BRAKES, CLUTCHES
AND DYNAMOMETERS

6.1 INTRODUCTION

Brakes are the devices that reduce the speed of @ moving muachine component by absurbing energy. The
energy thus absorbed is converted Into heal and relessed into the atmosphere or absorbed in another medium.
Clutches are the devices 1o engage or disenguge two rotating machine components as and when desired.
Dynamometers, on the ather hand. are the devices 1o meastre the power developed by o prime mover. In this
chapter. we shall study these devices fronn the point of view of machine theory.

6.2 BRAKES

Brakes can be classified as follows:

1. Block or shoe brake 2. Band brake

3. Band and block brake 4. [mternad expandig shoe brake

6.2.1 Biock or Shoe Brake
These brakes may be classitied as:
I. Single block or shoe brake
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2. Pivoted block or shoe brake
3. Double block or shoe brake

Single block or shoe brake A stngle block brake is shown in Fig.6.1(a) when the force of friction
passes through the fulcrum of the lever. When the angle of contact of the block on the brake drum is smatl
(< 60°), then the normal pressure between the block and the drum can be assumed to be uniform.

-—— h — —
R
s /7 Laever
p)
. Block
o F -
¥
P
Fulcrum Brake
‘ drum
{a)
Fig.6.1 Block brake
Pb
Normal force between the block and drum. R=-—-
il
. . . wPb
Tangential braking or frictional force on the drum, F = R = ——
a
Ph
Braking torque, T, = Fr= pror 6.1y
a

where r is the radius of the drum.
When the brake drum is moving on the rails or road with speed v and the braking distance is s, then

_uPb-s

Work done against friction = F -5

Kinetic energy lost = — mv 4~ - Jo?
gY

where m = mass of brake drum
{

@ = angular speed of drumn

moment of inertia of brake drum

For the conservation of energy, we have

Pb.s 1 . 1
“ 5:-‘mv‘+5-1w2 (6.2)
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1. If the frictional force F is above the lever fulcrum by a distance ¢, as shown in Fig.6.1¢{b), then

P-h=Ra+F.c

R-a+ukR ¢

Riag + e
Fh

or R= —— (6.3)
a + o

We find that the frictional force helps in applying the brake. Such a brake ts called self energizing brake.

2. If the fulcrum is above the frictional force # by an amount ¢, then

P-b+F.c = R-a
P-h

fia — pc)
P.b
or R= — : (6.4)
a— We
Ifa < pc, then P will be zero or negative, i.e. no external force will be required to apply the brake. Such
a brake is called self-focking type of brake.

Pivoted shoe brake When the angle subtended by the shoe at the drum centre is more than 60° then
the normal pressure is lesser at the sides than at the centre. In such a case (Fig.6.2), consider an element of
the block between ¢ and ¢ + dg.

!,._ ..... [ .
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Fig.6.2 Pivoted shoe brake

Let & = width of the drum
r = radius of the drum

p = normal pressure between the block and the drum



192 Theory of Machinas

Area of the drum element, dAd = brd¢
Normal force on the drum. dR = pbrde
Vertical component of normal lorce = phrdgcosg
th
Total normal force. R = brf peoso de
—H
Frictional force on element of the block = uphr de
Resisting torque on the drum. dT = upbr- d¢
4t
Total torque, T = ,um'3 [ pde
H

Normal wear is proportional to the product of normal pressure and rubbing velocity. The compenent of
wear in the direction of apphed force P is proportional to cos ¢b. Hence, normal pressure is also proportional
1O COS b,

Let p=kcosg

where £ 15 the constant of proportionality. Then

|t
R = brk f cos” ¢ dep
<,
bri(26 + sin 28)

4

va
T = jubkr- f cos ¢ dep
= Zptbkr: sinf
Eliminating k, we get
4££_R R, sin®
28 + sin 24
Equivalent coefficient of [riction.
41 sind

lg= ——————
Me =50+ sin29

Double-shoe brake A double-shoe brake is shown in Fig.6.3. It consists of two brake shoes applied
at the opposite sides of the brake drum which more or less elimmnate the unbalanced force op the shaft due to
normal reaction. Frictional or braking torque is given by,

Ty = (Fy 4 Frar {6.6)

where £ and F, are the frictional forees on the left and right side shoes, respectively, and r is the radius of
the brake drum.
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Y R

Fig.6.3 Double-shoe brake
Assuming frictional forces passing through the fulerums of the levers, we have

Pria + 1
Fr= ulk = pofar o) Ha + b
o
H Pla+b)

[}

F. = uR,

When the frictional force is not passing through the fulcrums, then

Prla+ b+ Fie = Ra

or Piia+b)+ puRir = Ra
ot R = EL‘&‘.*L’)
a— pc
Pria+ b
g o BPath)
a - jc
and Pla+b) = Roa+ Fre=Rea+ pce
Pila+h
of g = farh
a + pe
F. = el “it”?
4+ pc

6.2.2 Band Brake
The band brakes may be classified as: (a) Simple-band brake, and (b) Differemial-band brake.

Simple band brake A simple band brake is shown in Fig.6.4(a). Let T} and 7> be the tensions on
the tight and slack sides, respectively. Taking moments about the fulerum, we have
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Pb = Tya. for counter-clockwise rotation of drum
= Ta. for clockwise rotation of drum
H
Also — = expud)
L
Braking torque on the drum, Ty = (7 — To)r {6.7)
P
. ]
*I‘ P ! S ,_|
b e -
{a) Simple band brake {b) Differential band brake

Fig.6.4 Band brake

Differential band brake The differential band brake is shown in Fig.6.4(b). Taking moments about
the fulcrum, we have

Pi+ Tha = Tb, for counter-clockwise rotation of drum

or Pl = Thb—Ta (6.8a)
Pi+ Tha = Tb. for clockwise rotation of drum
or Pl = N6 — Da (6.8h)

For a self-locking brake, P < 0, therefore, for counter-clockwise rotation,

T b

—- > — 6.9

T~ a (6.9a)
and for clockwise rotation,

I 4 (6.9b)

h b '

T exp ()

7 exp(u

6.2.3 Band and Block Brake
The band and block brake is shown in Fig.6.5(a).

Let T, = tight side tension in the band on the first block
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T; = slack side tenston in the band on the first block

|

slack side tension in the band on the nth block

= angle subtended by the block at the drum centre

{b} Forces on block 1

Fig.6.5 Block and band brake

The forces acting on the first block are shown in Fig.6.5(b). Resolving the forces horizontally and

vertically, we get

(T —T,)cosd
(71 + T,y sin#
h-T, »
or Co
T+ T,
Ty
or —
T
T
Similarly -5}
Ty
TH
Tn—l
T,
Hence —
?!f
Braking torque, Ty

= uR

R

i

1+ ptan@
l—utaﬁ
1 4 petan @
1 — petan@
1+ utané
]—ntail“a
1 4+ ptand "
[l — tan@] ©10)
(T, —Tor (6.11)

6.2.4 Internal Expanding Shoe Brake

The internal expanding shoe brake is shown in Fig.6.6. The shoes are pinned at O; and O-. The shoes are

kept in non-braking position by the spring,

_ The brakes are applied when the cam is pressed down, in the case of a mechanically operated brake, or
when the shoes are pressed on the brake drum, in the case of a hydravlically operated brake.
Consider a small element BC of the shoe between # and 8 + 46.

Let r = radius of the brake drum
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b = width of the brake lining
p = normal pressure between the shoe and the drum
Pmax = maximum intensity of normal pressure
F| = force exerted by the cam on the leading shoe
F7 = force exerted by the cam on the trailing shoe

e = distance between the fulcrum O and O.

Cam

shoe _..--- Trailing

Leading . _____T_.
: shoe
|

Fig.6.6 Internal expanding shoe brake

It 15 assumed that the pressure distribution on the shoe is nearly uniform. The shoe turns about point ;.
Therefore, the rate of wear of the shoe lining at Bwill be proportional to the radial displacement of that point.
The rate of wear of the shoe lining varies directly as the perpendicular distance trom Oy w0 OB, i.e. O,A.

Now QWA =00 sinf = asindg
Normal pressure at B,

p o< osing

or P = Pmax siné
Nermal force acting on the element,

dR = Normal pressure x Area of the element

pbrdf = pruysint - brég
Friction force on the element.

SF = -8R =  pmax - sin - brép
Braking torque due to the element about O,

8Th =8F -1 = ppmax br-siné - 86
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Total braking torque about O,

4

Th = MpPma hf:fﬁil’l() de
)

HPmas br? (cos th — cos )

It

Moment of the normal force § B about the fulcrum O.
sM, =48R - O1A=38R-00 sinty =38R -asind
Total mement of normal force about the fulcrum Oy,
fix
My = pra b -r-a f sin® @ de

th

fix

"It - cos 26
= Puax - P-F-d —3 dé

)

(Puax - B -7 - 4a) [9 — sin29:|'q:
3

2

-

)
— (.-"7m.1 __)_f {f! . [(HI — Hl) + ( ) . (SII] 28] — %in 282)]

2 2

Moment of frictional force 8 F about the fulcrum &y,

My = &F AB=8F(r —ucosfl)
= UPma SI0H - brAG - (Fr — q COsH)
= JiPmax - brirsing — a sin @ cos ()86
= Upmax - br (r sinf — “ “2 ZH) el
Total moment of the frictional force about the fulerum O,

fh

. asin 2H
M; = Upmas -brf rsin — 5 | e

)

= [iPma - Pr ]:—r cost + eos 20 Tl
t
= UPmax - Pr [r(cos th —coséh) + (%) (cos 28 — cas 26, )]
For the leading shoe. tuking moments about the fulcrum Q).
Flod=M,— My
and for the trailing shoe, taking moments about the fulcrum On,

1..2 = M" + Mf.
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(6.12)

(6.13)

(6.14)

{6.15)
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6.2.5 Braking of a Vehicle

Consider a vehicle going up an inclined plane with acceleration a. as shown in Fig.6.7. To stop the vehicle,
let brakes be applied to all the four wheels.

Fig.6.7 Brakes applied to a vehicle going up the inclined plane

Let Fa = pR, = braking force applied at the rear wheels
Fp = pRy = braking force applied at the front wheels
R,y. Rg = normal reactions at A and B
W = weight of the vehicle
f = height of the C.G. of the vehicle from the ground level
! = wheel base (6.16)

Resolving the forces parallel to the plane, we have

W
H(Rs+Rg)+ Wsine= — -« (6.17)
8
Resolving the forces perpendicular 1o the plune, we have
Ra+ Rp =Wceoso {6.18)

From {6.18), we get
Rg=Wcosao — Ky

Taking rmoments about G. we have

UIRAs+ Rp)h+ Ra-x = (Weosa — Radl — x}
uWheosa + Ralx +1—x) = W({ — x)cosa

[ —x — ph
Ry = Wcose __f_[__.ﬁ&]
:l— I —x — uh
Rg = Wceosa #{l
oy + ph
= Wcosu ! !,u ii
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From (6.17). we have

W
pWeose + Weine = — -a
g
or t = g{pcosw +sina)

{a) When the vehicle moves on a level track, then o = 0, and
a =g
{b) When the vehicle moves down. then
o = g{pcoso — sino}
(c) When brakes arc applied to rear wheel only, then

_pgt - yjcosa
‘= I+ ph

T gsing

Use the positive sign for going up and the negative sign for going down the plane.

On a level track,
el —x)
a =
f+ ph
{d) When brakes are apptied to front wheels only. then
| pgyrosa

a= — & gsine
I~ uh 5

Use the positive sign for going up the plune and the negative sign tor going down.

On a level rack,
Hex
(L
| — ph

Example 6.1

(6.19}
(6.2(h

(6.21)

(6.22)

(6.23)

{6.24)

(6.25)

A bicycle and rider of mass 120 kg are travelling at a speed of [5 kim/h on a level road. The rider applies
brake to the rear wheel which is 0.9 m in diameter. How far will the bicycle travel before it comes to rest?
The pressure applied on the brake is 100 N and coefficient of friction between the hrake and the cycle rim is

0.05. Assume that no other resistance is acting on the bicycle.

B Solution )
Frictional for, F=pR=005%x100=5N

Let s = be the distance travelled after the bicycle comes o rest. ino metres
Workdone = F x y = 5-5 Nm

Kinetic energy of the wheel. neglccting rotational encrgy.

4
= - U

Pd| == P2

3600
Hence. 5y = 1041.67
5 = 20833 m

15 x 1000Y°
% 120 x (xi) — 1041.67 Nm
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Example 6.2

A double-shoe brake (Fig.6.8) is capable of absorbing a torque of 500 N m. The diameter of the brake drum
15 300 mm and the angle of contact for cach shoe is 90°. The coefficient of friction between the brake drum
and the lining is 0.35. Find {a) the spring force necessary to set the brake and (b) width of the brake shoes.
The bearing pressure on the lining material is not to exceed .25 MPa.

