CLUTCHES AND BRAKES
Clutches:

A Clutch is a mechanical device which is used tonext or disconnect the source of power
from the remaining parts so the power transmissigsiem at the will of the operator. The
flow of mechanical power is controlled by the chutc

Types of Clutches
(i) Positive Clutches (ii) Friction clutches

Positive Clutches: In this type of clutch, the egigg clutch surfaces interlock to produce
rigid joint they are suitable for situations redpgr simple and rapid disconnection, although
they must be connected while shafts are statioardyunloaded, the engaging surfaces are
usually of jaw type. The jaws may be square javetgp spiral jaw type. They are designed
empirically by considering compressive strengtthef material used.

The merits of the positive clutches are
. (i) Simple (i) No slip (iii) No heat gerseged compact and low cost.

Square-jaw clutch Spiral-jaw clutch

Friction Clutches: Friction Clutches work on thasts of the frictional forces developed
between the two or more surfaces in contact. ibrictlutches are usually — over the jaw
clutches due to their better performance. Theeesip in friction clutch. The merits are

0] They friction surfaces can slip during engagemehictv enables the driver to
pickup and accelerate the load with minimum shock.

(i) They can be used at high engagement speeds seycddmot have jaw or teeth
(i) Smooth engagement due to the gradual increaseimahforce.

The major types of friction clutches are
(i) Plate clutch (Single plate) (multiple plate
(ii) Cone clutch T
(iif) Centrifugal clutch
(iv) Dry
(v) Magnetic current clutches
(vi) Eddy current clutches



We will be studying about single plate multi-plated cone clutches.
Single plate clutch:

A single plate friction clutch consisting of twaafiges shown in fig 2. One flange is rigidly
keyed in to the driving shaft, while the other ieef to move along the driven shaft due to
spliced connection. The actuating force is prodidy a spring, which forces the driven
flange to move towards the driving flange. Theefatthe drive flange is linked with friction
material such as cork, leather or ferodo
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Torque transmitted by plate or disc clutch

A friction disk of a single plate clutch is shownabove fig

The following notations are used in the derivation
D, = Outer diameter of friction disc (mm)
D; = Inna diameter of friction disc (mm)
P = pressure of intensity N/nfm
F = Total operating force (N) (Axial force)
T = torque transmitted by friction (N-mm)
Consider an elemental ring of radius r and radigkhess dr
Area of elemental length =p2 dr
Axial force length =@rr. P



(mor f) friction force = pr. drpm
Friction torque = @r dr Pm* r

Total axial force Fa= F, = "2 rdip  weeeeeeeeees 1)
Dy /2
Torque Transmitted by friction T= 2or®dr mp ------------ 2

D1/2

There are two criteria to obtain the torque capaeitiniform pressure and uniform wear
1. Uniform pressure Theory:

In case of new clutches, un playing assumed to riormly distributed over the entire
surface area of the friction disc. With this asption, P is regarded as constant.

Equation — 1 becomes

F=""2rd
Y rdrp

or p= 4Fa
p|DZ- D?

From Equation -2
D, /2
T= 2pmpridr

D1/2

Dy /2
T=20mp ridr

D1/2



3 Dol2
T= mep L
3 D, /2
7= 2mp Do’ Di®
3 2 2

T= %p mp(Do3 - Df)

Substituting the value of p from equation 3

1= prfD*- D) aFa
12 p\D2- D}
3 3
7=11Fa Dg Diz
3 DZ- D,
T= nFabm
2
3_p3
Where 2 Dg D'2 = Dm mean diameter
3 D2- D;

Torque transmitted by n- friction surfaces

_ ntmFabm
2

T

Axial force = ,UP(R22 - Rf) = % P(D§ - Di2)

Uniform Wear Theory:

According to this theory, it is assumed that themis uniformly distributed over the entire
surface --- of the friction disc. This assumptisrused for workout clutches. The axial wear
of the friction disc is import ional to the frictial work. The work done by the frictional force
(m P) and subbing velocity 2N) where ‘N’ is speed in rpm. Assuming speed Nl an
coefficient of friction i is constant for given configuration

Weain Pr

Pr = constant C
When clutch plate is new and rigid. The wear atdbeer radius will be more, which will
release the pressure at the outer edge due tddidepressure plate this will change the
pressure distribution. During running conditiome fpressure distribution is adjusted in such a
manner that the product pressure is constant, C.



