on the smalier pulley,

9=fr—2ﬁ:;rc—2$in"(R_r]
C

or 9=}r—25in_(w]
5000
= 7—3.438° = 7 0.06 = 3.082 rad
L _ e
Also 7, =e
i

L ="P a6l or T = 2161, (i)
7 -
From (i) and (i),

2.161 7, T, = 106]

T,=914N

T=1975N
The maximum tension, 7| = G.h.t
orl1975=3xbx8or =823 mm

{ii) Cross-belt drive

O=r+2B=n+2sin"’ (R+r)
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. _f45
or @ =nxn+2sin (wJ

5000
= g+ 17.254° = £+ 0301 =3.443 rad

T
Also =L = ¢

.

or % = B3 = 0365 or I =2.365T; (iii)
From (i) and (iii),
23657, - T, = 1061
T,=777N
T, =1838N
The maximum tension, T, = o.h.¢
or 1838=3bx8or b=76.6mm

J

A 100-mm wide and 10-mm
thick belt transmits 5 kW of
power between two' parallel
shafis. The distance between
the shaft cenires is 1.5 m and
the diameter of the smaller pullly b 430 mm.
The driving and the driveh’ thafls rotate ot 60
rpm and 130 rpm respectively. The coefficlent of .
Sriction is 0.22. Find the stréss in the belt if the
two pulleys are connected by (i} an open belt,
and (i} a cross belt. Take u = 0.22,

Solution Speed of the driving pulley, N, = 60 rppm

Speed of the driven pulley, N, = 150 rpm

Thus, smaller pulley is the driven pulley and
d =440 mm

P=5kW; b=100mm; C=15m; {= 10 mm;
p=1022; r=220 mm;

[ t] ZJ'IN-J[ r)
V=4t | P+ | = =1 r+-
- 2 60 2
_ 2xnxl$0(220+£9]
60 2

= 3535 mm/s or 3.535 m/s
P=(T,-T,vor 5000 = (T, - T,} % 3.535
or T,-T,=14145N (i)

(i) Open-belt Drive
Angle of contact on the smaller pulley,

Example 9.7

. R—r
=n-28=nr-2sin"!
3 sin [ . )
. _1[220x150!60—220)
=x—2sin
1500
=xg-254°
=n-0.443 {f is to be in radians)
= 2,698 rad.
Ti _ o
h
or;—1= e0228% 1 8lor T, = 1.817, (if)
2
From (i) and (i), T, -T,=14145
o 1817, - T, = 14145
or 0817, = 1414.5
7,=17463N and T|=17463x 1.81 =3160.8 N
stress in the belt,
t:Ll = 21608 _ 5 6 Ninm?
bxy 100x10 ———

(i1} Cross-belt Drive

9=ﬂ:+2ﬁ=1r+2sin"(R+r]

C

220x150!60+220]
1500

or 9=ﬂ.’+25in_l[

=rn+61.8°
or B=gxg+108=422rad

i = 60.22X4.22 — 2‘53
5
T, T,=31608~1746.3= 14145  (iii)

From (i) and (iii), 2.53T,-T, = 14145
T2 =024 35N
T,=9245x253=2339N
g, = 2339 __ 5 339 N/mm®
100x10 ==



CENTRIFUGAL EFFECT ON BELTS

While in motion, as a belt passes over a pulley, the centrifugal
effect due to its own weight tends to lift the belt from the pulley.
QOwing to symmeiry, the centrifugal force produces equal tensions
on the two sides of the belt, i.e., on the tight side as well as on the
slack side.

Consider a short element of belt (Fig. 9.16). T,

Let m = mass per unit length of beit.
T, = centrifugal tension on tight and slack sides of
element
F. = centrifugal force on the element
r = radius of the pulley
v = velocity of the belt
80 = angle of lap of the element over the pulley

F. = mass of element X acceleration

= (length of ¢lement x mass per unit iength) x acceleration

-

= {r59xm}xv—
,

= 58
Also,
F, =2T. sin—
As 08 is small,
. 60 o0
sin — = ~—
2
F=m%
2
=Té0
From (i} and (ii),
T.80=m?86
or T.=m?

Beits, Ropes and Chains

56/2 ! sei2

(1)

(ii)

(9.16)

Thus, centrifugal tension is independent of the tight and slack side tensions and depends only on the

velocity of the belt over the pulley.
Also,

Centrifugal tension _L

Centrifugal stress in the belt = - =
area of cross section of belt @

Total tension on tight side = friction tension + centrifugal tension
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T=r+T (9.17)
Total tension of slack side =7, + 7.

It can be shown that the power transmitted is reduced if centrifugat effect is considered for a given value
of the total tight side tension 7,

{a) Centrifugal Tension Considered
Friction tension on tight side = 7- 7, = T,
Let 7; be the friction tension on the slack side,

i
Then =+ = &*® = % a constant
2

or T, = L}
k
T 1
andpower, P=(N -Thoww= | -—{v=T|1-=|v
- k k

(b) Centrifugal Tension Neglected

Friction tension on tight side = T

Let 7" be the friction tension on slack side.

T
—T’—=e”‘9:k, or ?:{:I

T:’
s r ]
Power, P=(1, - K= T—; v="T l—; y

As T 18 lesser than 7, power transmitted is less when centrifugal force is taken into account.

‘9,15 MAXIMUM POWER TRANSMITTED BY A BELT

If 1t is desired that a belt transmits maximum possible power, two conditions must be fulfilled
stmultaneously.