; .'P; Pr-. Q i
i
260 mm
i
|
'
RI+ I - -----T—-n- Rr
|
|
220 mm
|
' !
Fr ;
R — i
ﬁ:@} 0, 0, @rf——"/ ¥
/
Y ™ K
- o
30 30

Fig.6.8 Double-shog brake mechanism

W Solution
(1) Let £ be the spring force to set the brake. Since the angle of contact is greater than 60°, therefore. o
equivalent coefficient of friction,

448 #
g, = =7
f 26 F <in 20
4 (135 x sin45°
2x 74 sin%

0.385

H

Taking moments about the fulcrum Oy, we have

P x 480 = R, x 2204 F. x (150 - 30}

Fy
(_ ) x 220 + F, x 120 = 691.428 F,
0.385

or £, (1.694 P,

Now taking moments about O, we have

Fi
480 50 -3 = 220 = )
Pr > 480+ F; x (150 ) Ry x (0.385) % 22
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Fr = 10633 P
Let the spring force. FF=P =P
Torque capacity of the brake, T =(FhH~F)r
15000 = (1.0633 4+ 0.694)P x (1|50
P = 56905 N
(by Let & be the width of the brake shoes in mm.
Projected bearing area for one shoe. Ap = bh-2rsinf

= h(2 x 1508in45°) = 212.1 b mm*
F, 0.694 x 5690.5

R, = = = 10257.7N
0.385 0.385
Fi L0633 x 5690.5
Ry = — = X0 6716 N
0.385 0.385

The normat force is maximuom on the fefi-hand side shoe.

_ 15716.1
0.25 = —
2121 4
or _ H = 2964 mm

Exampie 6.3

A simple band brake. as shown in Fig.6.9. is used on a shaft carrying a flywheel of mass 450 kg. The radius
of gyration of the flywhee! s 300 mm. and runs at 320 rpm. The coefficient of friction is 0.2 and the brake
drum diameter is 250 mm. Find (a) torque applied due to a hand load of 120 N, {b) the number of turns of the
wheel before it ts brought to rest and (¢} the time required to bring it to rest from the moment of application
of the brake.

e 100mm e - :
[ 3N

150N

Fig.6.9 Simple band brake mechanism
W Solution
{a) Angle of contaci, f} = 210° = 3.6632 rad

7= exp () = exp (0.2 x 3.6652) = 2.08
2
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Taking moments about the fulcrum €. we have

Tr = 100 = {50 x 300

> = 450N
T = 936N
Torgue applied., Ty = (1 — T r = (936 — 4503y x 0.125
= 6{1L.75 Nm
| I
(b) Retational kinetic energy of the wheel = - fo”
] 3
=3 mK* -’
| ) 320\°
= 2450 x 0.5 < | 27 x —
2 60
= 631655 Nm

Energy used to overcome the braking torque = 2ani),
= 27 x 1 x 60.75
= 381.7# Nm
= 031655

or n = 165
n
(5)
2 x 165

= = 1.{331 min or 61.87 5
320

() Time required to bring the wheel to rest =

Example 6.4

A differential band brake shown in Fig.6.10., has an angle of contact of 225°. The band has a lining whose
coefficient of friction is (0.3 and the drum diameter is 400 mm. The brake is to sustain a torque of 375 N m.
Find ia} the necessary torce for the clockwise and counter-clockwise rotation of the drum and (b) the value
of OA for the brake to be self locking, when the drum rotates clockwise.

500 mm : o

[2Xo)

Fig.6.10 Differential band brake mechanism
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B Solution
1. Force required

(a) Clockwise rotation of the dram 1 0.3 x 7 x 275
-,E = expiuf) =exp (T) = 3248
T, = (N -T)r
33 = (N -T) x0.2
T —T = 1875 N
T = 2709 N, T, =834N

Taking moments about the fulcrum O, we have
Px300+ 7 x40 = Tr x {50
P x53004+2700 x 40 = 834 x i50. P =46.7TN
tby Counter-clockwise rotation of the drum
Taking moments about O, we have
P x500-+ 71230 = T x 150
P x 500+ 834 x 40 = 2790 x 150, P =9037N
2. For the brake to be self-locking, P = {). For clockwise rotation of the drum,
x40 = T x DA
2709 x 40
834

OA =

= 12992 mm

Example 6.5

A band and block brake, with 15 blocks, each of which subtends an angle of 15°. is applied to a drum of | m
diameter, as shown in Fig.6.11. The drum and the flywheel mounted on the same shaft hus a mass of 1500 kg
and a combined radius of gyration of 50 mm. Find (a) maximum braking torque. (b) angular retardation of
the drum and {¢) time taken by the system to come to rest from the rated speed of 380 rpm.The coefficient of
friction between the drum and the blocks can be tuken as (023,

300 N
H

800 - -

Fig.6.11 Band and block brake mechanism
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B Solution

(4) The braking torquc will be maximum when the drum rotates counter-clockwise and the force P isupwards.

Taking moments about &, we have

300 x 800 + Ty = H)
15T~ — 4T,

T

T2

157 —~ 4 x 2.6857>
4.2671>

T

1

Braking torque, T

s x (50
24000

| + ptane]”
I —ptan &

1 +0.25 x 1an 7.5°
[ I —0.25 x 1an 7.5°
24000
24008
56338 N
15126.76 N
(i — Toye = (1512676 — 5633.8) x (0.5
4744 Nm

15
} = 2.685

(b} Let « be the angular returdation of the drum

T
4744

w

{c) Let ¢ be the time taken to come to rest

Initial angular speed. o

Final angular speed, @

[£20)

Example 6.6

la = mK: o
1500 x (054 -«
t2.65 rad/s”

2 x 380
——— = 39793 rad/s
60
0
wp — ot
39.793
coo—e == 3 )5y
12.65

An external expanding shoe brake is shown in Fig.6.12. The coefficicnt of friction may be taken as 0,35, and
the braking torque required is 25 N m. Calculate the force P required to operate the brake when the drum
rotates {a) clockwise and (b) counter-clockwisce.

B Solution
{a) When drum rotates clockwise,

Mitmax - 07 r {cos ) —costh)
0,35 x pyux b x 0.]22 (cos 30% - cos 150M)
2863.84

[
35

Total braking torque,

Pmax P
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Brake drurn

Lining

Shoe -

Fig.6.12 External expanding shoe brake mechanism
Total moment of the normal force about the fulcrum 0.

My = 05pmux bra[{B» —81) + 0.5 (sin 26| — sin 2th) |

150 — 30) x 7
— 0.5 x 286384 x 0,12 x .08 | . . 020X T
180 + .5(s1n 60)° — 510 300°)y

= 40.695 Nm
Total moment of friction force about the fulcrum &,

My = pipmay briricost| - costh) +0.25 aicos 202 — cos 201)]

0.35 x 2863.84 x 0.12{0.12(cos 30° - cos 150°) + (.25 x 0.08(cos 300° — cos 60°)]
25 Nm

Total moment = M, + M; = 65.695 Nm

Tuking moments about Oy, we have

P x 016 = 65.695
P = 4106N

{(b) When drum rotates counter-clockwise, taking moments about Oy, we have

Px016 =M, —M; =15695
P =98N

Example 6.7

A vehicle moving on a rough plane inciined at 15° with the horizontal at a speed of 40 knv'h has a wheel base
of 1.8 m. The centre of gravity of the vehicle ts 0.8 m from the rear wheels and 0.9 m above the inclined
plane. Find the distance travelled by the vehicle before coming to rest and the 1ime taken to do so when the
vchicle is moving (a) up the plane, and (b) down the piane.The brakes are applied (o all the four wheels and
the coefficient of friction is (1.45.
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B Soluticn
{(a) For the vehicle moving up the plane,

A o = gl cose —sina)
= 9.81{0.45 x ¢cos 157 + sin [57)
= 6.8 m/s’
_ o ()
Distance travelled, S = 5 =TT 6%
= 92078 m
Final velocity of vehicle, o= utal
(3 = 11.11 —6.8¢
t = 1.03«

{b) For the vehicle going down the plane,

d = glpcosw —sing)
= 081045 x cos 15" — s 157%)
= 1.725 m/s*

Wy g,
YT T« 1728 70T m
VT
= gl = 6445
] 1.725

Example 6.8

The wheel base of a car is 3 m and its centee of gravity is 1.2 m ahead of the rear axle and (.75 m above the
ground level. The coetficient of triction between the wheels and the road is 0.5. Determine the maximum
deceleration of the car when it moves on a tevel if the braking force on all the four wheels is the same and no
wheel slip oceurs.

W Solution
(a) When slipping is imminent on the rear wheels (Fig.6.13).

-l — %
Ry = W {’__!fi_i}

{
—0. 5 — 1.
- W {3 USX_:”__IE} = 0475 WN

FatFg = W
¢

Now Fa= Fg and Fq=uR;

2uRy = W

or 2x0.5% 0475 W = W
q

I

=
= T
)

3

=

4

(]

14
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Fig.6.13 Forces on the vehicle

(b} When slipping is imminent on the front wheels,

= [
05x075+1.2
= W[ o0 WN
. . Wu
Fa+ Fa =
£
Now Fa = Fg and Fp=puRy
Ry = W
or 2% 05x 0525w = ¢

£
]
o = S 15 mfs

6.3 CLUTCHES
The friction ctutches may be classified as follows:
I. Plate for disc) clutches

(a) Single plate clutches

(h) Multiple plate cluiches

2. Cone ¢lutch

6.3.1 Single Plate Clutch
Consider a single plate clutch as shown in Fig.6.14.
Let r(.rz = inner and outer radii of the plate respectively
p = intensity of axial pressure on the plate

W axial load on the clutch

p# = coefficient of friction between the friction surfaces and the plate

T = torque transmiited by the clutch
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Plate
= ] i
] - r2
bl o 1 &
Ir‘I
el T
w
2] -
= — i
Friction
surfaces

Fig.6.14 Single plate clutch

Consider an elementary ring of the triction surface ot radius r and thickness dr.

Contact arca of the friction surfuce. dA = 270 dr

Axial force on the ring. dW = p . dAa

Frictional force on the ring, dF = p - dW

Frictional torque on the ring. ATy = dF -r =2t p- ¥ dr

(a) Uniform pressure
When the pressure is uniform over the entire area of triction surtace, then the intensity of pressure.

p= 53

Total frictional torque on the [mictional surlace,

" 2 __2 3 3
Py = 2mpuxn | rodr = E:’r,up £ =

N .3 3
2 Nl
= (1) uW | 5 (6.26)
3 r =
- N
. . . . Lad Ll
Mean radius of friction surflace, f (q) . ---:;-—-——L (6.27)
y £y —ry
{b) Uniform wear
For uniform wear, the intensity of pressure varies inversely with the distance, therefore
'ﬂ - = (‘
C
or p= —
,
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Force acting on the ring, dw = 2meodr =273C - dr

Total force acting on the friction sorface, W = /EHC cdr = 2aC (ra—ry)
"

ar C = W

2_71' lr2 — 1)

Frictional torque on the ring, ATy = 2mp - C v - dr

Total trictional torque on the friction surface,

T; = 2mpe Cfr cdr=mwp-C (122 — flz)
I}
. .
= aw'" f & (6.28)
(R} )
g = — 3 (6.29)

6.3.2 Multiple Plate Clutch

Multiplate friction clutches are used where space is o hmitation, as in the cise of scooters, eic.

Let ) = number of plates on the driving shalt
s> = number of plates on the driven shafl
Then., number of pairs of contact surlaces. no=n +m—|
Total frictional torque transmitted, T = npuWr,
6.3.3 Cone Clutch
Consider a cone clutch as shown in Fig.6.150a).
Let ri.r» = inner and outer radii of the frictional conical surface

Py = normal pressure between the contact surfaces
b = width of the conical surfaces
£ = coelficient of friction between contact surfaces
o = semi-cone angle.
Consider an elementary ring of the conical surface of radit r and r + dr and of length d7, as shown in

Fig.6.15(h).
df =dr - cosecw

Area of the ring, dA =27y Al = 2xr - dr - cosec
(1) Uniform pressure
Norma] load acting on the ring. dW, = p, - dA

Axial load acting on the ring. dW = dW, -sinw =2npy, -r - dr
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Friction lining

/ @ ’/ -
Driving shaft ™ /] Driven shaft

b} Forces on cone

Fig.6.15 Cone clutch

Total axial load transmitted to the ¢luwch,
[
) I
W = 2mp, [; ~idr = wpy, (r-_; - "f)
"
W

or 3, == .
S )
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Frictional force on the ring. dF = p-dW,

Frictional torque, dTy = dF r =2mp - p, -coseca - ridr
ra

Total frictional torque. Ty = 2w - py - cosec o f re o dr

Fl

) SITHL - Py - COSEC (r-j - r?)

