2. Brakes and Dynamometers

Introduction
A brake is a device by means of which artificial frictional resistance is applied to a moving machine

member, in order to retard or stop the motion of a machine. In the process of performing this function, the brake
absorbs either kinetic energy of the moving member or potential energy given up by objects being lowered by hoists,
elevators efc. The energy absorbed by brakes is dissipated in the form of heat. This heat is dissipated in the
surrounding air (or water which is circulated through the passages in the brake drum) so that excessive heating of the

brake lining does not take place. The capacity of a brake depends upon the following factors :
1. The unit pressure between the braking surfaces,
2. The coefficient of friction between the braking surfaces,
3. The peripheral velocity of the brake drum,
4. The projected area of the friction surfaces, and

5. The ability of the brake to dissipate heat equivalent to the energy being absorbed.
The major functional difference between a clutch and a brake is that a clutch is used to keep the driving and

driven member moving together, whereas brakes are used to stop a moving member or to control its speed.

Materials for Brake Lining

The material used for the brake lining should have the following characteristics

1. It should have high coefficient of friction with minimum fading. In other words, the coeffi- cient of

friction should remain constant with change in temperature.

2. It should have low wear rate.

3. 1t should have high heat resistance.

4. Tt should have high heat dissipation capacity.

5. It should have adequate mechanical strength.

6. It should not be affected by moisture and oil.

The materials commonly used for facing or lining of brakes and their properties are shown in the following
table.
Types of Brakes

The brakes, according to the means used for transforming the energy by the braking elements, are classified
as -

1. Hydraulic brakes e.g. pumps or hydrodynamic brake and fluid agitator,

2. Electric brakes e.g. generators and eddy current brakes, and

3. Mechanical brakes.

The hydraulic and electric brakes cannct bring the member to rest and are mostly used where large amounts
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of energy are to be transformed while the brake is retarding the load such as in laboratory dynamometers, high way
trucks and electric locomotives. These brakes are also used for retarding or controlling the speed of a vehicle for
down-hill travel. The mechanical brakes, according to the direction of acting force, may be divided into the

following two groups :
fa) Radial brakes. In these brakes, the force acting on the brake drum is in radial direction. The radial brakes
may be sub-divided into external brakes and internal brakes. According to the shape of the friction

elements, these brakes may be block or shoe brakes and band brakes.

{b) Axial brakes. In these brakes, the force acting on the brake drum is in axial direction. The axial brakes
may be disc brakes and cone brakes. The analysis of these brakes is similar to clutches. Since we are
concerned with only mechanical brakes, therefore, these are discussed, in detail, in the following pages.
Single Block or Shoe Brake

A single block or shoe brake is shown in Fig. 19.1. It consists of a block or shoe which is pressed against
the rim of a revolving brake wheel drum. The block is made of a softer material than the rim of the wheel. This type
of a brake is commonly used on railway trains and tram cars. The friction between the block and the wheel causes a
tangential braking force to act on the wheel, which retard the rotation of the wheel. The block is pressed against the
wheel by a force applied to one end of a lever to which the block is rigidly fixed as shown in Fig. 19.1. The other

end of the lever is pivoted on a fixed fulcrum O.
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If the angle of contact is less than 60°, then it may be assumed that the normal pressure between the block

and the wheel is uniform. In such cases, tangential braking force on the wheel,

wh
and the braking torque. fB Ft. u,ﬁ‘_‘-:_r
Let us now consider the following three cases :
Case 1. When the line of action of tangential braking force (Ft ) passes through the fulcrum O of the lever, and the

brake wheel rotates clockwise as shown in Fig. (@), then for equilibrium, taking moments about the fulcrum O, we

have
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Braking torque,

B ==z .r=

It may be noted that when the brake wheel rotates anticlockwise as shown in Fig. (b), then the braking

torque is same, Le

<Py

Te=ec Ry r=

Case 2. When the line of action of the tangential braking force (Ft ) passes through a distance ‘a’ below the fulcrum

O, and the brake wheel rotates clockwise as shown in Fig. (@), then for equilibrium, taking moments about the

fulcrum O,
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When the brake wheel rotates anticlockwise, as shown in Fig. 19.2 (b}, then for equilibrium.