1. Larger tension must reach the maximum permissible value for the beit.

2. The belt should be on the point of slipping. i.c., maximum frictional force is developed in the belt.

Now,
T, 1
P=(N-Tyv=T, h-g v=T l_e_ﬂﬁT v="Tkv

1

1
where k= 1-—5 = constant
€

or P=(I-T) i
= kTv - kmv"v = kTv — kmy'
The maximum tension 7 in the belt should not exceed the permissible limit. Hence, treating 7T as constant
and differentiating the power with respect to v and equating the same equal to zero, we get
dP

— = kT =3k =0
v
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or T=3m?=3T,

T

-

or

(9.18)

Therefore, for maximum power transmission, centrifugal tenston in the belt must be equal to one-third of
the maximum allowable belt tension and the belt should be on the point of slipping.

Also,
L =T-T,
and

LIRS

Example 9.8  An open-beit drive is required
Sy to transmit 10 kW of power
Jfrom a motor running at 600
rpm. Diameter of the driving
: pulley is 250 mm. The speed of
the driven pulley is 220 rpm. The belt is 12 mm
thick and has a mass density of 0.001 g/mm’.
Safe stress in the belt is not to exceed 2.5 /mm’.
The two shafts are 1.25 m apart. The coefficient
of friction is 0.25.
Determine the width of the bek

Solution Speed of the driving pulley, N,= 600 rpm

Speed of the driven pulley, ¥,= 220 rpm

Thus, smaller pulley is the driver and

d =250 mm

P=10%kWw; 1=12mm,

p=0.001 gfmm?= 1000 kg/m?; r =125 mm,

C—125m N,=220rpm ; j1=10.25;

=2.5 N/mm? = 2.5 x 10% N/m?

To calculate the width of the belt, we nced to
know the maximum tension in the belt which is
the sum of the tight side tension and the centrifugal
tension,

Le., r=T,+T,
Calculation of T\
P=(T~Tyyv

h ¥ w(r+tJ 2R-N[r+t]
w = —_ = — —
ere 2] 60 2

=F-—==—T
3

T 2

3
L (9.19)
= %.”:{]ﬂ}.[}gyr %) = 8230 mn/s or 8.23 m/s

10000 = (7, - 7,) x8.23
or T, T,=1215

)
Also -+ ="’
2

where9=1r—2ﬁ=;;_251n—1[R2;R1]

L _{125x600/220—-125
or O=nr-2sn
1250
or 8= n-199"=7-0347=279

% =" = 2010r T = 2017, Gy
From (i) and (ii),
201 ,-T, = 1215
T,=1203 N
T, = 2418 N
Calculation of T,
T.=mv
= mass per unit length x v*
= volume per unit length x density x +*
= (x-sectional area x length x density) X v*
= (width x thickness X length x density) X 17
=$x0.012 % 1 x 1000 x (8.23)
= (812.85) N (b inm)
T=T,+T. =g x(bx{)
2418 + 812.85 = 2.5 x 105 x b x 0.012
29 187 F=2418
h=00828m or 82.8mm
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Example 9.9  Two parallel shafts that are
3.5m apart are connected by
two pulleys of I-m and 400-
mm diameters, the larger
pulley being the driver runs ai'
220 rpm. The belt weighs 1.2 kg per metre length,
The maximum tension in the belt is not to exceed
1.8 kN. The coefficient of friction is 0.28. Owing
to slip on one of the pulleys, the veloctty of the .
driven shaft is 520 rpm only. Determine the
(i) torgue on each shaft
(ii) power transmitted
. (iii) power lost in friction
(v} efficiency of the drive

Solution The larger pulley is the driver, D=1 m;
Ny =220 rpm;
R=500mm;d=400mm;r=200mm;N2=520
pm; C=35m; =028, m=12kgm; T=1800N
_EDN,  mx1x220
60 60
AlsoT,=mv* =12x11.522=159 N
~. tension on the tight side, 7, = 7 T,
=1800-159=164l N

=11.52 m/s

Now,B:rr—Zsin"(R;r]

_zsin,[SOO—-ZOO] .
=7 3500 =nr—9834
=x-0172=297rad

P X2IT _ 5907 o T, =2.297 T,

T _ e
Also T, =e
or 7T,=1641/2297=714N
(i} Torque on larger puliey = {7, ~ T,)R
=(1641 —714) x 0.5 =463.5 N.m
Torque on smaller pulley = (7, - T)r
=(1641 -714)x 0.2 = 1854 N.m
(i) P=(T,- Tyw =(1641 —714)x 11.52
= 10679 W= 10.679 kW
2zNT, 27 x 220X 463.5
60 60
10678 W.. (T is the torque)

(iii) Power input =

2AN,T, 27 x520x185.4
60 60
=10 096 W.. (T} is the torque)

Power output =

Power loss = 10 678 — 10 096 = 582 W
o 10096
(iv) Efficiency = utput power _
Input power 10678

=10.945 or 9.45%

Exumple 910 A V-belt drive - with the
ﬁllowmg dala  transmits
- power from an electric motor

. fo a compressor;

Power transmitted = 100 kW
Speed of the electric motor = 750 rpm
Speed of the compressor = 300 rpm
Diameter of compressor pulley = 800 mm
Centre distance between pidleys = 1.5 m

- Maximum speed of the belt = 10 m/is
Mass density 8f the belt = 900 kg/m’
' Crods-idchional area ofbefr = 350 mm’

_. AIMM inthe Belt . = 2.2 Nfmm?
Grovve ang?e ofthepulley ~ = 38 :
Coefficient of friction . = (.28

- Determine the mumber of belts required and
the lerigth of each belr.