I V)

(2' rf—rf’
= —)v;.xw-coseca S
3, ry —ri

= uW.r, coscca

th) Uniform wear

For uniform wear, py-r =C

C
or M= —

-
Normal load on the ring, dWw, = p,-d4a
Axial load on the ring, dW = dW, -sine=p, - 2xr-dr =2xC - dr
Total axial load on the clutch. W = 2n( f dr =27xC (ra — rp)

i
c W

or =

Imira—r)
Frictional force on the ring, dF = p-dW,
Frictional torque on the ring. dfy = dF -r = 2apupy, -cosecu r*odr

= 2l -cosec o - r - dr

Frictional torque on the clutch, Ty = 2ruC - cosec o [ r-dr

I"|
- 2 al
= miuC - cosec o (;u_? — "f}

(ry +r2)

= puWrcosec
2

= uWryoosee o

+rn

Fy . .
where r,, = " is the mean radius.

The frictional torgue can also be written as,
Tr=2mp-py-b- rm
Axial force required to engage the clutch,

W, W+ W, cose

t

W, sing + W, cosa

W isino + pt Ccosor)

211

(6.30a)

(6.30b)

{6.31}

(6.32)

(6.33)
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Example 6.9

A single plate clutch, with both sides effective, has inner and outer diameters of friction surface 250 mm
and 350 mm respectively. The maximum intensity of pressure is not to exceed 0.15 MPa. The cocfficient of
friction is 0.3. Determine the power transmitted by the clutch ut a speed of 2400 rpm for () uniform wear

and for (b) uniform pressure.

W Solution
.1 For uniform wear, Ti=n-nuW.r,
250+ 350
Fun — e = I3 mm =10.13m
4
it o= 2
C = pr =015 % 125 = 18,75 N/mm
W o= 2aC (ra —ry) == 27 5 18750175 — 1255 = 580048 N
Ty 2 x 0.3 x 580048 x (.15 =: 530.14 Nm
2400
_ Trw (E'T T )
Power transmitted. P o= - KW == 53014 5 & -
1000 1000
13324 kW

¢{h) For uniform pressure, r,

Power transmitted, P

Example 6.10

(3‘) rs = (3) 175% — (257
3, ,_1:‘_,,13 13 1752 — 1252

= 1314 mm
W =

T (rg .'lj) P

= 7(175° - 1257) x .15 = 7068.58 N

U Wr,

= 2% 0.3 x 7068.58 x 151 4 < 1O~

642 | Nm
Do g 20
2 {
642.1 x (—- .._“—)
1000
161,38 kW

A plate clutch has three discs on the driving shaft and o dises on the driven shaft, providing four pairs
of contact surfaces. The inside and outside diameters of the friction surfaces are 125 mm and 250 mm
respectively. Assuming uniform pressure and coetlicient of friction equal to 0.3, find the total spring load
pressing the plates together to transmil 30 KW at 1500 rpim.

B Solution

Power transmitted,

P _ T_lf iy ]

1000

Ty o= [Err X %)
A = 7

000
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30 % 1000
(30 X600 _ 190,086 Nm
(27 x 1500)

(2) 3=
o — — ‘:‘, -y
30

2 125% — 62.5°
— V| ==y === 87.2 mm
3/ 11250 — 6250

Ty = nuWr,
(90986 = 4 x 0.3 x W x 0.0972
W = 16374N

Example 6€.11

An engine developing 50 KW at 1200 rpm is fitted with a cone ¢lutch. The cone angle is 12” and a maximum
mean diameter of 500 mm. The cocfficient of friction is .25, The normal pressure on the cluteh face is not
toexceed 0.1 MPa. Determine {a) the axial spring force to engage the clutch, and (b) the face width required.

B Solution
Tf{.l')
() P o= —— kW
1000
) (2m 0 0

50 = - — .
1000

7, = 397.9Nm
= 4 W,ory =0.25 x W, x 0.25
W, = 6366.4 N

Axial spring force required 10 engage the clutch.

W, = W,(sing + jtcosu)
6366.4(s5in 12° + 0.25¢0s 12%)

If

= 28805N
(b) W, = pp-larmh
. 2880.5
Face width, h = —— " = IR3mm

0.1 x 27 % 250
6.4 DYNAMOMETERS
The two types of dynamometers are:
{. Absorption dynamometers, and 2. Transmission dynamometers.

6.4.1 Absorption Dynamometers

In these type of dynamormeters, the entire power produced by the prime mover is absorbed by the frictional
resistance of the brake and is transformed mio heat. during the process of measurement. The absorption type
of dynamometers can be classitied as: fa) Prony brake dynamometer and (b} Rope brake dynamometer.
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Prony brake dynamometer The prony brake dynamometers is shown in Fig.6.16. 1t consists
of two wooden blocks placed around a puliey fixed to the shafl of the prime mover, whose power is to be
measured. The blocks are clamped by means of two bolts and nuts. A helical spring is provided between the
nut and the upper block to adjust the pressure on the puliey to control its speed. The upper block has a long
lever attached to it and carries & weight W at its other end. A counter weight is placed at the other end of the
lever which balances the brake when urloaded. Two stops § are provided to limit the motion of the lever.

& Nut - e i -
’. 1
e t=— Spring
L S—— -=:=‘-
- g |
fe— B i S
= = , Lever L
— pm— ' i
]J St
Counter- |1, ops
weight
»
Wooden w
blocks

T ]

Pulley

Fig.6.16 Prony brake dynamometer

When the brake is to be put in operation, the long end of the lever is loaded with suitable weight W
and the nuis are tightened until the prime mover shaft runs at a constant speed and the lever is in horizontal
position. Under these conditions. the moment due to the weight W must balance the moment of the frictional
resistance between the blocks and the pulley.

Moment of the frictional resistance, Ty = WL=FR
Work done per minute = 2aNT;
2rNT 2rNWL
Brake power. BP = A " (6.34)

60 % 1000 60 x 1000

Rope brake dynamometers The rope brake dynamometers is shown in Fig.6.17. 1t consists of
one or more ropes wound around the flywheel or rim of the pulley, fixed rigidly to the shaft of the prime
mover. The upper end of the ropes is attached to a spring balance while the lower end is kept in position by
applying a dead weight. In order to prevent the slipping of the ropes over the flywheel, wooden blocks are
placed at intervals around the circumference of the flywheel.
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Spring
batance

Woodan
block

Rope X

Puliey
Section XX

Wooden
block

Fig.6.17 Rope brake dynamometer

Puring operation of the brake, the prime mover is made to run at a constant speed. The frictional torque
duc 1o the ropes must be equal o the torgue heing transmitted by the prime mover.
Let W = dead load on the rope
§ = spring balance reading
= diameter of the pulley
d = diameter of the rope
N = speed of the pulley

Work done per minute (W -Sin(D+diN

(W —5)x 1D+ N

B.k; er. BP:_ e 7KW 635
ruke power 60 x 1000 { )

6.4.2 Transmission Dynamometers

Inthese type of dynamometers, the encrgy is used for doing work. The power developed by the prime mover
is transmitted through the dynamometer Lo some other machine where the power is suitably measured. This
type of dynamometer can be classified as tollows:

t. Epicyclic train dynamometer

2. Belt trunsmission dynamometer

3. Torsion dynamometer.

Epicyclic train dynamometer The epicyclic train dynamometer is shown in Fig.6.18. It consists
aof a simple epicyclic train of gears: a spur gear, un annular gear and a pinion. The spur gear is keyed 10 the
engine shaft and rotates in counter-clockwise direction. The annular gear is also keyed to the driving shaft
and rotates in clockwise direction. The pinion meshes with both the spur und annular gears. The pinion
revolves freely on a lever which is pivoted 10 the commen axis of the driving and drivea shafts, A weight w
is placed at the smaller end of the lever tn order (o keep it in position.
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2P
s
P
[y
Pinion
Lever Stops

, , e

) |
- - — - -

w
Sour gear
- L -

Annular gear
Fig.6.18 Epicyclic gear train dynamometer

Let P be the force between the pinion and the spur gear and the annular gear. Then the total upward force
on the lever through the axis of the pinion is 2. This force is balanced by a dead weight W at the other end
of the lever. The stops control the movement of the lever.

For the equilibrium of the lever, tuking moments about the fulcrum, we have

IP.a = WL
p Wi
or -
2u
Torque transmitted, T = PR
where R = pitch circle radius of the spur gear.
2aNT aNPR

Power transmitied, BP

T 60 < 1000 60 x 1000

Belt transmission dynamometer A belt transmission dynamometer, as shown in Fig.6.19.
consists of a driving pulley A, rigidly fixed to the shaft of the prime mover. Theré is another driven pulley 8
mounted on another shaft to which the power from putley A is trunsmitted. The pulleys A and B are connected
by means of a continucus helt passing round the two loose pulleys € and D, which are mounted on the lever,
pivoted at £ The lever carries a dead weight W at the one ¢nd and at the other end a balancing weight is
attached. The total force acting on the pulley O is 27y und on the pulley 275. Taking moments about the
fulcrum E, we have

2NL =2ha+ WL
Wie

et

of h—TH =
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Brake power developed,

DON(T - T-
BP:F—(I )

60 x 1000

kW (6.30)

Driving --

puliey Aﬁ\

5 4 I
= ' TT1 L
pulley ! 2y B |
Tt i ? tTi
Lever c*;er ‘=[- IT1D i Lever
4 . i ; [}
P S T . f/-o\ 4 1/;\.1._. L > Stops
- ST A T
Balance 21, b 1| i27
z1 1 1
Intermediate w
Fulcrum b pulley

'Fig.6.19 Belt transmission dynamometer

Torsion dynamometer A torsion dynamometer is used to measure large power developed by a
turbine or marine engines. The 1orque developed by a shaft of diameter d. length /, and modulus of rigidity

GLis :
GJ
T = ( )9 = kt}
i
where # = angle of twist of the shaft.

Therefore, the torque acting on the shaft is proportional to the angle of twist.
By measuring the angle of twist. the power developed by the machine can be measured.

2aNT

P developed, = — kW 6.37)
ower develope 0 % 1000 {6.37}

A large number of torsion dynamomelers are used to measure the gngle of twist. We describe below the
ilash light dynamometer.

Flash light dynamometer The principle of the flash light dynamometer is shown in Fig.6.20. It
consists of two discs A and 8 fixed on a shaft at a convenient distance apartl. Each disc has a small radial slot
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and these two slots are in the same Line when no power is tansnitted and there is no torque on the shaft. A
bright cicctric lamp behind the dise A is fixed on the bearing of the shaft. This lamp is masked having a slot
directly opposite 1o the slot of dise A, AL every revolation of the shaft, a tlash of light is projected through
the slot in the dise A towards the dise 8 in u direction parallel to the shaft. An eye piece 1s fitted behind the
disc B on the shaft bearing and i capable ol shght circumferential adjustment.

When the shafl does not ransmit any torque, o flash ol light may be seen atter every revolution of the
shaft, as the positions of the slat do not change relative to one unother, as shown in Fig.6.20(b). When the
torque is trarismitted. the shatt twists and the slot in the dise B changes its position. though the slots in the
lamp. disc A, and eye picce are still in line. Due to this. the light does not reach the eve piece. as shown in
Fig.6.20{c). If the eye picee is now moved round by an amount equal 1o the fag of the disc B. then the slot in
the eve piece will be vpposite to the slotin dise B, and henee the eyve piece will receive flash of light. The eye
piece 1s moved by operating a micrometer spindle and hy means of scale and Vernier. the angle of twist may
be measured upto 171001 of a degree. Tor the measurement of varisble torgue, the dises A and 8 should be
perforated with slots arrunged in the form ol a spiral.

Dises _
+ lit
: d
- - R (U
A Shaft )
(a)
Lamp Flash of Light Eye piece
) s . ,
i ________-_:—-__-_‘_____h ﬂ
T
1E

(b} Zero torque

@%(:%5_“ JZJHJS ﬂ

{c} Shaft supplies torque

Fig.6.20 Flash-Light dynamometer

Exercises

1 Inasingle biock brake. the drum dizuneter is 300 mim, tiwe angle of contact s 907, and the coefficient of
friction between the limng and the drom s 0,30, It the operating force is 400 N, applied at the end ot a
lever 400 mm long, determine rhe torgue transmitted by the brake. The distance of the fulcrum trom the
centre of the brake drum is 200 mm and assame that the force of friction passes through the fulcsum,
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In a double shoe bruke, the diameter of the brake drum is 330 mm and the contact angle for each shoe is
[20°. The coefficient of triction for the brake lining and drum is (135, Find the necessary spring force
to transmit a torque of 40 N m. The distance of the centre of brake drum from the tulcrum and spring is
250 mm and 300 mn, respectively.,

A simple band brake is operated by a lever of length 450 mni. The brake drum has a diameter of 600 mm
and the brake band embrices 5/8th of the circumicrence. One end of the band 1s attached to the fulerum
of the lever while the other end is attached to a pin on the lever 120 mm trom the fulerum. The effort
applicd 1o the end of the lever is 2 kKNLund the coefticient of friction is (.30 Find the maximum braking
torgue on the drum.