From equation - Q)

Dy /2
Axial force Fa =2p  Prdr

D,/2
Dy /2

Fa=2pc dr

D, /2

_ D, /2
Fa=2p ]2

D D
Fa=2pc —>- =
P 2 2
Fa
\ cC={_ -
2,0 [Do B Dl]
2
From equation - (2)
Dy /2 Dy /2
T= 20mPrdr=2p ne rdr
D,/2 D,/2
2 Dy /2
=2pm —
2 D, /2
D,/2 D,/2
= m _— - =
2P 8 8
T= %[Dg - b7
Substitute the value of C from equation — (7)
T=2[o; - p] T
4 p|D, - D,
T= mFa[D(J - D1J
2 2
T= nFa Dm )

(8)

()



+
Where Dm :¥ 9
Torque transmitted by “n” friction plates
1
T= n- mFa Dm
2
Axial force Fa =
Average pressure occurs at mean radius( r,,=D,, 12)
\ Fa=PPDMD, - B) - 0
2
Maximum pressure occurs at inner radius
\ Fa :@(D0 - D) RN

Note: The major portion of the life of frictioming comes under the uniform wear friction
lining comes under the uniform wear criterion irsiga of clutches uniform wear

theory is justified.
Problems:

1. A single plate friction clutch of both sides effiget has 300 mm outer diameter and
160 mm inner diameter. The coefficient of frictior2 and it runs at 1000 rpm. Find
the power transmitted for uniform wear and unifopnessure distributions cases if
allowable maximum pressure is 0.08 Mpa.

Given:
N'=1=2, Oy=300 mm Q@ = 160mmm= 0.2
N = 1000 rpm p = 0.08 Mpa = 0.08 N /rhim

Solution:
i. Uniform wear theory

Mean DiameteD,, D, 2 D, _ 300;160 = 230mm

Axial Force
Fa=_pb D, (D, - D)
From DDH 13.32 or Equation - (11)



\ Fa:%p' 0,08 * 160 (300 - 160)

=2814.87 N

Torque transmitted
l 1
T= 5 mn* FaDm

T=%O.2' 2 7281487 230

T =129484 N—mm

Power transmitted

_2oMT
60" 10°

_2p  1000" 129484 _

P s 6
60" 10

P =13.56 kw

ii. Uniform wear theory

3 3
Mean DiameteD,, . 2 = %
3 D - D

300° - 160°

p 2. 399 - 1600
™3 300 - 160
Dm= 237.1 mm

ra 2P0} - D))
4

Axial Force

Fq =P 008 (3(3102 - 160°)

Fa =4046.4 N

Torque transmitted

T=n'= m FaDm

N |-



T=2 % 02" 40464° 2371

T =191880.3 N—mm
Power transmitted

p= 2p nT
60" 10°

p= 2" p’ 1000 1918803 _
60" 10°

P=20.1 kW

2. A car engine develops maximum power of 15 kW atOLfi@n. The clutch used is
single plate clutch both side effective having exé diameter 1.25 times internal
diameterm= 0.3. Mean axial pressure is not to exceed ON¥S&N’. Determine the

dimension of the friction surface and the forceassary to engage the plates. Assume
uniform pressure condition.