Sofution  Speed of driving pulley (electric motor),
N, =750 pm
Speed of the driven pulley, #; = 300 rpm
Thus, larger pulley is the driven pulley and
D =800 mm
d_Ny o d 30
D N, 800 750
r =160 mm
Mass of belt/m length = area x length x density
=350 % 10 x 1 x 900 = 0.315 kg

ord=320 mm or

Centrifugal tension, 7, = m?=0.315 x 30?
=2835N
Maximum tension in the belt,
T=oxarea=22x 350=770N
T\=T-T,=770-283.5=4865N

Now, 9=x—25in_'(R;r]




) _(400—160)
=g-2s5n | ————

S0 )T 184
=7-032=282rad
Also ﬁ = ghfising _ J028x282/sinI9"
, 2
=1130r T, =11.37,
7,=486.5/11.3=43.1N
P=(T, - T)v=(486.5 -43.1) x 30
= 13300 W or 13.3 kW

Number of belts
Total power transmitted _ 60

= =451 5
power transmitted/belt  13.3 o=

Using approximate relation for the fength of the
belt,

L =J'r.(R+r)+(R—_(;:-}—-+2C

(0.4-0.16)° 4.79m

=(04+0.16)+ +2x1.5=

Determine the maximum
power transmitted by a V-belt
drive having the included V-
groove angle of 35°, The belt
usedis 18 mm deep with 18 mm
maximum width and weighs 300 g per metre
length. The angle of lap is 145° and the maximum
permissible stress is 1.5 N/mm’. Take coefficient
of friction to be 0.2.

Solution m = 0.3 kg/m; = 35/2 = 17.5% b =18
mm; =18 mm; &= 145°=2.53rad; u=02;
Maximum tension in the belt = a.b.1.
=15%x18x18=48N

Under maximum power conditions,

T, =27 - 2486-324N
303

Example 9.11

T.=T-T,=486-324=162N
Also, T.=mv? or 162=03v? or v=232mJs
Now,
ﬁ — e,uﬂfsina
T
=5380r 7, =5.387,

or T,=324/538=602N

0.2%2.53/5in17.5"
P sin
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(i) P=(T,- T,)v=(324—60.2)x 232
= 6120 W or 6.12 kW

Example 9.12  The grooves on the pulleys of
a multiple-rope drive have an
angle of 50° and accommodate
ropes of 22 mm diameter
having a mass of 0.8 kg
per metre length for which a safe operating
tension of 1200 N has been laid down. The two
pulleys are of equal size. The drive is designed
Jor maximum power conditions. Speed of both
the pulleys is 180 rpm. Assuming coefficient of
Jriction as 0.25, determine the diameters of the
pulleys and the number of ropes when the power
transmitted is 150 kW,

Solution T=1200N
n = (.8 kg/m length

P=150000W
8= 180° ....(two pulleys
are of equal size)

30 =025

a=—=23°
2

N, =N,= 180 rpm
Under maximum power conditions,

71=-2-T:—2—X1200=800N
3 3
T.=7-T,=1200-800=400 N
Also T, =mvor 400 = 0.8 2 or v = 22.36 m/s
b= TD\N,

=22.36
or 50
D x 180
or EXIXT_ 9236
60
D =237m Also D,=2137m
I80xa 1
i = HBsine _ eo.zsx 180 sin25° = § 4]
!
800
LI P
6.41 641
P=(T,-T)vn

150 000 = (800 — 124.8) x 2236 x n
n =9%.94 say 10 ropes
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416 INITIAL TENSION

When a belt is first fitted to a pair of pulleys, an initial tension T is given to the belt when the system is
stationary. When transmitting power, the tension on the tight side increases to T, and that on slack side
decreases to T,. If it is assumed that the material of the belt is perfectly elastic, i.¢., the strain in the belt is
proportional to stress in it and the total length of the belt remains unchanged, the tension on the tight side
will increase by the same amount as the tension on the slack side decreases. If this change in the tension is
OT then
tension on tight side, 7T, =7, + 8T
tension on slack side, 7, =7T,~ 8T
r-hth
2
= mean of the tight and the slack side tensions,  (9.20)

Initial Tension with Centrifugal Tension
Total tension on tight side =7, + 7,
Total tension on slack side =7, + 7,

7 (L +T)+(L+T)
o 2

+T

or  T,+T,=2(1,-T)
7

_hi+h

Let 7= " =k
Therefore,
KT, +T, = 2AT,-T)
T, = 21, ~7,)
“ k+1
2k(7, - T.) ' ,
and n=Tr ' (i)
WT, - T.) AT,- T)
== T ke
2k —INT, T}
B k+1
Power transmitted, P=(T-T)v
C2k-T,-T) 2k =INT, —mv’)
- k+1 'e k+1 v

2k = INT,v ~ mv’)
k+1
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To find the condition for maximum power transmission, differentiating this cxpression with respect to v
and equating the same to zero, i.e.,

dP

— =T —3m” =0
av
T, = 3mv’
v= |
Im
When the belt drive is started, v =0 and Thus. 7. =0,
247, )
A ()
From {1} and (ii), it is evident that the maximum tension in the belt is more while starting the drive,
Example 9.13  The following data relate to a N T+T, 1392.8+148.8
-rope drive: Initial tension = 5 = 3
| | = 770.8 N
Power transmitted = 20kW Now, Working tension = Tension on tight side +
Diameter of pulley _ = 480 mm Centrifugal tension ) .
Speed : Lo zsomm ., :T,+mv- ] \
Angle of lap on smaller pulley = 160° 132 000 G; = 13928 +48 G~ (2.01)
Number of ropes _ =8 131 806 G- = 1392.8
Mass of rope/m length - = 48 Gl kg G = 0.01056
Limiting working tension = 132G kN or - G =0.1028
Coefficient offrfeﬁon = 0.3 Now girth (circumference) of rope
Angle of groove. —440 = md=0.1028
If G is the girth of rope in m, determine the or d=0327m
initial tension and the diameter of each rope. Example 9.14 2.5 kW of power is transmitted
Solution Power transmitted /rope = 20 000/8 by an open-belt drive. The
= 2500 W linear velocity of the belt is
2.5 m/s. The angle of lap on
Velocity of rope = DN _ mx048x80 the smaller pulley is 165° The
60 =201 n??s coefficient of friciian is 0.3.
Now. P=(T,-T)v ' Determine the effect on power transmission
or ’ 2500 _ (T f_ ) x 2.01 in the following cases:
or (T,-T,) ! 12 424 N ' 0 (i} Initial tension in the belt is increased
! ? l6xx 1 by 8%
Also,i = MOIsma 60'3 TR0 sma23i— 9.359(ii) (i) Mnitial tension in the belt is decreased
T, _ by 8%
From (i) and (ii), (iii) Angle of lap is increased by 8% by the use
9359T,-T,=1244 of an idler puiley, for the same speed and
7,=1488N the tension on the tight side
7, =148.8x9.356=13928 N (v} Coefficient of friction is increased by 8%

