BRAKES

A. The capacity of brakes depends upon the following factors:

a) The unit pressure between the braking surface.

b) The coefficient of friction between the braking surface.

¢) The peripheral velocity of the brake drum.

d) The projected area of the friction surface.

e) The ability of the brake to dissipate heat equivalent to the energy being absorbed.

Note: One major function difference between clutch & brake is that a clutch is used to keep the driving

& the driven member moving together, whereas the brake are used to stop a moving member or

to control its speed.

B. Materials for brake lining: The materials used for brake lining should have the following characteristic
a) It should have high co-efficient of friction with minimum fading, i.e, the co-efficient of friction

should remain constant with change in temperature.
b) It should have low wear rate.

¢) It should have high heat resistance

d) It should have high heat dissipation capacity.

e) It should have adequate mechanical strength.

f) It should not get affected by moisture & oil.

Types of Brakes

Hydraulic Brakes
(Pump,
Hydrodynamic
brake)
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Electrical Brakes
(Eddy current

brake)

Pneumatic Brakes
(Loco brake
system)

Mechanical Brakes

Radial Brakes
(The force acting
on brake drum in

radial dir")

Block Brake

Shoe Brake

Band Brake

Axial Brakes
(The force acting
on brake drum in

its axial dir")




D. Single block or shoe brake: A single block or shoe brake as shown in Gif.(1) & fig.(2). It consists of a
shoe of a softer material from the rim of wheel. This type of brake is commonly used in railway
trains 7 trams.

The friction between the blocks:
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Fig.(2) Anti-clock wise rotation of brake wheel.

The wheel causes a tangential braking force to act on wheel, which retard the motion of wheel. The
block is pressed on the wheel by a force applied to one end of the lever to which the block is rigidly
fixed. The other end of the lever is pivoted on a fixed fulcrum O.

Let, P=Force applied at the end of lever
Rnx= Normal force pressing the brake block on the wheel
R= Radius of wheel
260= Angle of contacts surface of the block
p= Co-efficient of friction
Ft= Tangential braking force or the friction force acting at the contact surface of the block &

Wheel
Tg= Braking torque on wheel

Let us consider that if 26= Angle of contacts is <60° then the normal pressure is uniform. As

per the laws of friction forces,



F. X Ry

=>F=uRy (1)
Braking torque, Tg = F  Xr= W Ryr ----(2)

Now as per fig.(1) & fig.(2), the line of action of the tangential force is going through the fulcrum O.
Consider in this case that brake wheel rotating clockwise as fig.(1)
Taking moment about point O

+} ZHo =P X L—Ry X x =0

PXL
:>RN:T

=~ Putting the value of Ry in Equ. (1) & (2)

TB = u.RN.I’
PXL
=>Tg = T.I" ----(3)
PXL
= F=p— -—(4)

Also when the brake wheel rotates anti clockwise like fig.(2), all equ”. (1) to (4) will be applicable.
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When the line of action of tangential braking fore (F,) passes through a distance “a” below the
fulcrum & the brake wheel rotates clockwise, then taking moment about point O.
+} o =P XL-RyXx-F Xa=0

=> Ry Xx+UuRya [~ Fi=uRy]

=> Ry=—"— - (5)

x—pa

~ Braking torque Tb = W.Ry.r



Again when the brake wheel rotates anti clockwise fig.(4)
Taking the moment about point O.

+} ZHo=P XL —RyXx+F Xa=0

=> RyXx-uRya=PXL

=>Ry (x-pna)=P XL

----- (7)

Braking torque:

T, = wPLr (8)

x—pa

=>Ry = x—ua
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distance “a” above the fulcrum “O” and the brake wheel rotates clockwise as shown in fig.(5) then
for equilibrium, taking moment about point O, we get

+) ZHo =P XL—-RyXx+F Xa=0

=>RyXx=PXL+uhRya

=>Ry (x-pna)=P XL

=~ In this case braking torque
pPLr (10)

x—pa

TB = H.RN.r =



When the wheel is rotating anticlock wise then for equilibrium, taking moment about point “0”
(fig. 6)
+} ZHo=P XL—RyXx-F Xa=0

=>Ry(x+pa)=PXL
_PXL

=> RN —x_—ua ----(11)
. Braking torque TB = 220 ___(12)
 Braking torque TB ==

E. Pivot block or shoe brake: When angle of contact (26)>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 the fig. below, instead of being rigidly.
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Attached to the lever. This gives uniform wear of the brake lining in the dir". Of the applied forced.
In this case, the braking torque is given by:
Te=F Xr=uXRyXr

Where u = Equivalent co-efficient of friction
_ 4uSin
"~ 26+sin26
The process of calculating Ry is similar to the earlier process for clock-wise and anticlockwise and

anticlockwise dir".