In the differential band brake, shown in Fig.6.4(b), the diameter of the drum is 900 mm, and the coefficient
of friction between the deuns and the band is (0.3 The angle of contact is 240°. When a force of 650 N 1y
applied at the free end of the lever. find the maximum and the minimum force in the band and the torque
which can be applied by the brake. Take ¢ = 120 mm. 5 = 100 mm, and {/ = 500 mm.

A vehicle is moving on a level track ata speed of 40 kin/h. B centre of gravity lics ata distance of 0.6 m
trom the ground level. The wheel base is 2.4 m and the distance of the C.G. from the rear is | m. Find
the distance travelled by the vehicie betore coming to rest when brakes are applied {a} to the rear wheels,
(h) to the from wheels, and (¢) to all the Tour wheels, The coefticient ol friction between the tyres and
the road surface is 0.40.

A single plate clutch having both sides efiective is required to transmit 45 kW at 1500 rpm. The outer
diameter of the plate is limited to 300 nun and the intensity of pressure between the plates s not to exceed
(.07 MPa. Assuming oniform wear and a coefticient of friction €.35. determine the inside diameter of
the plate. '

A multiplate clutch has three paics of contactsurfaces. The outer and inner radii of the contact surfaces are
150 mm and 80 mm respectively. "The maximunt axial spring force is limited to 0.9 kN and the coctticient
of friction is 0.3, Assuming unifornt wear find the power transmitted by the clutch at 1500 rpm.

A cone clutch with cone angle 257 is to ransmit 8 AW at 750 . The normal intensity of pressure
between the contact faces does not exceed 0015 MPa. The coetficient of friction is 0.25. 1f fuce width
is 175 of mean diameter. (d (a) the main dimensions of the clutch, and by axial force required while
running. Take dj/fdx = 2.

A torsion dynamometer is fitted on a turbine shalt to measure the angle of twist. It is observed that the

shaft twists 27 in a length of 5 m at 500 rpur. The shaft is solid and has a dismeter of 250 mm. 1f the

modulus of rigidity is 84 GPa, lind the power transmitted by the tirhine.

Explain the following:

(a) Working ot a raibway vacuum brake

(b) Differentiate hetween absorption and transmission dynamometers and give the constructional and
operational details of any one of absorption dynumometey.

A single plate clutch is required to transmst 220 kW at 6000 rpm. FThe clutch facings available provide

P . . - - . . Al .

4 coetticient of friction of 0.25 and the average pressure is o be linted o 75 KN/m=. Determine the

dimensions of the working surface ol the cluteh plate it its maximum dimension is not ta exceed 160 mm

due to space restrictions.

State clearly the assumptions made and derive the formuali used.
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State the difference between a clutch and a brake as well as a brake and a dynamometer. What are the
two main classes of dynamometers? Give one example of each class and explain the operation of one of
them. It is required to measure the actual power developed by a hydraulic turbine after it was installed.
The turbine was connected to a generator whose rated capacity was 50 MW, How will you measure thc
output power of the turbine?

In a winch the rope supports a load W and is wound round a barret 450 mm diameter. A differential band
brake acts on a drum 800 mm diameter which is keyed to the same shaft as the barrel. The two ends of
the band are attached to pins on opposite sides of the fulcrum of the brake lever and at distance of 25
mm and 100 mm from the fulcrum. The angle of lap of the brake band is 250° and coefficient of friction
is (L.25. What is the maximum load W which can be supported by the brake when a force of 750 N is
applied to the lever at a distance of 3 m from the fulcrum?

An automobile is travelling aleng a curved track of 200 m mean radius. Each of the four road wheels
have a mass of 80 kg with a radius of gyration of 0.4 m. The rotating parts of the engine have a mass
moment of inertia of 10 kg m?. The crankshaft rotates in the same direction as the road wheels. The gear
ratio of engine to the back wheels is 5:1. The vehicle has a mass of 3000 kg and its centre of gravity is
0.5 m above the road level. The width of the track of the vehicle is 1.5 m. Calculate the limiting speed
of the vehicle around the curve for all four wheels to maintain contact with the road surface.

A differential band brake. under certain conditions can provide self-locking, Where does this facility
find applications?

A differential band brake has a force of 220 N applied at the end of a pedal as shown in Fig.6.21. The
coefficient of friction between the hand and the drum is 0.4. Angle of tap is 180°.

(a) Whatis the maximum torque the brake may sustain, for a counter-clockwise rotation, when the force
applied at the pedal is 220 N?

(b) If a clockwise torque of 450 N m is applied to the drum, determine the maximum and minimum
force in the band.

T

220 N
i
fo) '
. 60 120 . !
- o 240 =

Fig.6.21 Differential band brake mechanism
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A single plate clutch. effective on both sides. is required 10 transmit 25 kW at 3000 rpm. Determine the
outer and inner diameters of frictional surface if the cocfficient of friction is 0.255, ratio of diameters
is 1.25 and the maximum pressure is not to exceed 0.1 N/mm=. Also determine the axial thrust to be
provided by springs. Assume the theory of uniform wear,

An automobile single plate clutch consists of a pair of contacting surfaces. The inner and outer diameters
of friction plate are 120 mm and 250 mm respectively. The coefficient of friction is 0.25 and the total
axial force is 15 kN. Calculate the power (ransmitting capacity of the plate clutch at 500 rpm using
fa} uniform wear theory. and (b) uniform pressure theory.

The semi-cone angle of a cone clutch is 12.5° and the contact surfaces have a mean diameter of 80 mm.
The coefficient of friction 1s .32,

{a) What is the maximum torque required 1o produce slipping ot the clutch for an axial force of 200 N?

{b) What is the time necded 1o attain the full speed.

(c) the encrgy lost during slipping. Motor speed is 900 rpm and the moment of inertia of the flywheel
is 0.4 kgm®.

(d) What are the considerations in the selection of plate clutches and cone clutches?

A single plate friction cluteh has the {ollowing data:
Power developed = 30 kW
Speed = 2400 rpm
Axial load = 160N
Outside diameter = 300 mm
Coefficient of friction = 0.32
Overload = 10%

(a) Determine the inside diameter of the clutch plate for its both sides effective and assuming uni-
form wear.

(b} The moment of inertia of rotating parts attached o driven shaft is 2.5 kg m= and average torque is
805 of maximum torque. Determine the time lapse before the engine attains the full speed, if the
clutch 1s suddenly applied.

A machine is driven from a constant speed shaft rotating at 270 rpm by a disc friction clutch having both
sides effective. The moment of incria of rotating parts of the machine is 4.5 kg m?. The diameters of
friction plate are 250 mm and 150 mm and the axial pressure applied is 0.075 MPa. Assuming uniform
pressure and coefficient of friction 10 be 0.25, determine the time required for the machine to attain full
speed when the clutch is suddenly engaged. Also determine the energy supplicd during clutch slip.

A crane is required to hold a load of 100 kN. This load i attached to a rope wound round the crane barrel
which is 450 mm in diameter. The brake drum which is fixed to the barrel shaft is 608 mm diameter.
The band embraces 3/4th of the circumference of the drum and the coetficient of friction between the
band and the drum is 0.35. The brake is 10 be applied by a hand lever ubove the drum and the operating
force acting vertically downwards must not exceed 500 N. Find suituble length of lever on both sides
of fulcrum, assuming that one of the bands is attached to the fulerum pin directly. Figure 6.22 shows
the drum. .
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£=500N

Brum

v W=100kN

Fig.6.22 Crane

22 The power of a turbine is to be detcrmined by observing that angle of twist of a 6 m long shaft at 320
rpm was 2°. The solid shaft has a diameter of 200 mm and modulus of rigidity 84 GPa. Neglecting the
end thrust, determine the power of the turbine.



CAMS

7.1 INTRODUCTION

A cam s a rotatng or g reciprocating element of @ nwechunisim which imaparts rotating. reciprocating or
asciltating motion o another element called tollower, There is Tine contaet between the cam and the follower,
ane theretore it forms a higher paic. Cams wre vsed i clocks, printing machines, automatic screw cutling
machines. inernal combustion engines For aperating the valves, shoe making machines ete. In this chapter.
wo shall study the various types of planae canes Trom the point of view ol drasing their profile and motion

analvsis,

The planar cams can be clussified as:

Radial or disc cams  In these cams, the tolloscer reciprocates or oscillales iy a direction perpendicular to
the cam axts [see Fig. 7. Had]. These cums can be reciprovaling, tangent or circidar iype.

Cylindricat cams  In these cams the tollower reciprocates or oscillates in a ditection paraltel 10 the cam
axis see Fig 7.00hy].
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]
—

Follower

-—

Follower

Cylindrical
cam

Rotation =

Raller

{b) Oscillating cam

Cylindrical
cam
Ll

T - Follower

‘Motion.

{c) Reciprocating cam

Fig.7.1 Type of cams

Followers can be classified based on:
1. The surface in contact—knife edge. roller. flat-faced (or mush room) and spherical-faced follower |see

Fig.7.2(a)-(g)].
2. The motion of the follower—rcciprocating or translating, oscillating or rotating follower.

3. The path of motion of foilower—radial and off set follower



Cams 225

{a) Knife-edge follower {b) Roller follower (¢} Flat-faced (plain/mushroom)  (d) Spharical-faced
follower follower {mushroom)

cw = Offset

{e) Offset follower {f) Oscillating follower {g) Translating follower

Fig.7.2 Types of followers

7.3 CAM NOMENCLATURE

Figure 7.3 shows a radial cam with reciprocating roller follower. The following terms need to be defined in
reference to planar cams:

Pressure angle B
" . Common
Y normal | @
Direction of =~ & % 41 T [
) N _ —+. .. Trace point
follower motion N /‘//—‘T‘ - o
Prirne circle
Pitch point  ~-—>"
Cam angle - -~
Cam profile --..
. 7 Piteh curve
Base circle L

Fig.7.3 Cam nemenclature
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Base circle The base circle is the smallest cirele that can be drawn to the cam profile from the centre
of rotation.

Prime circle  The prime circle is the smaliest circle drawn to the pitch carve from the centre of rotation of
the cam.

Pitch point  The pitch point is a paint on the pitch curve hiaving the maximum pressure angle.
PFitch circle  The pitch circle is the circle drawn through the centre and pitch point.
Trace point The trace puint is a reference point on the [ollower and is used 10 generate the pitch curve. In

the case of a knife edge follower. it is the knite edge and in the case of a rolier follower, it is the centre of
the roiler.

Pitch curve The pitch curve is the curve generated by the trace point as the follower moves relative to
the cam.

Cam angle The cam angle is the angle turned through by the cam from the initial position.

Pressure angle  The pressure angle is the angle between the direction of the tollower motion and a normal
to the pitch curve.

Lift Lift is the maximum travel of the follewer from the lowest position 1o the topmnst pasition. [t is also
called throw or stroke.

7.4 FOLLOWER MOTION
The totlower can have tolowing type of motions:
. Unilorm velocity

2. Simple harmonic motion (SHM )

fd

Uniform acceleraton and deceleration

=

Cveloida] motion

We shall discuss these motions now.

7.4.1 Simple Harmonic Motion
Fuor the SHM shown in Fig.7.4.

Fig.7.4 SHM of follower

Let  h = litt of the follower
# = angle turned through by the crank from given datum
v = displacement of {follower



{1 — cosfh)

. Then v=0A--0B= e
1%
. dv (d.! o
Velocity, po= = --—-f—-) = ({i”) -sin#
dt (QH_) o2
o
ot
Uy, = Y

where w is the angular speed of the cam.
Uniform velocity of a particle moving on the circumnterence of a cirele

(5)(7)

ah

T

2t It

. . . . “ah e
Maximum velocity of follower during ascent = (—7) . ( H_)

P [

i w

Maximum velocity of follower during descent

. dr o h
Acceleration, o = ={ - ccos
it 2
kl
. . o Jr-
Maximum acceleration. s = 75— =
2 i
20t
Centripetal acceleration during ascent = -
i

Centripetal acceleration during descent

The motion of the follower is shown in Fig. 7.5,

7.4.2 Motion with Uniform Acceleration and Deceleration

l.et

¢ = uniform accelerarion or deceleration
dr
Then — =
ur

Integrating, we have

v =t -

where € is a constant of integration.