by suitable dressing to the friction surface
of the belt
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Solution P=25kwW  u=03
6= 165° v=2.5m/s
P=(T,-Tyw
2500 = (T, ~T,} x 2.5
T,-T,=1000N
I _ pHE = OIXIESTIINY _ 5 19
T
or T, =237,
2377,—T, = 1000
or T,=7299N
T, =7299%237=17299N
Initial tension,
T‘j . »9
T = TI; ) . 1729.3+ 729 12909 N

(i) When initial tension is increased by 8%
T,=12299x1.08= 13283 N

n+4

or 52 =13283 or T, +T; = 2656.6

As g and 6 remain unchanged, ® or

T .

—-is same.

4

237T,+T, = 2556.6
T, = T883N
T, = 18683 N
P=(T —T;v = (18683 -7883)x 2.5
= 2700 W or 2.7 kW
2.7-25

=0.08 or 8%

‘. increase in power =
P 25

(ii) When initial tension is decreased by 8%
T, =1229.9 x (1 - 0.08) = 1131.5
or T‘;ZTE =113150r T, + T, = 2263
3.377,=2263
T,=671.5N
=1591.5N
P=(15915-671.5)x2.5=2300Wor23 kW

2.5-2.
2.3 = 0,08 or 8%

*. Decrease in power =
5 _ e
ey I M
(ii1} 7,

T, is the same as before whereas 8 increases
by 8%

165x1.08xx
03—
1799 _, 10 =254
[
T,=680.5N
P=(1729.9 - 680.5) x 2.5 = 2624 W
or 2.624 kW
. Increase in power
_ ZE24-25 (0496 or 4.96%
165=x
0.3x] 08x
(iv) ;’— okt 180 =754
or ) T\, =254T,
T +7,=12299x2=24598
T, =6949N
T, = 6949 %254 =1764.9 N
P=(1764.9—-694.9) X 2.5
= 2675 W or 2.675 kW
. Increase in power
_ 287525 607 0 7%
2.5
In a belr drive, the mass of

Example 3.15

n the belt is I kg/m length and
its speed is 6 m/s: The drive
transmits 9.6 kW of power.
Determine the initial tension
in the beit and the strength of the belt. The
coefficient of friction is 0.25 and the angle of lap
is 220°,

Solution P=(T,-T,w
or  9600=(T,-T,)x6b

or T,-T,=1600 )
T ng]l
Il R L =e0'%=2.6]
2
or T,=261T, (i)
From (i) and (i),
261 T,— T, = 1600
T,= 994 N
7, = 2594 N
Centrifugal tension = mv? = 1 x 122 =144 N
o . n+h
Initial tension T, = +7.
_ 29944994 41938 N

2



Strength of the beit = Total tension on
the tight side
=N +T
=2594+ 144
=2738N

Example 9.16 In an open-belt drive, the
diameters of the larger and
the smaller pulleys are [.2
m and 0.8 m respectively.
The smaller pulley rotates at
320 rpm. The centre distance between the shafis
is 4 m. When stationary, the initial tension in
the belt is 2.8 kN. The mass of the belt is 1.8
kg/m and the coefficient of friction between the
belt and the pulley is 0.25. Determine the power
transmitted.

Solution Let smaller pulley be the driving pulley.
N, =320 rpm

D=12mR=06m; d=08 m;r =04 m:
C=4m; p=025 m=18kg/m; T, =2800N

. rdN, mx08x320

= =134 m/s
60 60
Also T.=m"=18x 13.42=323.4 N
Initial tension T, = hth +T,

h+1

or 2800 = +32340rT, + T,=4953N (i)

Now,ﬂ::r—Zsin"(R_r]
C

. _{06-04
= —28in (0—64—]=n—5.73°=n—0.01

=3,042 rad
T T 2
Also L =e*¥where = =" =214
2 2
or T/T,=2.14T, (i)
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From (i) and (i), 7,=1577Nand 7, = 3376 N

P=(T-T-w={3376-1577) 13.4 =24106 W
or 24.106 kW

Example 917  The initial tension in a belt

drive is found to be 600 N and

the ratio of friction tensions is

1.8. The mass of the belt is 0.8

kg/m length. Determine the

(i) velocity of the belt for maximum power

transmission

(ii} tension on the tight side of the belt when it is
started '

(iii) tension on the tight side of the belt when
running at maximum speed

Solution From equation for maximum power
transmission with consideration of initial tension,

i 1’—1/3—,/ 0 58
W V=Yg, “{axog” O ™E

(i) Tension on the tight side of the belt when it

is started
2kT,  2x1.8x600
T‘—'k+l- T8+ 1 =7714N

(iii) Tension on the tight side of the belt when
running at maximurm speed.
Centrifugal tension = myv* = 0.8 x 15.8?

=199.7N
n+r
Initial tension T, = ! 2 2 +T.
/1.8
600 = LRACiAL) +U; ! )+199,?
0.778 T, = 400.3
T,=5146N

jt can also be found by applying the relation
2k(7, -T,) _ 2x1.8(600-199.7)
h= 1841
=5146N




@24 Theory of Machinies

1t is seen that when a belt moves over the driving pulley, tension in the belt decreases from Titof,.