Rux=PIl+Fo=Pl+puRna

or RN(x—pa)y=pPL ©F = »1eq

- = e PLr
and braking torque. Bz AN = —
X | o 0

Case 3. When the line of action of the tangential braking force (Ft ) passes through a distance ‘@’ above the fulcrum
O, and the brake wheel rotates clockwise as shown in Fig. 19.3 (@), then for equilibrium, taking moments about the

fulerum O, we have
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and braking torque, s By
IB=pRNI= 41 ocq

When the brake wheel rotates anticlockwise as shown in Fig. 19.3 (b), then for equilibrium, taking

moments about the fulcrum O, we have

. .t
Ruxx+Fxa=Pl 9 Ruxx+pRu=xo=PlorRN= .4
o< PLr

and braking torque. TB=pRNr=

¥+

Pivoted Block or Shoe Brake

We have discussed in the previous article that when the angle of contact is less than 60°, then it may be
assumed that the normal pressure between the block and the wheel is uniform. But when the angle of contact is
greater than 60°, then the unit pressure normal to the surface of contact is less at the ends than at the centre. In such
cases, the block or shoe is pivoted to the lever, as shown in Fig. 19.4, instead of being rigidly attached to the lever.

This gives uniform wear of the brake lining in the direction of the applied force. The braking torque for a pivoted

block or shoe brake (i.e. when 2 \ > 60°) is

given by
fe=F-r==2fv.r
. , 7 o 4= sin
where =2 = Equivalent coefficient of friction = —_— and
X +sml

1 = Acrual coefficient of fricuon.
These brakes have more life and may provide a higher braking torque.
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Simple Band Brake
A band brake consists of a flexible band of leather, one or more ropes,or a steel lined with friction material,

which embraces a part of the circumference of the drum. A band brake, as shown in Fig., is called a simple band
brake in which one end of the band is attached to a fixed pin or fulcrum of the lever while the other end is attached
to the lever at a distance b from the fulcrum. When a force P is applied to the lever at C, the lever tumns about the
fulerum pin O and tightens the band on the drum and hence the brakes are applied. The friction between the band
and the drum provides the braking force. The force P on the lever at C may be determined as discussed below :

L= Angle of lap (or embrace) of the band on the drum,

u = Coefficient of friction between the band and the drum,

r = Radius of the drum,

t = Thickness of the band, and

re = Effeciive radius of the drum
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We know that limiting ratio of the tensions is given by the relation,

I 23log|| Fpe=.

= €« or
IE

and braking force on the drum = 71— T2

Braking torque on the drum,
Ts=(T1—-T2)r ... {(Neglecting thickness of band)
=(T1-T2)re ... (Considering thickness of band)

Now considering the equilibrium of the lever OBC. It may be noted that when the drum rotates in the
clockwise direction, as shown in Fig.(a), the end of the band attached to the fulcrum O will be slack with tension T2

and end of the band attached to B will be tight with tension T1. On the other hand, when the drum rotates in the
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anticlockwise direction, as shown in Fig.(b), the tensions in the band will reverse, (.e. the end of the band attached to
the fulcrum O will be tight with tension T1 and the end of the band attached to B will be slack with tension T2. Now
taking moments about the fulcrum O, we have

Pi=Tb ... (For clockwise rotation of the drum)

Pl=Tuvb ... (For anticlockwise rotation of the drum)

Internal Expanding Brake

An internal expanding brake consists of two shoes Sy and 52 as shown in Fig.. The outer surface of the
shoes are lined with some friction material (usually with Ferodo) to increase the coefficient of friction and to prevent
wearing away of the metal. Each shoe is pivoted at one end about a fixed fulcrum O1 and O2 and made to contact a

cam at the other end. When the cam rotates, the shoes are pushed outwards against the rim of the drum. The friction

between the shoes and the drum produces the braking torque and hence reduces the speed of the drum. The shoes are

Leading af =
primary shoe Tralling or
secondary shoe
\ L FIF
= vr
—Spring [ o i
j 3 . -
R IS TR,
—7 Al a-ﬂgig_/ |
] i
" Brake fining AF a_‘-.l_”
L 74 y
{_ v "
o, 0,

normally held in off position by a spring as shown in Fig. 19.24. The drum encloses the entire mechanism to keep
out dust and moisture. This type of brake is commonly used in motor cars and light trucks.
We shall now consider the forces acting on such a brake, when the drum rotates in the anticlockwise direction

as shown in Fig. 19.25. It may be noted that for the anticlockwise direction, the left hand shoe is known as {eading or
primary shoe while the right hand shee is known as trailing or secondary shoe.