Cams 227

(7. 1a)

(7.1}

(7.2a)

{(7.2b)

{7.2¢)
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=

=

T

11}

o

i3

=}

<

{c) Acceleration diagram

Fig.7.5 Motion of follower moving with SHM

Hatt =0,v =0, then |, = 0. Hence

= !
dy
Now = — =at
ds
Integrating again, we have
air-
y= -— +C
2

where > is another constant of integration.
As vy =0at¢ =1, therefore (2 = (). Hence

Average velocity, Uiyg = —



2h 2hew

Maximum velocity, Viay == o during ascent
t 1
2hw .
= e during descent
3

where @ is the angle of ascent, and #3 that of descent.

: : 2vinux 1 h
Maximum acceleration, oy, = —— = 4w —

t 913

during ascent

h ]
= 40}3—2 during descent
3
The mation of the tollower is shown in 1¥ig.7.6.

7.4.3 Motion with Uniform Velocity

Let v o= ¢f
If h = follower rise
£ = angle through which the cam is to rotate to rise by /.
Then h = B
h
s0 that ¢ = -
B
he
and Vo= —
2
) h de
Velocity, vo= (— A —
B di
_ he
B

Accelerati _ (}"1) (dw)_U
cceleration, @ = | 5 )=

The displacement, velocity and acceleration are shown in Fig.7.7.

7.4.4 Parabolic Motion

Let for the first half of the motion, y be equal to ¢t/

fi i
For v= 3 g = 3
A cp? 2h
= = ar = -y
2 3 B-
PR
Hence. v = 2h (—)
B
41 f
v = dh—

2

ol
a = 4f (—) = constant
B
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(7.3a)

{7.3b}

{71.4a)

(7.4b)

(7.5)

{7.6)

(7.7)

(7.8)

(7.9)
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Fig.7.6 Motion of follower maving with unitorm acceleration and deceleration
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{a} Displacement diagram
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(b) Velocity diagram
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tc) Acceleration diagram

Fig.7.7 Motion of tollower moving with uniform speed

For velocity to be maximum, = g and

4 [
P =2 2h—

For the second half, we have kY
V=) ok et 4 et

)
Far = 8. v = frand v = 0. Also for ¢ = 2 U= Uy

Therefore. o=+ e+ ef’
0 = cre 2038

or . 0 = 1+ 2038

Cams
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(7.10)
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Hence.

[

(7.10

(7.12)

{1}

-dfi (
B

(7.13)

;

The displacement. velocity and acceleration are shown in Fig 7.8,

[

¥ = Dwell

-——

-}
f

{a) Displacement diagram

AN

.,

AN

-

fi

{b) Velocity diagram

- i}

{c} Acceleration diagram

Fig.7.8 Motion of follower moving with: parabolic motion
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Cycloidal motion
] | 2aH
H =l = =1 Ve 22 43
ere 3 ] [ﬁ (EH).m( 8 )} {(7.14)
e 2wH
vo== (F)P—-u)s(‘?—)} {(7.15)

o - . BRI ]
v e i ( ) sin ( ) (7.16)
B O

For velocity to be maximum, ¢ = (% or

2o
.\ill( ) =1
f
2aH

T
or —_— =7
f3
1
or H = f‘
z
R i7.17)
Py == 2> -
2
. . ) i
For acceleration to be maximun, sin (Zfr -1 =1.
I T
or R
B 2
i
or fl == !
4
/!
e, = e B—j (7.18)

The displacement. velocity and acceleration are shown in Fig. 7.9,
To draw the displacemient diagram. the following procedure may be adopled:
b Draw a circle of radius 8 = /27 with { as centre.
1. Divide the circle into any number of even parts (say six). Project these points horizontally on the vertical
centre line ol the cirele to locate points aand &

3. Divide the angular displacement of the cam during outstroke into the same (that is six) number of egual
parts as the circle is divided. Draw verdeat lines through these points.
4. Join CBDE. From a and b draw lincx parallel to CBDE 1 intersect the vertical lines |, 2 and 4.

5. Juin the points of intersection by a smooth curve to get the eyeloidal curve during outstroke,

7.5 PROCEDURE FOR DRAWING CAM PROFILE
The foltowing procedure may be adopted 10 draw (he cam profile:
I Dhraw the displacement diagrom for follow er motion.

2. Consider that the cam remains stationary and the follower moves round it in a direction opposite 1o the
direction of cam rotation.
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3. Draw the cam base circle and divide its ¢ircumfterence into a number of divisions depending upon the
divisions used in the displacement diagram.

4. Draw various positions of follower with dotted lines corresponding to different angular displacements
from the radius from which ascent is to commence,

3. Praw a smooth curve tangentiai to the contact surface in the different positions.

£
\ ——
|5
: - yG
o
o
=
2
a 3
|
' B £ .
; 0 5 4] R
4 1T 5 : "
y Angle of cam rotation
3 06 . i -
& ! !
_ »
) 1
Radius R = h/2r T
/ Lanax
= .
IE /
e,
g -

Acceleration

Fig.7.9 Follower moving with cycloidal motion
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Exampts 7.1

Draw the cam profile tor the data given below:

Base circle radius of cam = 50 mm

Lift = 40 mm
Angle of ascent = )"

Angle of dwell = 4

Angle of descent = 9(°
Speed of cam = 3K} rpm
Motion of fotlower = SHM
Type of foliower = knife-edge

Also calculate the maximum velocity and ucceleration during ascent and descent.

@ Solution

_ 2o 300}
Angular velocity, w = o 31.416 radfs

. . ah £
Maxtmum velocity, O ol B
I

(& “J‘_’i) 1oz
2 (%)

= LERS m/y during ascent

B (Tzh)(;_))
(2 4“_;:_'“_“) | “’_ﬂ

= 1.257 m/y during descent

I

. o NT
Maximum acceleration, [ — (-——) . (;-

. = 177.65 m/s* during ascent

(_’-Tf)z'(?i)

% 200\

i

78.957 m/s’ during descent

235
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7.5.1 Displacement Diagram

9

Draw a vertical line 0-6 equal to the litt of 40 mm,

. Draw a semicircle on this line and divide the semicirele intasix egual parts of 60° each.

. Choosing a scale of | mm = 2° mark the angles of ascent. dwell. descent and dwell as 60°. 407, 907 and

1707 respectively.

Divide the angles of ascent and descent into six equal purts und draw vertical lines at those points parallel
10 (-6,

. Draw horizontal lines rom points 0 ta 6 on the semicirele W intersect the vertical lines.

Join the points ol intersection with a smoeoth curve to get the displacement diagram.

The displacement diagram is shown in Fig. 7. 1000

7.5.2 Cam Profile

s

Draw a circle of radius equal to the base circle radius of 50 mm,

Draw angles of ascent, dwell and descent equal 1o 607, 407 and 907 respectively. Divide the angles of
ascent and descent into six equal parts and draw radial ines,

Mark points 0-6 and 6 -0 " on the base cirele in the angles of ascent and descent respectively.

Measure distances fa. 2b. 3c. 4d. 5e and 6f from the displacement diagram and cut ofl corresponding
distances on the radial lines, Repeut the same procedure during the descent.

Join the points so obtained by o sinooth curve w get the cam profile,

The cam profile has been drawn in Fig. 7. 10¢h).

7.6 RADIAL CAM WITH ROLLER FOLLOWER

A radial cam with roller follower has been shown in Fig 711 The following steps may be used 1o draw the
cum profile:

1.

2

0.

Druw the base circle.

. Draw the follower in tis 07 position, tangent (o the base cirche,
P 8

. Draw the reference circle through the centre of the follower inois O position.

Druw rudial lines from the conwre of the cam. corresponding o the vertical lines in the displacement
diagram.

Transfer displacements fa. 2b. 3. ... From the displacement diagram to the appropriate radial lines,
measuring from the reterence cirele.

Draw in the follower outtine on the various radial lines.

Draw a smooth curve tangent to these follower outlines,
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40 mm = lift

0123405686 R 5 4 3 2 1 qe00 3600

[/ Scale: t mm = 2°

{a; Displacement diagram

-—a{\ 0 Base circle

Cam profite

15 F

\«\_____1__ -
— _,_—'—'_'_'_F_‘ D
B a

{b} Cam profile

Fig.7.10 Cam with Knife-edge follower having SHM
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{a) Displacement diagram
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Follower
i
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Reference
circie

Cam profile

{b} Cam profile

Fig.7.11 Radial cam with roller follower

Example 7.2

A cam of base circle 50 mm is to operate a roller tollower ot 20 mm diameter. The follower is to have SHM.
The angular speed of the cam is 360 rpm. Draw the cam profile for the cam lift of 40 mm. Angle of ascent
= 60°, angle of dwell = 40°, and angle of descent = 907, followed by angle of dwell again. Also calculate
the maximum velocity und acceleration during ascent and descent.
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B Solution

. . 2 360
Angular velocity of cam. w = il ;{)i = 127 rad/s

. ) h® @
Maximum velociy, Urnax = (7) . (a)
B (n x 40 x 10—3) |:12:rr:|
2 (3)
2.262 m/s during ascent
(ﬂ'h\ (m
2 33)
m x40 x 1074y [ 127
ARG

i.507 m/s during descent

. . T 2 h
Maximum acceleration, Uy, = 2 ) '\
1

367 "
_ (H_ﬂ) x 0.02

N, by

Il

= 255.82 m/s” during ascent

- (%)’(z)

.
24r\>
- (Jif ”) x 0.02

T

I}

113.7 m/s” during descent

Draw the displacement diagram as explained in Example 7.1.

7.6.1 Cam Profile

[. Draw the base circle with S0 mm radius and another circle with base circle plus roller radius of 60 mm.

b2

. Draw the angle of ascent of 60°, angle of dwell of 40° and angle of descent of 90°.

Divide the angle of ascent and descent into six equal parts and draw radial lines for these angles.

bl

Cut off distances on the radial lines as measured from the displacement diagram with roller centre path
as the datum.

el

At these points, draw rolier circles.

6. Draw a smooth curve tangentizl to the roller circles to obtatn the cam profile.

The cam profile has been drawn in Fig.7.12.
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Roller foliower
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Fig.7.12 Cam with roller foliower having SHM

7.7 CAM WITH OFFSET ROLLER FOLLOWER

A cam with offset roller follower is shown in Fig.7.13. The following steps may be used to draw the
cum profile:

1. Draw the base circle.
Draw the follower in its 07 position, tangent to the base circle.
Draw the reference circle through the centre of the follower in its 0° position.

Draw the offset circle tungent o the follower centre line.

vk wp

. Divide the offset circle into a number of divisions corresponding 1o the divisions in the displacement
diagram.

oh

. Draw tangents to the offsct circle at each number,

7. Lay oft various displacements 7a, 2b. 3c. ... along the appropriate tangent lines. measuring from the
reference circle. )

8. Draw in the follower outlines on the various tungent lines,

9. Draw a smooth curve to these follower outlines.
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— -—- Follower
- —- Roller

Qffset
circle

" Base circle

" Refarence circle

Fig.7.13 Cam with offset roller follower
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B Solution

2n x 360

w= - = 127 rad/s
()

A cam operates an offset roller follower. The least radius of the cam is 50 mm, roller diameter is 30 tnun, and
offset is 20 mm. The cam rotates at 360 rpm. The angle of ascent is 48°, angle of dwell is 42°, and angle
of descent is 60°. The motion is to be SHM during ascent and uniform acceleration and deceleration during

descent. Draw the cam profile.
Also calculate the maximum velocity and acceleration during descent.
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Maximum velocity during descent with unitorm acceleration and deceleration,

2har
Viay = —u during descent
X
2 x40 x 367
= — e e = 2 B8 s
T
. . 4(1)'?!“1' )
Maximum acceleration, Gy, = —- during descent
) 10~ s
= 4 xi12m)” x M x —— = 207.36 m/s~
742
T

7.7.1 Cam Profile

A

o

. Draw the displacement diagram as shown in Fig. 7. 14a).

Draw the base circle with 50 mm radius. Draw another circle with 65 mm radius to represent the path
traced out by the roller centre.

Draw a circle 20 mm radius equal to the offsct.

Divide the angle of ascent and 1he angle of descent into six equal parts,

Draw tangents at the circumference of the offset circle at the above points.

From the circle of the path of the roller centre, measure distances from the displacement diagram along
the tangential lines.

Draw circles at these points equal to the roller radius.
Draw a smooth curve tangential o these circles to get the cam profile.

The cam profile has been shown in Fig.7. L4th).

7.8 CAM WITH SWINGING ROLLER FOLLOWER

The cam with swinging roller follower is shown in Fig.7.15. The following steps may be used to draw the
cam profile:

b

10.
1.

12

Draw the base circle.

2. Draw Lhe follower in its (° position. tangent to the base circle.
3
4. Locate points around the reference circle corresponding to the divisions in the displacement diagram and

Diraw the reference circle through the centre of the follower.

number them accordingly.

Draw a pivat circle through the tollower point.

Locate the pivot points around the pivot circle corresponding to each point on the reference circle, and
number them accordingly.