Let /; = stretch in unit length of belt due to 7,

Let , = stretch in unit length of belt due to 7,

Assuming that the strain in the belt is proportional to the stress in it,

As T, >T,

Therefore,  {, > 1,

Thus, a length (1 + ;) of belt approaches the driving pulley and a length (1 + L) leaves it. As (1 +{}) is
greater than (1 + /), the belt slips back over the driving pulley. This slip is known as the creep of the belt.

On the driven pulley, the belt tension increases from T, to 7. This means a shorter tength (1 + /,) approaches
the driving pulley and a greater length (1 + /) leaves it. Thus, the belt creeps forward by an amount {/, — 1,).
This makes the driven pulley to move at a slower speed than the belt.

Thus, the effect of creep is to slow down the speed of the belt on the driving pulley than that of the rim
of the pulley and to reduce the rim velocity of the driven pulley than that of the belt on it. Therefore, the net
effect of creep is to reduce the speed of the driven pulley than what it would have been without creep and
Thus, reducing the power transmitted.

Let a; = stress on the tight side of the belt

@, = stress on the slack side of the belt
€ = strain on the tight side

£ = strain on the slack side

N, = speed of the driving pulley

N, = speed of the driven pulley

{ = original length of the belt
E = moedulus of elasticity of the belt material
Assuming that the stress strain curve for the belt to be parabolic in nature,

5 /5

f

Length on the tight side =/ + /¢,

Length on the stack side =/ + /g,
. . ¥, _ peripheral speed of driven pulley

Velocity ratio = —= = — T

Vi peripheral speed of driving pulley

The penipheral speed of a pulley is to be proportional to the approaching length of belt. Thus,

DN, [+1ig
DN, T+]g
N, D l+e, D
N oDy l+g D

2]

Example 9.18  The driving pulley of an open The Young’s modulus of elasticity of the belt
belt drive is of 800 mm diameter material is 110 N/mm?®. Determine the speed lost
and rotates at 320 rpm while by the driven pulley due to creep if the stresses in
transmitting power (o a driven the tight and slack sides of the belt are found 1o

pulley of 250 mm diameter. be 0.8 N/'mm’ and 0.32 N/mm? respectively.
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Sofzt;g{:) rpl;:lirger pulley is the driving pulley, ¥, N, D [E+\/0‘7}
- D=800 rpm; d= 250 rpm Ny o d E+\/a‘._
N, D
If creep is neglected, = N. =320 % _Eﬁg 110++0.32
' : 250 | 110+ V0.8

Ny= M2 = 320x 520 = 1024 =320x3.2x0.997

or =N X 250 rpm =320x3.2%0.
= 1021 rpm
Specd lost = 1024 — 1021 = 3 rpm

18 CHAINS

A chain is regarded in between the gear drive
and the belt drive. Like gears, chains are
made of metal and, therefore, occupy lesser
space and give constant velocity ratios.
Like belts, they are used for longer centre
distances.

Advantages

¢ Constant velocity ratic due to no slip
and thus, it is a positive drive.

e No effect of overloads on the velocity
ratio,

s (il or grease on surfaces does not
affect the velocity ratio.

¢ Chains occupy less space as these arc
made of metals.

¢ Lesser loads are put on the shafts.

¢ High transmission efficiency due to no
slip.

¢ Through one chain only, motion can
be transmitted to several shafis.

Disadvantages

o Iiis heavier as compared to the belt.

o There is a gradual stretching and
increase in length of chains, From
time to time some of its links have to
be removed.

« Lubrication of its parts is required.

e Chains are costlier as compared to
belts.

The wheels over which chains are run,

corresponding to the pulieys of a belt drive,

A chain drive of a machine
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are known as sprockets. The surfaces of sprockets conform to the type of chain used. Usually, a sprocket has
projected teeth that fit into the recesses in the chain. Thus, the chain passes round the sprockets as a series of
chordal links (Fig. 9.17).

The distance between roller centres of two adjacent links is known as the pitch (p} of the chain. A circle
through the roller centres of a wrapped chain round a sprocket is called the pirch circle and its diameter as
pitch circle diameter,

Observe that a chain is wrapped reund the sprocket in the form of a pitch polygon and not in the form of
a pitch circle.

Let 7= number of teeth on a sprocket.

¢ = angle subtended by chord of a link at the centre of sprocket

r = radius of the pitch circle

. @ ) 1[360"] . 1B0°
=2rsin— =2rsin— = 2rsin
Then p=2ar B T Fs1 T
00
r= “—pl 0" - £cosec
or 2sin 2 r (9.21)

919 CHAIN LENGTH

For a given pair of sprockets at a fixed distance apar, the length of the chain may be caiculated in the same
way as for an open belt. Since the pitch line of a sprocket is a pelygon, Eq. 9.6 will give a length slightty
more than the actual length.
Let R and r be the radit of the pitch circles of the two sprockets having T and ¢ teeth respectively. Also,
let L = length of the chain
C = centre distance between sprockets = kp
p = pitch of chajn
from Eq. (9.6),

(R-r)’

L=a(R+r+ +2C

The first term in the equation is half the sum of the circumierence of the pitch circles. In case of a chain
it witl be (T + p1)/2.
Replacing R and # in the second term by

+ 2k (9.22)
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Note that the terms in the square bracket must be an integral number of pitch lengths. In case it is a
fraction, it must be rounded off to the next integral number.

'9.20 ANGULAR SPEED RATIO )

The chain is wrapped round the sprocket in
the form of a pitch polygon and not as a pitch
circle. From Fig. 9.18, it may be observed that
the axial line of the chain vibrates between
two positions shown by full and dotted lines.