Let r = Internal radius of the wheel nm,
fr = Width of the brake lining,
p1 = Maximum mtensity of normal
pressire,
1 = Normal pressure,

1 ="Force exerted by the cam on
the leading shoe. and

F2 =Force exerted by the cam on
the trailing shoe.
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Consider a small element of the brake lining AC subtending an angle ™\ 4t the centre. Let OA makes an angle \ with
OO0y as shown in Fig. 19.25. It is assumed that the pressure distribution on the shoe is nearly uniform, however the friction lining
wears out more at the free end. Since the shoe turns about O, therefore the rate of wear of the shoe lining at A wili be
proportional to the radial displacement of that point. The rate of wear of the shoe lining varies directly as the perpendicular
distance from O1 to OA, {.e. O1B. From the geometry of the figure,
018 =00 sin |

and normal pressure at A,

pn  sin\or pN=pi sin
Normal force acting on the element,

Tt = Nommal pressure ¥ Area of the element

=pxs (b.r™)=pt sin '\ (Hr.™)
and braking or friction force on the element.
WE = oc - M@y = o= p1 s {b.r ™)
4 Braking torque due to the element about O,

™MIg —TME, r—o pi cin | (t}.,.--le )= o .L}ib r (Glﬂ T,_.I}

and total braking torque about O for whole of one shoe.

Ta=<p1b '._'*‘si;n Y '[:qi‘ﬁ
1

=z pibr(cos'1 | cos'2)

Momeat of normal force ™R of the element about the fulcrum 1.
WM =™Ry - 018 ="Rx (001 sm ')

£

“) (001 sin ) = p1 sin2 | {b.r ™ Y001

= p1 sin (b

4 Total moment of normal forces about the ful_crum h.
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Momeat of frictional force ™F about the fulerum O1.
MME=TMF . AB="F(r | OO1cos') .. (vAB=r—001co0s')
= pism  (br™)(r | OOLcos')
= plbys(rsin' | OO1sm' cos ' )™

' relo)

| i
—- LY " 1 .
= ec. ,Cfl.i' o 5m 5 | Tuisin £ v 2sm'cos' =sm 2 )

4 Total moment of frictional force about the fulerum 01,

it o +Rraml] 2 S04
|
I 00 ]
=oc pibhrifcos + .4':052
O01 | 001 .
= mbrtle +——cos 2 +7cps | cos 2
pibr— ireos f 4 PJ T
001 o
=oc p1b £ r(cos |1} 05" P T cos 2\ L cpp|d

Now for leading shoe. taking moments about the fulcrum 01,
Fi=(=Mu- Mr

and for traitling shoe. taking moments about the fulcrum 2
Fax{=Mu+ Mr

Types of Dynamometers
Following are the two types of dynamometers, used for measuring the brake power of an engine.
1. Absorption dynamometers, and
2. Transmission dynamometers.
In the absorption dynamometers, the entire energy or power produced by the engine is absorbed by the
fricion resistances of the brake and is transformed into heat, during the process of measurement. But in the

transmission dynamometers, the energy is not wasted in friction but is used for doing work. The energy or
power produced by the engine is transmitted through the dynamometer to some other machines where the power
developed is suitably measured.
Classification of Absorption Dynamometers
The following two types of absorption dynamometers are important from the subject point of view :
1. Prony brake dynamometer, and

2. Rope brake dynamometer.
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These dynamometers are discussed, in detail, in the following pages.
Prony Brake Dynamometer

A simplest form of an absorption type dynamometer is a prony brake dynamometer, as shown in Fig. 19.31.
It consists of two wooden blocks placed around a pulley fixed to the shaft of an engine whose power is required to
be measured. The blocks are clamped by means of two bolts and nuts, as shown in Fig.. A helical spring is provided
between the nut and the upper block to adjust the pressure on the pulley to control its speed. The upper block has a
long lever attached to it and carries a weight W at its outer end. A counter weight is placed at the other end of the

lever which balances the brake when unloaded. Two stops S, S are provided to limit the motion of the lever

\. =] = -
Nt — (T ! i
. ‘ =1 ~Sprng s
i - . |
1 : L Lever -
| i S
' S ’ | L. S
Counter L L ._:\, e I___
weight I T >‘BF-:'|¢¥'.! W

Pu'rley-//'

When the brake is to be put in operation, the long end of the lever is loaded with suitable weights W and the nuts are
tightened until the engine 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 mo- ment of the frictional resistance between the blocks and the pulley.