From euch of the pivot points. draw an are where radius is equal to the length of the foliower arm.

At the zero position, driw the two extreme positions of the follower lever by laying off the arc AB equal
to the maximum displacement.

Lay off the various displacements 7a. 2b. 3c. ... Along this arc.

Rotate each of the points on arc AB to its proper position around the cam profile.
Draw the tfollower outline at cuch ol the points just located.

Draw a smooth curve tangent w the follower outlines.
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6 SHM (Ascent) ; . . Uniform ac(;([:) 2sggﬁgleration
- - e e’ :
' 5. : I o
4. b |
L2, - -
) -

0 1 PX 3
ne 48° H - gpe

. ) Scale: 1 mm=1°
{a) Displacement diagrarm

---7—— - Roller radius
=15 mm

Cam .;r’_ [
profile .

{b) Cam profile

Fig.7.14 Cam with offset roller follower having SHM during ascent uniform acceleration and retardation
during descent
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Swingi.ng follower

e L B 3
‘ . : v

FR e I‘

Base circle
- ~ - Reference circie

Pivot circle
--— Cam profile

43

Fig.7.15 Cam with swinging rolier follower

Exampie 7.4

A cam is operating an oscillating roller follower having SHM. as shown in Fig.7.16, Draw the cam profile
for the data given below:

Roller centre from cam centre at beginning of ascent = 60 mm

Angle of ascent = 60°

Dwell = 43°
Angle of descent = 9"
Angle of oscillation of arm during ascent or descem = 15°
@ Solution
Length of circular are during movement of tollower arm

_ 80 x 157 20,94 '
g0 oo,

Length of chord joining the roller centre in extreme position
=2 x 80 x sin7.5° = 20.88 mm

For small angle, arc = chord. Therefore. we take displacement = 20.88 mm
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=~ 100 mm ]

Fulcrum

Roller gia -

40 mm

.- Chord
__r,—"""'-'—'-'—_f_ﬁ_{ 7.50 - 3 - Arc
80 mm

(a) (b}

Fig.7.16 Cam with cscillating raller follower

7.8.1 Cam Profile

1.

[

IR

Taking lift of cam to be equal to 20.88 o, draw the displacement diagram. as shown in Fig.7.17{a) and
explained in Example 7.1.

- Draw cam base circle with 40 mm radius, roller centre path with 60 mm radius and another circle with

100} ram radius. which is equal {0 the distance between can centre and the fulerum.

. Now OA = 60 mm and let it be a vertical line. With O and A as cenires and radii cqual to 100 mm and

80 mm respectively, draw arcs to meet ai 8. Point B represents the fulcrum position before follower begins
to ascend.

- Mark off ZBOC = 60°, /COD = 45°, and .ZDOE = 90°. Divide the angles of ascent and descent int )

six equal parts,

. With aj. by, ¢y. . ... As centers, draw arcs of 80 mm radius. From the points of intersection of these arcs

with the 60 mm radius circle, mark along the chords of the displacement arcs. distances pa, gb. rc. . ..
equal to 7a. 2b. 3c, . . . of the displacemient diagram.

- Repeat the above procedure for the angle of descent.

Join the points a. b, c. . ... To obtain the pitch profile of the cam.
From the above pitch points, draw the roller radius circles.

The envelope of the arcs of roller radius gives the cam profile.
The cam profile has been shown in Fig.7.17¢b).

7.9 CAM WITH TRANSLATIONAL FLAT-FACED FOLLOWER

A cam with flat-faced follower is shown in Fig.7.18. The following steps may be followed 1o draw the
cam profile:

L
. Draw the follower in the home position. tungent 1o the base circle.

i 12

=

Draw the base circle, which alse serves as the reference cirele in this case.

Draw radial lines corresponding to the divisions in the displacement diugram, and number accordingly.
Draw in the follower outline on the various radial lines by laying off the appropriate displacements and
drawing lines perpendicular 10 the radial lines.

Draw a smooth curve tangent 10 the follower lines.
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I y,{ T "
; : i c' . 20.88 mm
: S b
. . [ . . I . j ] ¥
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Scale: 1 mm = 2°
(a) Displacement diagram
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--- Cam profile
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/- Pitch profile gb=2b

{b) Cam profile

Fig.7.17 Cam operating on oscillating roller fellower having SHM

QA = 60 mm
OB =100 mm
AB =80 mm

if' =Bf'
je'=5e’
kd'=4d"
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Example 7.5

A cam is to operate a flat-faced follower having uniform aceeleration and deceleration during ascent and
descent. The least radius of the cum i1s 50 mm. During descent, the deceleration period is half of the
acceleration period. The ascent litt is 37.5 mm. The ascent 1s for F/4th period, dwell for 1/4th, descent for
1/3rd, and dwell for the remaining F/6th period. The cam rotates at 600 rpm. Find the maximum velocity
and acceleration during ascent and descent. Draw the cam profile.

W Solution
2
Acceleration period during descent =3 x 360 x 3= 80°
Deceleration period during descent = 4
80
Distance moved during acceleration period = 20 = 37.5 =25 mm
Distance moved during deceleration period = 12.5 mm
600
Angular velocity of cam, w = 2 x :T = 207 rad/s
¥
_ , _ 2wh 2 %201 x 37.5 x 1077
Muximum velocity during ascent, Upaxy, = —— =
t (/2)
= 3 mfs
. , , 2k 2x37.5x 180
Maximum velocity during descent, vy = — = ———
¢ (B0 x m)
= 3375 m/s
: . . sh 4% (20m) x 375 x 1077
Maximuwm acceleration during ascent = 4w — = 3
G ()
= 240 m/v
. L Umax  3.373 x 360 x 600
Maximum acceleration during descent = =
t 80 x 60

= 51.875 m/s*
Unax 3.375 x 360 x 600

¢ 40 x 60
= 303.75 m/fs”

Maximum deceleration during descent =

The velocity and acceleration diagrams are shown in Fig.7.19.

7.9.1 Displacement Diagram

I. Draw a vertical line equal to the lift of 37.5 mm and a horizontal line perpendicular 1o it, representing the
cam angle. Mark angic of ascent = 90°, dwell = 90°, und descent = [20°.

2. Divide the angle of ascent and Lift into six equal parts. Join point O with three points of intersection of
vertical and horizontal fines at poini 3. and the other three points with point £ Join the points of intersection
of these inclined lines with the vertical lines with a smooth curve.

Lk

Divide the angle of descent into two parts of 80° and 40°. Divide these angles and the lift into four equal
parts. Join the intersection of vertical and horizontal lines with ;i smooth curve. The dispiacement diagram
has been shown in Fig.7.200a).
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Fig.7.19 Velocity and acceleration diagram for a flat-faced follower having uniform acceleration and

deceleration

260°

300°

(a) Displacement diagram
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Scale: 11

{b} Cam profile

Fig.7.20
7.9.2 Cam Profile

I. Draw the base circle with 50 mm radius.

2. From the vertical line. measure angle of ascent = 90°. dwell = Y0° and angle of descent = 120°, in the
counter-clockwise direction.

3, Divide the angle of ascent into six equal parts. Divide the angle of descent into 80° and 40°. Divide 807
and 40° angles into four equal parts.

4. From the circumference of the base circle, mark distances fa. 2b, 3c. ... along the radial lines at 1. 2,
3, .... Draw perpendiculars at these points to the radial lines. Draw a smooth curve tangential to these
perpendiculars to get the cam profile.

5. Repeat this procedure for the descent.

The cam profile has been shown in Fig.7.20(b).
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7.10 CAM WITH SWINGING FLAT-FACED FOLLOWER

A cam with swinging flat-faced follower is shown in Fig.7.21. The fillowing steps may be followed to draw
the cam profile:

e S

o

L0,

. Draw the base circle, which in this case also serves the reference circle,
. Draw the follower in its home position, tangent 1o the base circle.
- Draw radial lines corresponding to the divisions in the displacement diagram, and number accordingly.

Draw the pivot circle through the follower pivort.
Locate the pivot points around the pivot circle.
Laocate the trace point on the flat face ut a rudius r from the pivoted point at zero position.

At the zero position, draw the two exireme positions of the follower lever laying off the arc AB equal to
the maximum displacement.

Lay off the various displacements. 7a, 2b. 3c. . ... Along this arc.

. Locate the trace point a relative to the cam at the interscetion of the arc of radius . centred at 1 * and the

arc la with centre O+, Establish points b. ¢, d. . .. similarly.

The first position of the flat face follower, relative (o the cam is the straight line through point a that is
tangent to the circle of radius r,, centred at | *. Construct the successive positions of follower face in a
similar manner.

. Draw a smooth curve tangent to the family of straight lines representing the foltower face.

.

e e Pivot
circle

Base circle

Cam profile

Fig.7.21 Cam with swinging flat-faced follower
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Example 7.6
The profile of a cam gives motion to the follower in such a way that it rises through 31.4 mm during 180° of
cam rotation with cycloidal motion and returns with cycloidal motion during 180° of cam rotation. Determine
the maximum velocity and acceleration of the follower during the outstroke when the cam rotates at 1800
rpm clockwise. The base circle diameter of the cam is 25 mum and roller diameter of the follower is 10 mm.
The axis of the follower passes through the cam centre.

B Solution
Stroke. h =2nR
. . . . 314
Radius of circle generating the cycloid, R = 27 = 5 mm
bre
2 1800
= T e = 188.5 radss
60
_ 2wh _ 2% 1885 x 314 397 mfs
Pma = g = a0 = T s
2rwh 27 x (1885} x 31.4 4
Umax = ﬁ3 = s ><' 160{) = 71003 m/s~

The cam profile has been drawn tn Fig.7.22.

7.11 ANALYTICAL METHODS

7.11.1 Tangent Cam with Roiler Follower
A tangent cam having a straight flank and a circular nose with a roller follower is shown in Fig.7.23.

&
‘ ; /5:/7/ T
31.4 mm
'
5 8 180°
Scate: 1:2

{a) Displacement diagram
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Scale: 1:2

{b) Cam profile

Fig.7.22

distance between cam and nose centres
least (base circle) radius of cum

nose radius

roller radius

ra+r

angle of ascent

angle of contact of cam with straight flank

= Iift of cam
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Roller in contact with the straight flank At position 8, let 8 be the angle turned through by
the cam [Fig.7.23(a)). Then

OA
Lift, ¥xy=0B—0A= —— - 0A
cos @
_ CA(]l — cos )
N cos 6
_ (r +ril :ﬁcosb’v‘) (7.19)
cos @
dx dx de
Velocity, - Z={Z}. (==
oty VT (dG) (dr)
_ —sin#
= wir +r)| —— : (7.20)
cos- &
ta) Cantact with straight flank {b) Contact with cricular Inose
Fig.7.23
Maximum velocity occurs at 6 = ¢.
- sing
Yy = w{r +r3) | ——5— (7.21)
cos= ¢
. dv dv dg
Acceleration, 4= —=|—| |
dr dé dt
2 ol
2 —cos- @
_ @ {r +r3)(1 cos” 8) (7.22)
cos f
Minimum acceleration occurs at § = (0°,
dmin = @ (F) +r3) (7.23)
OPF +r = r+h
r=0P=(ri+h —n (7.24)
Fp —r»
cosa = = (7.2%)
r
r Sino
tan¢g = (7.26)

v+ s
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Follower in contact with circular nose Referring 10 Fig.7.23(h),

Let OF = r = constant
£

2+ ry =1 = constant
OPD is a slider—crank chain in which OP is the crank, PD the connecting rod. and D the slider.
Let h=o — 8
For a slider—crank chain, the displacement from top dead centre is given by,
X=r [{l —cosé) +n - (a7 —sin” (;‘]“-5]

where n = r/l.
For the cam mechanism shown in Fig.7.23, we have

- 0.5
5y ) - -
X = r|[{] —-cost))+ RN (r_+ra,) — sin” f l
¥ r
h b bl {}'5
= r[il] —cosfh)—{-:‘—(."—r‘sin'.‘ﬁ) } (7.27)
d 18iN20 ;4 4 4 A0S

y = wa-; —w {r $in 6y + ’% (7 = rsino)) ] (7.28;

dL‘ 3
d = w— = wr|cosh +
dr

(!2r cos20) + i sint 8 )
(7.29)

(12 — r2sin? Hf}l'ﬁ

Example 7.7

The particulars of a symmetrical tangent cam operating a roller fotlower are given below:

Least radius of cam = 30 mm, roller radius = 20 mm. angle of ascent = 75°, total lift = 20 mm and specd
of cam shaft = 600 rpm.

Calculate the (a) principal dimensions of the cam (b) the equation of the displacement curve when the
follower is in contact with straight flank and circular nose and (¢) the acceleration of the follower at the
beginning of lift, where the straight flank merges into the circular nose and at the apex of the circular nose.
Assume that there is no dwell between the ascent and return.