F. Double block or shoe brake: When a single block rake is applied to a rolling wheel, an additional
load is thrown on the shaft bearing due to the normal force (Ry). This produces bending of the
shaft. In order to overcome this problem, a double shoe or brake is being applied. It consists of
two brake block applied at the opposite ends of a diameter of the wheel, while eliminate or
reduce the unbalanced force on the shaft.

This type of brake is generally used on electric cranes.
In a double block brake, the braking action is doubled by the use of two blocks and these blocks
may be operated practically by the same force which will operate one.



In case of double block or shoe brake, the braking torque is given by,
TB = (Fy + F) Xr --—--(13)

As per the fig. (8) let us consider the double brake shoe.

P= spring force necessary to set the brake

Rn: & Fi1 = Normal reaction & braking force on the right hand side shoe.

Rnz & Fy, = corresponding value on the left hand side of brake assembly.
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Let us consider the angle of contact (26) is greater than 60°
_ 4psind
" 26+sin26

Where u = equivalent co-efficient of friction

M = Actual co-efficient of friction
Now taking moment about fulcrum O,
+) o =P XL+ Ry Xx - Fy X3 =0

=>Ry XX+ WRyr.a; =P XL

=>Ry (X + pay) =P XL

s R = PXL
- N7 x—pal
1.P.L
» Fu = X Ry = J':—ual """ (14)

Again taking moment about O,
+) ZHop =P X LRy Xx-F X2, =0
=>Ry XX - W.Ry2.22 =P XL

=> RNz(X+|J.az):PXL
PXL
x—pa2

=> RNZ =




ul.P.L

x—paz2

Putting the value of f;; & f, is equ” (13) we get:
Te=(Fu+Fo) Xr

=>Tg = uPL

s Fo=pXRy= —— - (15)

1 1
x+pal xX—pa2
Now as the fig. is symmetrical, we can consider, a;=a,=a, as the applied forces are also in equal.

+To = WPL (—— + ——) Xr

x+pal x—pa2
1x—pa+ x+pa

) Xr

=>Tg = uPL ((x+ua)(x_ua)) Xr
_ _ WPLX2xXr
=>Ts= x2—(pa)2

_ 2xrPL

- x2—(pna)2 (15)

G. Simple band brake:
A band break consists of a flexible band of leather, one or more ropes, or a steel lined with
frictional material, which embraces a part of the circumference of the drum. A simple band
brake, as shown in fig. below, one end 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 lever.
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Now let us consider a force P is applied at the end of the lever at point C. The lever turns about
the fulcrum pin O and tightens the band on the drum & hence the brake gets applied. The
friction between the band & the drum provides the braking force.
Let, T1=Tension in the tight side of band

T2 =tension in the slack side of band

6 = Angle of lap of the band on drum

U = Co-efficient of friction between band & drum

r = Radius of the drum

. . t
r. = Effective radius of drum = r+5

We know that the limiting ratio of the tension is given by
T1

= o => 2.3log (%) =uée
And the braking force on drum =T;-T,
~ Braking torque on drum
Ts = (T1-T,) X r [neglecting thickness of band]
= (T;-T,) X re [considering thickness of band] ------- (16)

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.(9), the end of the band attached to the fulcrum O will be slack and it
is T, and end of the band attached with B will be tight side with tension T;.
On the other hand if the drum rotates in anti clockwise dir". Then opposite of the above phenomenon
will occur.
Now taking moment about fulcrum O, we have

P XL=T,; Xb (for clockwise rotation of drum)

P XL=T,X b (for anti clockwise rotation of drum)
Where L= length of lever from fulcrum (OC)

B= Perpendicular distance of line of action of T, or T, from fulcrum.

H. Braking of a vehicle:

In a four wheeled moving vehicle, the brakes may be applied to:

1. Rear wheels only

2. Front wheels only

3. All the four wheels
This is a case of dynamics, where we require to determine the retardation of the vehicle when brakes
are applied.

a) Now let us consider a vehicle moving upward and braking being done rear wheels, as shown in

the fig.



Fig.(11): Motion of vehicle up the inclined plane & brakes are applied to rear wheel only.

Let, o= Angle of inclination of the plane with horizontal surface
m = Mass of the vehicle in Kg.
h = Height of the center of gravity of the vehicle from the road surface in meter
x = Perpendicular distance of C.G from the rear axle in meter
L = Wheel base in meter
Ra = Reaction force of front wheel
Rg = Reaction force of rear wheel
K = Co-efficient of friction between types and road surface
a = Retardation of vehicle in m/s?
A the braking being applied at rear wheel, thus braking force will get initiated at the rear wheel & it will
act in the opposite dir” of the motion of vehicle
Let, Fg=Total braking force acting downward along the road surface

Fg = URB ----(a)

From equilibrium of forces consider all forces parallel to the working plane,

Fg + mgSina—ma=0
=>Fg + mgSina =ma ----- (b)

Now taking equilibrium of forces in the perpendicular dir". Of working plane,
Ra + Rg —mgCosa=0
Ra + Rg = mgCos ----- (c)