Even if the sprocket rotates at an uniform
angular velocity @, the linear velocity of the
chain wili be varying from a maximum @.4C
to a minimum x4D. Thus, the magnitude of
the speed variation is the ratio of the distances AC o 4D, The variation in the chain speed also causes a
variation in the angular speed of the driven sprocket. However, by increasing the number of teeth on the
sprocket, the magnitude of the variation in speed may be minimized.

It can be shown that at any instant, if the line of transmission cuts the line of centres at @, the angular
velocities of the two sprockets will be in the inverse ratio of the distances of their centres from O, i.e,,

Fig. 9.18:

o o4
w, OB
The variation of @, will be between
04 4
ay—— and @

1l [
OB OB

Thus, at any instant, the angular velocity of the driven shaft would be changing.

Example 9.19  The center-to-centre distance k=C/p=0600/00418 = 14.342
between the two sprockets of
a chain drive is 600 mm. The 180° 180° }
chain drive is used to reduce L=p|T+r (cosec 7 OseeT ]
the speed from 180 rpm to 90 3 + yy: + 2k

rpm on the driving sprocket has 18 teeth and a
pitch circle diameter of 480 mm. Determine the

(i) number of teeth on the driven sprocket Jo+18 "
(ii) pitch and the length of the chain 2
N T = 0.0418 180° 180° Y
Solution (i) 2 -1 cosec - Cosec m
v 72130 PITYRYD +2x14.342
or Ty=T—L=18x—=3 XA
i N, [
i 1 80° 1RO° = 0.0418 x (2? +0.569 + 28‘684)

(iy p=2rsin T :2x0.24xsin-—%- =235 m

=0.0418 m or 4].8 mm
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. % CLASS!FICATION OF CHAINS

Chains have been classified
into hoisting chains, conveyor
chains and power-transmission
chains. Each type has been
discussed below:

1. Hoisting Chains

Hoisting chains include oval- .
link and seud-fink chains. An :¥ig. 9.19%;
oval-link chain is a common
form of hoisting chain [Fig. 9.19%(a)). It consists of oval links and is also known as coil chain. Such chains
are used for lower speeds only.

Figure 9.19(b) shows a stud-link chain. This does not link or tangle easily.

2. Conveyor Chains

Conveyor chains may be of detachable -

or hook-joint type [Fig. 9.20(a)], ——+“— -—
or of the closed-end pintle type :

[Fig. 9.20{b)]. The sprocket teeth are
so shaped and spaced that the chain
should run onto and off the sprocket
smoothly and without interference. (@) ) )]
Such chains are gsed for low-spefed ';Fig. 92&\

agricultural machinery. The material ' v

of the links is, usually, mailcable cast iron. The motion of the chain is not very smooth.

’;;,‘l‘m&_

3. Power Transmissions Chains — e

These chains are made of steel in which © (O e)l(@; O)N¥
the wearing parts are hardened. They are
accurately machined and run on carefully (@) Za]
designed sprockets.

These are of three types:

(i) Block Chain This type of chain [Fig.
9.21(a)] is mainly used for transmission of
power at low speeds. Sometimes, they are
also used as conveyer chains in place of
malieable conveyor chains,

AEIELTETSS '
<4

ANDOOORDIANT

%

()

(if) Roller Chain A common form of a
roller chain is shown in [Fig. 9.21{b}]. A ) .
bushing is fixed to the inner link whereas %fig 9 -2¥§

the outer jink has a pin fixed to it. There is '

only sliding motion between the pin and the bushing. The roller 1s made of a hardened material and is free

* iR
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to tumn on the bushing. Figure 9.17 shows this type of chain in place on the sprocket. A good roller chain is

guieter and wears less as compared io a block chain.

see

(iii) Silent Chain (Inverted Tooth Chain) Though roller chains can run quietly at fairly high speeds, the
silent chains or inverted tooth chains are used where maximum quietness is desired.

Silemt chains do not have rollers. The links are so shaped as to engagc directly with the sprocket teeth. The
included angle is either 60° or 75° [Fig. 9.21(c)].

10,

11.

12.

13.

14.

Power is transmitted from one shaft to another by
means of belts, ropes, chains and gears.

. Belts, ropes and chains are used where the distance

between the shafts is large. For small distances,
gears are preferred.

Belts and ropes transmit power due to friction
between them and the pulleys. If the power
transmitted exceeds the force of friction, the belt
or rope slips over the pulley.

. Belts and ropes are strained during motion as

tensions are developed in them.

. Owing to slipping and strairing action, belts and

ropes are not positive type of drives, i.e., their
vetocity ratios are not constant.

. The effect of slip is to decrease the speed of the

belt on the driving shaft and to decrease the speed
of the driven shaft.

. A belt may be of rectangular section, known as a

flat beit or of trapezoidal secticn, known as a V-belt.
in case of a flat belt, the rim of the pulley is slightly
crowned which helps to keep the belt running
centrally on the pulley rim.

The groove on the rim of the pulley of a V-beit
drive is made deeper to take the advaniage of the
wedge action. The belt does not touch the bottom
of the groove.

A multipte V-belt system, using more than one
belt in the two pulleys, can be used to increase the
power transmitting capacity.

An open-belt drive is used when the driven pulley
is to be rotated in the same direction as the driving
pulley and acrossed-belt drive wheninthe oppasite
direction.

While transmitting power, one side of the belt is
more tightened (known as tight side) as compared
to the other (known as slack side).

Velocity ratio is the ratio of speed of the driven
pulley to that of the driving puliey.

Usual materials of flat belts are leather, canvas,
cotton and rubber.

S Summary

15.

16.

17.

18.

1g9.

20,

21,

22.
23.