B Solution

Here r1 = 30 mm, r3 = 20 mm, & = 75°, lift = 20 mm and & = 600 rpm.
(2} With reference to Fig.7.23, we have

OP+r; = 30420

OP = 50 —r2
0Q+r = 30
oQ = 30— r2
o0
cosg =

oP
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30 - 3
cos7y = —
50 - 1
N—r
0.35882 = —-—-=
My—ra
12941 — 0.25882 r2 = 30— >
. 17.059
Nose radius, o= TN 23 mm

Distance between the cam and nose centre,

r= OP=5)—23 =27 mm

RA _PQ _ OPsina _ 23sin75°

1 = — = —— = =
MNP = AT OA OA 50
= 044432
¢ = 23.96°

by Equatien of the displacement curve

1. When contact is with the straight flank

- ]
¥ o= (4 __——1):30+20 — =1
3 (r !'ﬂ(cosﬁ ' ( )(cosﬂ )

-
:5{)( —1)mm
CcosH

2. When contact is with the circular nose

A hl ) (}'5
X =r [{1 SocosEpy 4+ - (:’" . sin'.‘h) }

il I a t}-s
= 23 [{l —Ccosf) + {23 + 20) - (43‘ ~ 23~ sin'9|) :1

E =2 0.5
= 231 —cosH)y+43 — (1849 — 5295sin” 9|)

where #) is measured {Tom the apex position.

(¢} Acceieration of the follower
When in contact with the straight flank,

5 2. cont
@ =w {r+rml——-—
cos' A

2 x 600
— cT X o 62.83 rad/s

60

When 8 = 0°,

2 2-1
a = (62837 (0.030 + 0.020) |:—-1--} = 197.4 m/s*
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When in contact with the straight flank. ¢ = ¢.

5 2 — cos’
o = &« (F] +13) [__. ‘\_‘b_}
Cos” ¢

It

) 2 — cos” 23.96°
(62 83)70.03 + 0.02) | TSV <70
cos? 23,067

= 3013 mis”

When contact is on the circular nose.,

Al = a—¢=75—-2396=514°

) 12rcos 26| + r3sint g,
a4 = wr|cosh + - s
(17 = 2 sint o)

{}{)432 0.023 cos 102.08° 0‘0233 1 51.04°
(62.83)> x 0.023 ’:COSSI.(M" | X PIeTeos +0.023% sin ]

(0.0432 — 0,023 5in” 51.04°) I3
= 50.33 m/s’

When at apex. 6, = 0°

. : . 0.023
a = Wi [1 " '-] = (62.83)° x 0,023 | | 4 o
i 0.043

= 130.36 m/s”

7.11.2 Graphical Method for a Tangent Cam with Roller Follower

Follower in contact with the straight flank The graphical construction for the tangent cam
with rolter follower. when the follower is in contact with the straight ffank. 1s shown in Fig.7.24(a).

1. Determination of velocity
Draw BC parallel to OA, Make Z/BOC = 90°. Then v = w-OC

Proof
(004 _
In ABOCC, — = tuné#
OB
OA
— = Cosf
OB
OA - tan & sinf?
Therefore, oc = AT _ (ry +ry——-
cosf cos- &
Velocity, = 00w

2. Determination of acceleration
Produce BC so that BC = CDand BO'to E. Make ~BDE = 90°. Then, acceleration of follower is OF.
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E

{a) Follower in contact with straight flank

(b} Follower in contact with circuiar nose

Fig.7.24 Graphical construction for tangent cam with roller follower

Proof
BD
— = Ccos#
BE
BD 2BC
Therefore, BE = —— =
cosf cosf
280 BO
= —5 BC:
cos- @ cos ¢
2% OB
Again OF = BE-0OB= — - ~ 0B

e
cos-
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2 e S
- o8| -2 —1|=oa| 00
cos= 4 cosd @

2 —cosm#
={ri+r)|—-

cost @

2 > 2 —cos* B
0 = w -OE=w (¥ +r3} [ Lo ]

cost @

Follower in contact with the circular flank The follower in contact with the circular flank
1s shown in Fig.7.24(b).
1. Determination of vetocity

Draw D/ | QD meeting OP produced at {, Draw OM L ODto mee1 DPproduced at M. Then OMrepresents
velocity of the follower.

Draw DT L DM. Draw arc MT with centre Pand radius PM meeting OT.

Join TP. Draw ET L PT and EF 1. ED. Then OF represents the acceleration of the follower.

Proof
Triangles DIP and POM are similar since - I1PD =/ OPM and
£ PID =/ POM, because Diis paralle] to OM.
g 1D OM
0 T op
or by, = w- 0P und 1y =w - OM
Therefore. vy = w OM

2. Determination of acceleration

) DE
In APTD, sin:PTD = —
TP
) TP
In APTE, s PET = —
PE
Also JPTD = JPET
PD TP
Therefore — = —
TP~ PE
TP P
or PE= = _"_
PD PD

-

PM
As PM represents the velocity of PO - I8 represents the centripetal acceleration of PD. Then OPEFO

represents acceleration image of slider—crank chain OPD. where o - OF is the acceleration of roller follower.

7.11.3 Circular Arc Cam Operating Flat-faced Follower

Follower in contact with the circular flank The follower in contact with circular flank is
shown in Fig.7.25(a).
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Q

{a) Contact with circular flank

Q
{b} Contact with cir¢ular nose

Fig.7.25 Circular camn operating flat-faced follower

Let r = distance between cam and nose centers

ri = OB = least (base) circle radius of cam

ro» = nose circle radius
rv = QD = flank circle radius

o = angle of ascent

¢ = angle of contact on circular ftank

Displacement of follower, X

Velocity. Y

Maximum velocity occurs at 6 = g

Uy

Acceleration, u

Maximum gcceleration occurs at & = 0)°,

Hmax

OC-0B=DE—r
(QD -~ QB — 1y

= (3 — OQcos#) ~ ry

ry— Ay — Fiecose —
{ry—rp)il - coséy

dx dx def

dar (a};) ' (I)

(ry — Fideosinét

(ry —rlewsing

du _ (dv) (dH)
dr ~ \d# dr

X
(F3 — Fy) ™ contt

1
= (ry = Frr)e”

(7.30)

{7.31)

(71.32)

(7.33)

(7.34)
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Minimum acceleration occurs at ¢ = ¢.

Gy = (#3 = !‘|)u_)2 cos ¢ (7.35)

Follower in contact with the circular nose The follower in contact with circular nose is
shown in Fig.7.25(b}.
¥y = OC—-0B=DE-—ny

= DP+ PE— 1|
= rx+ OPcosig — #) — ry

= ra+roosio —80) —

dx (7.36

ro= we — .
de )
= wrsinje — 7) {(7.37)

Velocity is maximum when o — 6 is maximum. This happens when contact changes from the circular
flank to the circular nose. Minimum velocity occurs when o - # = 0°, that is at the apex of the circular nose.

Vinin == O (7.38)
Acceleration, @ = tw- :j—; = —wrcosla — 0) (1.39)
Maximuem acceleration occurs when o — # = 07, that is apex of circular nose.

i, = ~ T (7.40)

Minimum acceleration occurs when w --  is maximum, i.¢. when contact changes from the circular flank
1o the circular nose.

7.12 CIRCULAR ARC CAM WiTH ROLLER FOLLOWER

The circular arc cam with roller follower is shown in Fig.7.26.

cv .G

Fig.7.26 Circular arc cam with raller follower on flank
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Let R = CF = radius of flank
r1 = base circle radius of cam
r2 = nose radius of cam
ri = roller follower radius

total lift or stroke

lift at the instant the cam has rotated by an angle ¢

= semi-angle of action of cam

= Z0DC

™= e R o= o=
Il

7.12.1 Roller Follower on the Flank

Let R—r = A
R+ry; =B
CG = CDsin g = OCsin#
or (R4+r3)sinff = (R—r{)sing
or Bsin = Asind

. Ay .
sinfi = (E) sin @

5 0.5
cos i = [] - (%) sinzﬂ:l

Litk. X = AB=0B-0A=0B- OF
= (0D - 8D) — OF={DG - 0OG) - BD—- OF
= (CDcos f -} — 1y
= (R+rijcosf — (R —rideosd — (13 + 7))
= Beosf - Acosh — (B — Aj

5 \ 5 15
_ [B* - A"sin-ﬁ} —Acosb— (B~ A)

d.
Velocity, v= o (

dy ) (clﬁ
. de dr
y —(LA

= w [0.5 (B2 — A%sin® 9)

A sin 2¢
= wA | siné — (4510 26) =
2(B> — A2sin’9) -

. duv dv dy
Acceieration, a = — = - . —
di d6  di
- cosé — A cos 268 A sin? 26
= wAl- -

angle of action of cam from the beginning of rise to the point it leaves the flank

. (—2A3 sin @ cos 9) + A sin H]

(82— A%6in?0)" {4 (p2 - a2 sin? 0)"*}

(7.41)

(7.42)

{7.43)



7.12.2 Roller Follower on the Nose
The roller follower on circular nose has been shown in Fig.7.27.

rp o
/‘_7
/1':1—9)', - -

/

- ity

Cams

Fig.7.27 Roller follower on circular nose

Let PO =r+ri={0P=vr
ZPQO = B, ZPOQ = (o -- 0) = ty

_ 1= sin 28
v o= wilsinf + ——————
207 —rsin8))

17 cos 29,

a4 = |:—a"cm.‘)| —

Example 7.8

{* sin® 26,

(17 — r2sin’ (h)“'s 4{1* — rsin’ H;)lj]

263

{7.44)

{7.45)

A cam of circular arc type operates a flat-fuced follower of a four siroke engine. The exhaust valve opens 50°
before top dead centre and closes 15° after bottom dead centre. The valve lift is 10 ram, base circle radius
of cam 20 mm, and nose radius 3 mm, Calculate the maximum velocity, acceleration and retardation, if the
cam shaft rotates at 1800 rpm. Also calculate the minimum force required that must be exerted by the spring

in order to overcome the inertia of moving parts of mass .25 kg.

B Solution
50° 4+ 180° 5 15°
2y = 2 EITIT s
2
o = 61.25°
1 R0Y)

w = 21 x ——-- = |88.5 rad/s
60
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In Fig.7.28, we havc

" B1.25°-f1

Fig.7.28 Cam of circular ac type with falt-faced follower

CP = CE—EP=(0C+0G —EP=0C+20—3=0C+ 17
OP = 0D—PD=0G+R—rr=r +h—ry=20+10-3 =27 mm
CP® = OC” 4+ OP" — 20C x OPcus 118.75°
(OCH 177 = OC” 427> = 2 5 OC x 27 x cos 118.75°

OC = 55 mm
oc  or cP
sin61.25°  sing sin |18.75°
27 0C+ 17
sinf sin118.75°
~in 118.75°
sinfi = 27 % U g 30877
72
B = 19.19°

R = QOCH+r =554 =75mm
Vpax = @ {R — rpisinff == 188.5 % 0.0535 x sin 19.19° = 3.4 n/s
dmax = @7 (R —r1) = (188.5)° x 0.055 == 1954.3 m/°
Maximum retardation = = x OP = {188.5)° x 0.027 = 955.4 m/s"
Force, F =025 x9594=23984 N

Example 7.9

A flat-faced mushroom follower is operated by a symmetrical cam with circular arc flank and nose profile.
The axis of tappet passed through the cam axis. Total angle of uction is 162°, 1ift 10 mm and base circle
diameter 40 mm. Period of acceleration is half the period of retardation during the lift. The cam rotates
at 1200 rpm. Determine (a) the nose and flank radii and (b) the maximum acceleration and retardation
during lift.

B Solution 163 40
o= — =81" /1 =10mm.ry = - =2 mm, N = 1200 pm

Acceleration takes place on the flank and retardation on the nose;

$1
S =

Angle of action on the flank. ¢ = 27
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) 81
Angle of action on the nose, ¢ = 2x 7= hEN

1200
= 125.66 rad/s

= 2m x

In ACOP (Fig.7.29), we have

Fig.7.29 Flat-faced mushroom follower

CP = CE-EP=0C+0G—-EP=0C+20—r-
OFP = OD-PD=0CG+h—r=204+10—-r>=30—1r-

oc op P
sin 54° - sin 27° = \a 6‘5“

OC _ 30-rn OC+20-r
0809 0454 00877

OC = D.B190C+ 20 — )

OC = 905 — 4525
Also N —ry = 045965(0C - 20 — 1) (i)
or OC = 45267 -- 1.1756 1 {23

From (1) and (2), we get

o= 1336 mm

OC = 2957 mm

OP = 30— 13.36 = 16.64 mm
Maximum acceleration = w>0C = (125.66)° x 0.02957 = 466.95 m/s-
Maximum retardation = «>OP = (125.66)" x 0.01664 = 262.75 m/s>

Example 7.10

For a flat-faced follower & = 75°, ¢ = 40" and the cam 1s of circular arc type with vy = 30 mm, r» = 10 mm,

and ¥ = 40 mm. N = 600 rpm. Combined mass of foilower and valve is 5 kg. Calculate the spring force
required 1o close the valve.