Rope Brake Dynamometer

It is another form of absorption type dynamometer which is most QLCRREEN

commonly used for measur- ing the brake power of the engine. It consists ;
| / Spring balance

. |
of one, two or more ropes wound around the flywheel or rim of a pulley

Wooden
Jagks 1
fixed rigidly to the shaft of an engine. The upper end of the ropes is ?jf:\}? Ei-—Rope
attached to a spring balance while the lower end of the ropes is kept in £/ &¥{
g 7~ DN
position by applying a dead weight as shown in Fig.. In order to prevent i FAB ; ET:
d FEHT H
the slipping of the rope over the flywheel, wooden blocks are placed at 4 J'
L) { i |
intervals around the circumference of the flywheel. In the operation of the &Y = H
RSy H
brake, the engine is made to run at a constant speed. The fricdonal torque, “i" o S
H
due to the rope, must be equal to the torque being transmitted by the H
engine. Couoling B
water ____JJ ' —"
— 1 Dead weignt
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Classification of Transmission Dynamometers
The following types of transmissicn dynamometers are important from the subject point of view :
1. Epicyclic-train dynamometer,
2_ Belt transmission dynamometer, and
3. Torsion dynamometer.
We shall now discuss these dynamometers, in detail, in the following pages.

Epicyclic-train Dynamometer

Annular gear

2p
N
P ] Lavar - s

g

Spur gear |*_ 2=
¢

An epicyclic-train dynamometer, as shown in Fig. 19.33, consists of a simple epicyclic train of gears, i.e. a
spur gear, an annular gear (a gear having internal teeth) and a pinion. The spur gear is keyed to the engine shaft (i.e.

driving shaft) and rotates in anticlockwise direction. The annular gear is also keyed to the driving shaft and rotates in

clockwise direction. The pinicn or the intermediate gear meshes with both the spur and annular gears. The pinion
revolves freely on a lever which is pivoted to the common axis of the driving and driven shafts. A weight w is
placed at the smaller end of the lever in order to keep it in position. A little consideration will show that if the

friction of the pin on which the pinion rotates is neglected, then the tangential effort P exerted by the spur gear on
the pinion and the tangential reacticn of the annular gear on the pinion are equal.

Since these efforts act in the upward direction as shown, therefore total upward force on the lever acting
through the axis of the pinion is 2P. This force tends to rotate the lever about its fulerum and it is balanced by a dead
weight W at the end of the lever. The stops S, S are provided to control the movement of the lever.

For equilibrium of the lever, taking moments about the fulcrum F,

2Pxa=W.IL or P=W.L12a

Belt Transmission Dynamometer-Froude or Throneycroft Transmission Dynamometer

When the belt is transmitting power from one pulley to another, the tangential effort on the driven pulley is
equal to the difference between the tensions in the tight and slack sides of the belt. A belt dynamometer is

introduced to measure directly the difference between the tensions of the belt, while it is running.
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A belt transmission dynamometer, as shown in Fig. 19.34, is called a Froude or Throneycroft transmission
dynamometer. It consists of a pulley A (called driving pulley) which is rigidly fixed to the shaft of an engine whose power is
required to be measured. There is another pultey B (called driven pulley) mounted on another shaft to which the power from
pulley A is wansmitted. The pulleys A and B8 are connected by means of a continuous belt passing round the two loose pulleys C
and D which are mounted on a 7-shaped frame. The frame is pivoted at £ and its movement is controlled by two stops S,S. Since
the tension in the tight side of the belt (T1) is greater than the tension in the slack side of the belt (7T2), therefore the total force
acting on the pulley C (i.e. 2T1) is greater than the total force acting on the pulley D (t.e. 272). It is thus obvious that the frame

causes movernent about £ in the anticlockwise directon. In order to balance it, a weight W is applied at a distance L from £ on

the frame as shown in Fig.

Now taking moments about the pivot £, neglecting friction,

2T1-a=2T2-a+ W.

Torsion Dynamometer

A torsion dynamometer is used for measuring large powers particularly the power transmit- ted along the
propeller shaft of a turbine or motor vessel. A little consideration will show that when the power is being

transmitted, then the driving end of the shaft twists through a small angle relative to the driven end of the shaft. The
amount of twist depends upon many factors such as torque acting on the shaft (T), length of the shaft ({), diameter of

the shaft (D} and modulus of rigidity (C) of the material of the shaft. We know that the torsion equation is
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