Given p = 15 kW, n — 1000rpm, | =2 both sides dfecéve D, = 1.25 0, m= 0.3,
p = 0.085 N/mm

Torque transmitted

p= 2p nT
60" 10°

, , 6
T:P 60" 10
2pn

_15" 60" 10°
2 1000

=143239N- mm



Mean Diameter R
2_ D-D _2_ @25D)- D}

D, <= —0- =i =22
"3 D2-D’ 3 (L25D,)%- D?
=1.13D0
Axial Force Fa-’% p (D2 - DY)

Fa= % 0085 (1.25D7 - D?)
Fa = 0037552

Torque transmitted T #% m FaDm

143239 =2~ %0.3' 0.037552" D7~ 1.13D,

\ D = 224 mm
Do =280 mm
Dm =253 mm
Fa=1884.21 N
Thickness of disc h =2 mm
3. Design a single plate clutch consist of two pairs@ntacting surfaces for a torque
capacity of 200 N-m. Due to space limitation thesale diameter of the clutch is to
be 250mm
Given:
Single plate clutch, Torque = 2 x *L8l-mm, DO = 250mm | = 2 (since two pairs of
contacting surfaces)

Solution:

Assume suitable friction material — leatinex 0.3 to 0.5 P = varies from 0.07 to
0.29 Mpa selean= 0.4, P =0.135 Mpa — N /nfm

1. Torque transmitted= 2 x 10-mm
2. Mean diameter

Assuming uniform wear theory
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D :Di +D0:Di +250
" 2 2
3. Axial force :

For uniform, wear condition

Fa:%p pD (D, - D) =

=52p 0.135 " D, (250- D,)

= 0.212 D(250 - D)

Torque transmitted

TzlmFa D, i
2

e 2 10° :150.4' 0.212 D, (250- D,) :%(250+ D) 2

= 62500 - D} - 4716981132=0

By trial and error method
Inner dia D = 85.46 mm is 86 mm
Outer dia [3 = 250 mm given, mean m = dia of friction surface
Dm =168 mm

Fa=0.212 x 86 (250 —86) = 2990 N

Multiple plate clutch

Fig. shows a multiple plate clutch. The driving Housing
discs are splined to the driving shaft so that the) .
are free to slip along the shaft but must rotate

with it. The driven discs drive the housing by priven shait ;
means of bolts along which they are free to slide ‘fx RQ\\%

The housing is keyed to the driven shaft by a A

sunk key. In the clutch shown there are five pairs )
of friction surfaces. The driving discs may be
pressed against the driven discs by a suitabl
mechanism so that the torque may be transmitte
by friction between the discs.
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Multi disc Clutch:

Equations derived for torque transmitting veloafysingle plate are modified to account for
the number of pairs of contacting surfaces in tiewing way.

For uniform pressure T %i m Fa Dm =

% p(DZ - D?)

Uniform wear T =(D{ - D/)
Where | = number of pairs of contacting surfaces.
For uniform pressure theory

T:%i m Fa Dm

g - Di3)
2

Dm:EL
3 (D - D?)

Fa :Z p(Dg - Di2)

Where | = number of friction surfaces

Uniform wear theory
1.
T= E| m Fa Dm

Dm: (DZ + DI)

2
1
Fa:pr Dn(D, - D))
Maximum pressure occurs at inner radius
1
Fa:E p, pD, (D, - D)

Problem: A multi plate clutch having effective dieter 250mm and 150mm has to transmit
60 kW at 1200 rpm. The end thrust is 4.5 kN aneffament of friction is 0.08 calculate the
number of plates easuming (i) Uniform wear anyl {iiiform pressure distribution on the
plates

Given: ) = 250 mm p= 150mm, P = 60 kW, N = 1200 rpm, Fa = 4.5 kN 6@¥, m= 0.08
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_ 20 NT
60" 10°

P’ 60 10°
2 p 1200

Torque T = = 477500N - mm

0] Uniform wear theory

D, + D, _ 250+150

Mean diameter Dm =2 5 ' 5 =200mm

T= 1Ei m Fa Dm
477500 :%i 0.08" 4500" 200

\ Number of friction plates, | = 13.28)1.4 (even numbers)
Total number of platesi+1= 14+1=15