Now taking moment about point G

+} Mo = -Fs X h—Rg X x+ Ry (LX) = 0

=>Fg X h + Rg X x = Ry (L-x)

=> W.Rg.h + Rg X x = (mg.Cosax — Rg)(L-x)

=> L.Rg.h + Rpx = (mg.Cosa) (L-x) — Rg(L-x)

=> L.Rg.h + Rex + R(L-x) = (L-x) (mg.Cosa)

=> Rg(L+ph) = (L-x) (mg.Cosa)

>y Dt g



_ (L=x)mgCos

~ Ra Ltuh + mgCosa
LR, =D9C ()
+Rp= T (e)

Again from eqgn. (b) we get
A = Fg+mgSina / m

=> a = Fg/m + gSina
=>a = uRg/m + gSina

- u(L—x)gCosa + gSina ___(7)

=>2a
L+ph

Notes:
1. When the vehicle moves on a level track, then a =0

R, = mg(L—x) _ mg(x—ph)
AT T B~ ., 7
L+ph L+ph
mg(L—x
L+ph

2. When the vehicle moving downward, then equ. (b) becomes
Fg —mgSinat = ma
mgcosa(L—x)

~a=Fz/ m-gSina= e

- gSinax

b) When the brakes are applied to front wheels: Now let us consider a case where brake is applied to
front wheels only while the vehicle is moving upward on an inclined plane.

Fig. (12): Motion of vehicle up the inclined plane and brakes are applied to front wheels only.



Let F, = Total braking force acting at the front wheels due to the application of brakes.
Fa=HRa ——-(a)

Taking equilibrium of forces parallel to the inclined plane
Fa+ mg.sindk=ma ----(b)

Again taking equilibrium of forces perpendicular to inclined plane
Ra + Rg = mg.cosa  ----(c)

Again taking moment about point G.
FaX h+Rg XX =Ry (LX)
=> W.Ry X h (mg.cosa — Ra)x = Ra (L-x) [from eqn" (a) &(b)]
=> h.Ry + mg.cosa — Rp% = Ra.L - Ramx

=> R, (L- ph) = mg.cosa.x
mf.EOSh(‘X.X (d)
W

=> RA:

Putting the value of R, in eqn” we get
Rg=mg.cosa - Ry

mg.cos X
=> Rg=mg.cosa - ———
L—ph
L—ph—x
=>Rg=mg.cosq - ——— ----- e
B g L—uh ( )

Again from eqnn (b) we get
Fa/ m+gsina=a
=>a = puRy/m + g.sigha

_ _ mg.cosa.x . L
=>a=——=— " + g.sigha (f)
Note: 1. When the vehicle moving on level track then a = 0
. _ mgx _ mg(L—ph—x)
#Ra= L—ph Re = L—ph
_ mgx
- L—ph

2. When the vehicle is moving downward, then eqn” (b) becomes
Fao—mg.sina =ma
~a=Fy/ m-gsina
= URa / m —g.sigha

_ mg.cosa.x

- g.singa
L~ ph g.sing



c) When brakes are applied to all four wheels: This is the most common way of braking the vehicle.

Fig. (13): Motion of vehicle up the inclined plane and brakes are applied to all the four wheels.
Let, F,=Braking force provided by the front wheel
= H.Ra
Fg = Braking force provided by rear wheel
= W.Rg
A little consideration will show that when the brakes are applied to all the four wheels, the brake
distance will be the least. It is due to this reason that the brakes are applied in all the four wheels.
Now considering the equilibrium of forces & resolving the forces parallel to the plane.
Fa+ Rg+ mg.sinda=ma ----(a)
= U (Ra = Rg) = ma —mg.sigha
Resolving the forces perpendicular to the plane.
Ra+ Rg=mg.cosa  ------ (b)
Taking moment about point G
=> [ma-mg.singa] X h + (mg.cosa-Ra).x = Ra (L-x)
=> U(Ra + Rg) X h + (mg.cosa-R,).x = Ry (L-x)
=> l.mg.cosa.h + mg.cosa.X-Ra=% = Ra.L-Ra=%

=>Rp.L = mg.cosa(x + mh)
mg.cosa(x + mh)

=> mgcos (©)

» Rg = mg.cosa - Ra
=> Rg = mg.cosa [1- (X+L—mh)] -----(d)
Now from the eqnn (a)
Ma = u(Ra + Rg) + mg.sina
=> A = p.g.cosa + g.sinx
=> A = g.(h.cosa + sina) ----(e)
Note: 1. When the vehicle moves on a level track, i.e.aa =0

Then, Ra = w ,Rs = mg. (L—uLh—x)

2. If the vehicle is moving downward, then eqnn» (a) becomes
Fa + Fg -mg.sina = ma
=> U(Ra+Rg) — mg.sina = ma

=>ma = umg.cosa - mg.sina
=>a =g (ucosa —sino)