24,

25,
26,

V-belts are made of rubber impregnated fabric
with angle of V between 30 to 40 degrees.

The matertals for ropes are cotton, hemp, manila
or wire,

The main types of pulleys are idler, intermediate (or
countershaft), loose and fast and guide.

Law of belting states that the centre line of the
belt when it approaches a puiley must lie in the
mid-plane of that pulley. However, a belt leaving
a pulley may be drawn out of the plane of the
pulley.

The length of belt depends only on the sum of
the pulley radii and the centre distance in case of
crossed-belt drive whereas it depends on the sum
as well as the difference of the pulley radii apart
from the centre distance in case of open-belt drive,

A cone pulley has different sets of pulley radii to
give varying speeds of the driven shaft.

The ratio of belt tensions when the belt is on the

T
point of slipping on the pulleys, - =¢e"® for flat
belt drive, [

L "9 fory-pelt drive

F3
Power transmitted is, P= (T, - T,) X v
The centrifugal force produces equal tensions on
the two sides of the belt, i.e., on the tight side as
well as on the slack side. It is independent of the
tight and slack side tensions and depends only on
the velocity of the beit over the pulley.
For maximum power transmission, centrifugal
tension in the belt must be equal to one-third of
the maximum allowable belt tension and the belt
should be on the point of slipping.

T +T

1 Z

Initiat tension in the belt isgiven by, T, =

o

As more length of belt approaches the driving
pulley than the length that leaves, the beit slips
back over the driving pulley. This slip is known as
creep of the belt,
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10.

11.

12,

13.

14.

15.

16.

17.
18.

19.

. What are different modes of transmitting power

from ane shaft to another? Compare them.

. Discuss the effect of slip of beit on the pulleys on

the velocity ratio of a belt drive.

. Name the materials of the flat belts, V-belts and

ropes.

. What do you mean by crowning of pulleys in flat-

beit drives? What is its use?

. What are different types of pulleys? Explain

briefly.

. Explain the following:

(i) Idler pulleys

(ii) intermediate pulleys
(i) Loose and fast pulleys
{iv} Guide pulleys

. Define and elaborate the law of belting.
. Deduce expressions for the exact and approximate

lengths of belt in an open-beit drive.

. What is meant by cross-belt drive? Find the length

of belt in a cross-belt drive.

Where do we use cone (stepped) putleys? Explain
the procedure to design them.

Derive the relation for ratio of belt tensions in a
flat-bett drive.

T
Derive the relation, ?1=e‘“9 for a flat-belt drive

with usual notations.

Deduce an expression for the ratio of tight and
slack side tensions in case of a V-belt drive.

What is the effect of centrifugal tension on the
tight and slack sides of a belt drive? Show that it
is independent of the tight and slack-side tensions
and depends only on the velocity of the belt over
the puliey.

What is the effect of centrifuga! tension on the
power transmitted?

Derive the condition for maximum power
transmission by a belt drive considering the effect
of centrifugal tension.

What is meant by initial tension in a belt drive?
What is creep in a belt drive?

A motor shaft drives a main shaft of a workshop by
means of a flat belt, the diameters of the pulleys
being soc-mm and 8oe-mm respectively. Anather
pulley of 600 mm diameter on the main shaft drives
a counter-shaft having a y50-mm diameter pulley. Iif
the speed of the motor is 1600 rpm, find the speed
of the countershaft neglecting the thickness of the

Exercises

20.

21

22.

23.

24,

25.

belt and considering a slip of 436 on each drive.
(737.3rpm)
Two pulleys on two shafts are connected by a flat
belt. The driving pulley is 256 mm in diameter and
runs at 150 rpm. The speed of the driven pulley is
to be go rpm. The belt is 120 mm wide, 5-rnm thick
and weighs 1000 kg/m3. Assuming a slip of 2%
between the belt and each pulley, determine the
diameter of the driven pulley. Alsc, find the total
effective slip.
(403 mm; 3.96%)
The pulleys of two paraltel shafts that 8 m apart
are 600 mm and 8oo mm in diameters and are
connected by a crossed belt. Itis needed to change
the direction of rotation of the driven shaft by
adopting the open-belt drive. Calculate the change
in length of the belt.
(Sharten the belt by 6o mm)
Determine the diameters of the cone pulley joined
by a crossed belt. The driven shaft is desired to
be run at speeds of 6o, go and 120 rpm while
the driving shaft rotates at 160 rpm. The centre
distance between the axes of the two shafts is 2.5
m. The smallest pulley diarneter can be taken as
150 .
{150 mm and 400 mm; 198 mm and
352 mm; 236 mm and 314 mm)
Design a set of stepped pulleys to drive a machine
from a countershaft running at 300 rpm. It is
needed to have the following speeds of the driven
shaft: 140 rpm, 280 rpm and 220 rpm. The centre
distance between the axes of the two shaftsisgm.
The diameter of the smaliest pulley is 300 mm. The
two shafts rotate in the same direction.
{300 mm and 642 mm; 354 mm and
590 mim; 400 mm and 545 mm})
A countershaft is to be driven at 240 rpm from a
driving shaft rotating at 100 rpm by an open-belt
drive. The diameter of the driving puliey is 480 mm.
The distance between the centre line of shafts is
2 m. Find the width of the beit to transmit 3 kW
of power if the safe permissible stress in tension is
15 Nfmm width of the belt. Take ti=0.3.
(134 mm)
A casting having a mass of 100 kg is suspended
freely from a rope. The rope makes 2 turns round a
drum of 300 mm diameter rotating at 24 rpm. The
other end of the rope is pulled by a man. Calculate



26.

27.

28.

29.