B Solution 600
=27 x — = 6283 radfs
60
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Fig.7.30 Flat-faced foloower and cam

In ACOP (Fig.7.30} we have

CP = OC+ OG- = 0C+30— 10 = 0C+ 20

OF = yr =40 mm

CP = OC + OP° . 20C- OPcos(180° — a)
(OC+ 20 = OC 4 40° — 2 < OC x 40 x cos 105°

OC = 62.17 mm

Al the start of the nose, acceleration, 4, = —w xr cosle -- ¢h)
= —(62.83)7 x (.04 x cos(75° — 40°)
= —129.35 m/s”

At the top of the nosc. acceleration, ¢, = —w® X r
= —(62.83)° x 0.04 = —157.9 m/s”

Spring force required to maintain contact berween the follower and cam.
F=m-a, =5x157T9=78Y 5N
Acceleration at beginning of the flank,

agp = W x OCcos ¢

= (62.83)> x 0.06217 x cos0°
245 /s’
W % OCcos ¢
= 162.83)7 x 0.06217 x cos40°
= 188 m/s”

Acceleration at the end of the flank. «,.,

Force required to stop the acceleration of 188 m/s= and decelerate at 129.35 m/s”,

F=m (a(,;- — a_‘,,] = 5{188 4+ 129.35) == |586.75 N
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7.13 RADIUS OF CURVATURE AND UNDERCUTING

There s no restriction on the radius of curvature of the cam profile. with a knitc-edge foltower. The cam
profile must be convex everywhere for a flat-fuce follower. In the case of a roller tollower. the concave
portion of the cam profile must have a radius of curvature greater than that of the roller to ensure proper
contact along the cam profile.

To determine the pitch surface of a disc cam with radial roller follower, fet the displacement R of the
centre of the follower from the centre of the cam be given by (Fig.7.31)

Pitch
surface

Fig.7.31 Disk cam with radial roller foliower

where R, = minimum radivs of the pitch surface of the cam
J16) = radial motion of the lellower as a function of cam angle.
Once the value of R, is known, the polar coordinates of the centers of the roller follower can be generated.

7.13.1 Kloomok and Muffley Method

Let £ be the radius of curvature of the pitch surface

R\ be the radius of roller

These values are shown in Fig.7.32 together with the radius of curvature g, of the cam surface. Here, o
15 held constant and K, is increased so that p. decreases. [ this continued until R, equals p, then g, will
be zero and the cam becomes pointed as shown in Fig.7.33(a}. As R, is turther increased, the cam becomes
undercut as shown in Fig.7.33(b). and the motion of the follower will not be as prescribed. Therefore, to
prevent a point or an undercut from occuring on the cam protile, R, must be les than oy, where pnin 1s the
minimum value of p over the particular segment of profile being considered. 1t is impossible 1o undercut a
concave portion of & cam.
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Cam

Fig.7.32

Cam surface

{a) Pointed cam

surcace surface

Pitch

Cam and ritch surface

Cam surface

{b) undercut cam

Fig.7.33 Undercutting in cams

The radius of curvature at a point on a curve can be expressed as:

p:
2]

where R = f(¢).

Here Fi{t
dR
do

d°R
g2
Hence g

[

I:Rg + (%)’]
()]

= fig)
= f6)

= £

B [;‘i’3+|,{"((9))3]§T
. [R: +2{/ 1) — RIS "'(0}1]

(747
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For a convex cam surface. Ry = roin
Far concave cam surface, o+ B2 Roer
i1 dR
Pressure angle, « = tan R (7.48)
R dft .

7.13.2 Pressure Angle
The pressure angle is one of the most important parameters in cam design. By increasing the size of the cam,
the pressure angle can be reduced.

Consider a4 cam with offset roller follower, as shown in Fig,7.34.

£
b~

Pitch curve
»
Cam profile
Contains 23 and 24
4 =14 atx

Contains 14 and 24

Fig.7.34 Cam with offset roller follower

Let « = pressure angle

ry = prime circle radius
¢ = offset
y = fit)

# = angie of cam rolation
& = angular velocity of cam
The cam mechanism has four elements. namely, the fixed link 1. cam 2. roller 3, and follower rod 4. The
instantaneous centres are as follows:
12 :at O
34 : at roller centre
14 : at infinity
23 : lies on the common normal at the point of contact o1 the roller and cam surface

24 @ a1 the intersection of common normal at the point of contact and horizontal axis on which 14 lies.
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As the movement of the follower rod is pure translation. all poirts on it have the same velocity. Thus, the
velocity of follower during rise is:

l f
“d—: =y = w(12~24) = wle + (¢ + viana) (7.49)

where ¢ = (,-]2 - eg){;_s

BN = s oobom e = (7.50)

During the return, we get

[

dyf .
d_b" +£]

lang == -—= o T (7.51)
fle) + (!‘l" — el
For maximuim pressure angle. using rise, we have
d{l’dﬂ{}’) . 3 54 03 ,fdzf (df df .
= 4T — e NN I =0
. [1( 4 (1 - ) ]Kam) dg t,) L
df \ (i"_r'
Jg T ¢ T
___E H )"—' = & ) =0 (7.52)

[f @)+ (r} - 1’3]0'5] (%)

Solve (7.52) to get the value of &,. Then
_ dzf df
fiyyy = tan ! |:( @) f(_d? )]H:H” {7.53)
7.14 CAM SIZE

The cam size is defined by the following parameters:

1. Pressure angle

(o)

. Radius of curvature of cum profile
3. Hub size

The following methods may be used to reduce the pressure angle:
1. Increase the diameter of the base circle.

2. Increase the angle of rotation of the cam, thereby lengtheninyg the piich curve for the specified follower
displacement. The cam profile becomes flatter and the pressure angle becomes smaller.

3. Select the motion curve tor a smaller pressure angle.

4. Change the offset of the tollower.
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Exercises

I A disc cam is to give SHM o a knife edge tollower during out stroke of S0 mm. The angle of ascent is
120°, dwell 60°, and angle of descent Y0°, The minimum radius of the cam is 50 mm. Draw the profile
of the cam when (a) the axis of the follower passes through the axis of the cam shaft and (b) when it is
offset by 20 mm.

2 A disc cam with base circle 50 mm is operating a rolier follower with SHM. The lift is 25 mm. angle of
ascent 1207, dwell 60°, return 90°, and dwel) during the remaining period. The cam rotates at 300 rpm.
Find the maximum velocity and acceleration during ascent and descent.  The rotler radius is 10 mm.
Draw the cam profile when (a) the line of reciprocation of follower passes through the cam axis and
(b) when it is offset by 20 mm.

3 A cam with 30 mm as minimum diameter and 20 mm lift is rotating clockwise at a unitorm speed of
1200 ypm and has 1o give the following motion $o a roller follower 10 mm in diameter:

{a) Outward stroke during 120° with equal uniform acceleration and deceleration.
{b) Dwell for 60°,

(c) Return during 90°,

(d) Dwell during the remaining period.

Draw the cam profile if the cam axis coincides with the follower axis. Also calculate the maximum
velocity and acceleration during ascent and return strokes.

4 Draw the cam profile in Exercise 3 when the follower is offsct by 10 mm from the axis of the cam.

5 A flat-faced reciprocating foilower has the following motion with uniform acceleration and retardation:
ascent for 80°. dwell {or 80°, and return for 120°. The base circle diameter ol the cam is 60 mm and the
stroke of the follower 15 20 mm. The line of motion of the follower passes through the axis of the cam.
Draw the cam profile.

6 A symmetrical tangent cam operating  rofler follower has the following particulars:

Radius of base circle of cam = 40 mm

Roller radius = 20 mm
Angle of uscent = 75"
Total lift = 20 mm
Speed of cam shaft = 300 rpm

Determine (a) the principal dimensions of the cam, {b) the equation of the displacement curve, when the
follower is in contact with the straight flank and (¢} the acceleration of the tfollower. when it is in contact
with the straight flank where it merges into the circular nose.

7 A cam protile consists of two circular ares of radii 3¢ mim and 15 mm. joined by straight lines. giving
the fotlower a lift of 15 mm. The follower is a roller of 25 mm radius and its line of action is a straight
line passing through the cum shafl axis. When the cam shaft has a uniform speed of 600 rpm, find the
maxinum velocity and acceleration of the follower while in contact with the straight flank of the cam.
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10

11

12

The following data refers to a circular are cam working with « flut-faced reciprocating tollower: Minimum
radius of cam = 30 mm. total angle of cam action == 1207 radius of circular are = 80 mm and nose radius
= 10 mm. ’

Find {a) the distance of the centre of the nose circle fromi the cam axis, (b} the angle through which the
cam turns when the-point of contact moves from the junction of minimum radius arc and circular arc to
the junction of nose arc and circular are and (¢) velocity and acceleration of the follower when the cam
has turned through an angle of 20°. The angular velocity of the cam is 10 rad/s.

The suction valve of a four stroke petrol engine is operated by a circular arc cam with a flat-faced follower.
The lift of the foltower is [0 mm: base circle diameter of the cam is 40 mm and the nose radius is 2.5 mm.
The crank angle when suction valve opens is 4° after top deud centre. When the suction valve closes.
the crank angle is 50° after bottom dead centre. If the cam shatt rotates at 600 rpm. determine (a}) the
maximum velocity of the valve and (b) the maximum acceleration and retardation of the valve.

The follower of a tangent cam is operated through a roller of 50 mm diameter and its line of stroke passes
through the axis of the cam. The minimum radius of the cam is 40 mm and the nose radius 15 mm. The
lift is 25 mm. If the speed of the cam shaft is 60K rpni. calculate the velocity and acceleration of the
follower at the instam when the cam is (a3 in full lift position and (b) 20° from full lift position.

(4) A reciprocating roller follower has cycloidal motion and its stroke of 30 mm is completed in 90° of
cam rotation. The follower is offset against the direction of rotation by 6.25 mm and the radius of the
roller is §2.5 mm. Determine the buse circle radius which would limit the pressure angle to 30°. Also
discuss the conditions that would lead to undercutting in the present case. (b) Discuss the advantages ol
trapezoidal time—scceleration curve when used tor cam design,

The cam shown in Fig.7.35 rotates about O at an uniform speed of 500 rpm and operates a follower
attached to the roller with centre Q. The path of Qis a straight line passing through Q. Draw the time-lift
diagram of (he roller centre on a hase of 10 mm equaling 0.085 s and 1o a vertical scale of four times full
size for u movement of | 8(F from the position shown. Find also the cam angle for which the velocity of
the follower is a maximum and determine the magnitude of the velocity.

TN
( %\
' 225 1
Q J
. /
-

;

I

-
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What is meant by pressore angle of a cum? Discuss its significance. For a knife-edge parabolic cam

follower system. show that tan ¢, = - when the follower is under constant acceleration from rest
L

and where

dyy, is the maximum pressure angle aml
t, i the angle through which the cam rns

while the follower rises from rest to where the pressure ingle is muximum. Staie the assumptions made.

Distinguish between the functions of a cam and an eccentric. What are the considerations that govemn
the choice of profile of a cam? To whut extent can these considerations be satisfied?

A cam having a lift of 10 mm operaies the suction valve of @ four stroke SI engine. The least radius of
the cam is 20 mm and nose radius is 2.5 mm. The crank angle for the engine when suction valve opens
is 4% after TDC and it is 30% after BOC when the suction valve closes. The crank shaft speed is 2000 rpm.
The cam is of circular type with circular nose and flanks, 1t is integral with cam shaft and operates a
tlut-tuced follower. Estimate (a) the maximum velocity of the valve, (b) the maximum acceleration and
retardation of the valve, and (¢} the minimum loree to be exerted by the spring to overcome inertia of the
valve parts which weigh 2 N.

(a) How is the displacement disgram druwn ftor a cum with parabolic motion of its follower if the
motion is with uniform seceleration’? Explain the pressure angle for a cam follower sysiem. How
does the pressure angle influence the jamming of the transiating follower?

(b} What is pressure angle in cam action”? How is it important in cam design?

Draw the profile of 4 cam to raise a valve with harmonic motion through 50 mm in 1/3¢d of a revolution
keep it fully raised through i/12th of a revolution and 0 lower it with harmonic motion in 1/6th of a
revolution. The valve remains closed during the rest of the revolution. The diameter of the roller is
20 mm and the mintmum radius of the cam is to be 25 mm. The diameter of the cam shaft is 25 mm.
The axis of the vilve rod passes through the axis of the cam shaft. Assume the camshaft to rotate with
uniform velocity,