30.

the force required by the man, power to raise the
casting and the power supplied by drum run by a
prime-maover. Take y = 0.3,
{226 N; 3.668 kW, 3.613 kW)
Aleather belttransmits 10 kW fromamotor running
at 600 rpm by an open-belt drive. The diameter of
the driving pulley of the motor is 350 mm, centre
distance between the pulleys is 4 m and speed of
the driven pulley is 180 rpm. The belt weighs 1100
kg/m? and the maximum allowable tension in the
belt is 2.5 Nfmm?. it = 0.25. Find the width of the
belt assuming the thickness to be 10 mm. Neglect
the belt thickness to calculate the velocities.
{73.8 mm)
Two pulleys mounted on two parallel shafts that
are 2 m apart are connected by a crossed belt
drive. The diameters of the two pulleys are 5oo mm
and z40 mm. Find the length of the belt and the
angle of contact between the belt and each pulley.
Alsa, find the power transmitted if the larger pulley
rotates at 18o rpm and the maximum permissible
tension in the belt is goo N. The coefficient of
friction between the belt and pulley is 0.28.
{5.23 m, 201.4°, 2.658 kW)
Determine the maximum power that can be
transmitted through a flat belt having the following
data:
X-section of the belt = 300 mm x 12 mm
Ratio of friction tensions = 2.2
Maximum permissible tension in belt = 2 Nfmm?
Mass density of the beit material = 0.0011 g/mm3
(64.46 kW)
A V-belt weighting 1.6 kg/m run has an area of
cross-section of 750 mm?. The angle of lap is 165"
on the smalier pulley which has a groove angle
of 40°. it = 0.12. The maximum safe stress in the
belt is 9.5 Nfmm?. What is the power that can be
transmitted by the beit at a speed of 20 m/s?
(82.485 kW)
Aleather belt transmits 8 kW of power from a puiley
that is 1.1 m in diameter running at 200 rpm. The
angle of tap is 160° and the coefficient of friction
between belt and puiley is 0.25. The maximum
safe working stress in the belt is 2.2 Nfmm?. The
thickness of the belt is 8 mm and the density of

31

32

33

34.

35

-

leather is 0.001 g/mim3. Find the width of the belt
taking centrifugal tension into account.

(78.6 mmy;
A rope drive transmits 40 kW at 120 rpm by using
15 ropes. The angle of lap on the smailer pulley
which is 300 mm in diameter is 165°. Coefficient of
friction is 0.25 and the angle of groove is 40°. The
rope weighs (50 X 107%) G2 kg per metre length of
rope and the working tension is limited te 0.14 G* N
where G is the girth {circumference) of rope in mm.
Determiné™the initial tension and the diameter of
each rope.
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(903.8 N; 34.2. mmy)
The smaller pulley of a flat belt drive has a radius
of 220 mm and rotates at 480 rpm. The angle of lap
is 155°. The initia} tension in the belt is 1.8 kN and
the coefficient of friction between the belt and the
pulley is 0.3. Determine the pawer transmitted by
the belt.
(15.3 kW)
A rope drive uses ropes weighing 1.6 kg/m length.
The diameter of the pulley is 3.2 m and has 12
grooves of 40° angle. The coefficient of friction
between the ropes and the groove sides is 0.3
and the angle of contact is 165°. The permissible
tension in the ropes is 870 N. Determine the speed
of the pulley and the power transmitted.
{B0.3 rpm, 86.18 kW)
A man wants to lower an engine weighting 380 kg
from a trolley to the ground by using a rape which
he passes over a fixed horizonta! pipe overhead.
The man is capable of controlling the motion with
a force of 200 N or less on the free end of the rope.
Find the minimum number of times the rope must
be passed round the pipe if 4= 0.22.
{2.1turns)
A chain drive is used for speed reduction from
240 pm to 110 rpm. The number of teeth on
the driving sprocket is 22. The centre to centre
distance between two sprocketsis 540 mm and the
pitch circle diameter of the driven sprocket is 480
mm’. Determine the number of teeth on the driven
sprocket, pitch and the length of the chain.
(48, 32.6 mm, 2.21.m}



Introduction

Gears are used to transmit motion from one shaft to another or between a shaft and a slide. This is accomplished by
successively engaging teeth,

Gears use no intermediate link or connecter and transmit the motion by direct contact. In this method, the surfaces
of two bodies make a tangential contact. The two bodies have either a rolling or a sliding motion along the tangent at
the point of contact. No motion is possible along the common normal as that will either break the contact or one body
will tend to penetrate into the cther.

If power transmitted between two shafts is small, motion between them
may be obtained by using two plain cylinders or discs | and 2 as shown in
Fig. 10.1, If there is no ship of one surface relative to the other. a definite
motion of | can be transmitted to 2 and vice-versa. Such wheels are termed
as friction wheels. However, as the powcer transmitted increases, slip occurs
between the discs and the motion no longer remains definite.

Assuming no slipping of the two surfaces. the following kinematic
relationship exists for their linear velocity:

V, = Oy = 07y
2N =2aN. ry

@w _ N _n
ar . = A = p (10.1)
where N = angular velocity (rpm)

@ = angular velocity (rad/s)
r = radius of the disc

Subseripts | and 2 represent discs | and 2 respectively.

The relationship shows that the speeds of the two Jiscs rolling together without slipping are inversely
proportional to the radii of the discs.

To transmit a definite motion of one disc to the other or to prevent slip between the surfaces, projections
and recesses on the two discs can be made which can mesh with each other. This leads to the formation of
teeth on the discs and the motion between the surfaces changes from rolling to sliding. The discs with teeth
are known as gears or gear wheels.

It 18 to be noted that if the disc | rotates in the clockwise dircction, 2 rotates in the counter-clockwise
direction and vice-versa.

Although large velocity ratios of the driving and the driven members have been obtained by the use of
gears, practically, it is limited to 6 for spur gears and 10 for helical and herringbone gears. To obtain large
reductions, two or more pairs of gears are used.