Uniform pressure

3. p3
m:EM:ZM.l? mm
3(D0'Di)
. .
T=i"~"= Fa" m Dm

477500 =i 15 4500 0.08" 20417

\ 1=12.99@14 (even number)
Total number of plates =14+ 1 =15

Problem 4:

A multi plate clutch of alternate bronze and sfgates is to transmit 6 kW power at 800 rpm.
The inner radius is 38 mm and outer radius is 70. nine coefficient of friction is 0.1 and
maximum allowable pressure is 350 kN’ /determine

0] Axial force required

(i) Total number of discs

(i) Average pressure and

(iv)  Actual maximum pressure



Given: P = 60 kW, N = 800 rpm R 38mm, D= 76 mm R = 70, Dy = 140mmm= 0.1,
P =350 kN /rh=0.35 N/ mm

1. Axial force

Fa:lE p, pD, (D, - D,)-(13.32 DDH)

FazlE p 035" 76 (140- 76)

=2674.12N
Torque to be transmitted

_ 2P NT
P="——
60" 10

. P° 60" 10° _ 6" 60" 10°

== == =71625N - mm
2p N 2" p 800
Assuming uniform wear theory
Mean Diameter R= (D, ; D.) = 140; 6 =108mm

Torque transmitted T %i m Fa Dm

71625=n 15 " 01" 2674127 108

n =4.96@ 6 (even number)
L . n_=6
Number of driving (steel) discs i, :E = > =3
Number of driven (bronze) discs n

=n+1=3+1=4

3. Average pressure occurs at mean diameter

Axial force Fa% p. pD, (D, - D)

2674.12 =l5 p, p108(140- 76)-

\ Average pressure p = 0.246 N/ fim

13



4. For 6 friction surface, torque transmitted
1.
T= E| m Fa Dm
1 ,
71625 =6 > 01, Fa  108-

\ Fa=22106N

Maximum pressure occur at inner radius
. 1
Axial force =5 p. pD, (D, - D)
1
2210.6 :5 p, p76(140- 76)-
\  Actual maximum pressure P = 0.289 N/ fnm

Problem 5:

14

In a maultilate clutch radial width of the frictianaterial is to be 0.2 of maximum radius.

The coefficient of friction is 0.25. The clutch69KW at 3000 rpm. Its maximum diameter
is 250mm and the axial force is limited is to 600®etermine (i) Number of driving and

driven plates (ii) mean unit pressure on each abstarface assume uniform wear

Given: Radial width = 0.2 Ran= 0.25, P = 60KV, N =3000rpm, B=250mm,

\ Ro=125mm, Fa = 600N uniform wear condition.

Solution b = Ro- Ri
0.2 Ro =Ri
Ri= 0.8 Ro =0.8x 125 = 100mm
\ Inner diameter 2x100 = 200mm

i) Number of disc
P’ 60" 10°
20N
60" 60" 10°
2p 3000

Torque transmitted T =

=19100(N.mm

For uniform wear condition
Mean diameteD,, :%(Do +D,)) = %(250+ 200) =225mm
Torque Transmitted

T :imnFaDm
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191002%0.25' n,600" 225
ie n=32
Number of active surfaces n =12 1§ must be even number)

Number of disc on the driver shaft

n1:£:L2:6
2 2

Number disc on the driven shaft

n=D41 = 2iq27
2 2

\ Total number of plates : n1 + n2 =617 = 13
if) Mean unit pressure

Fa=pp D, (0, - D)

600= Zip p 225(250- 200)

\ P=0.34N/ mrh

iii) for actual mean unit pressure
Actual axial force

2T 1

Fa= \ T==mfaD,
mD, 2
=2 191000 _ og5q06n /1
025 12 225

565926 = zi p PD,, 225(250- 200)

Actual mean unit pressure P 8032N / mn?

A Multiple plate clutch has steel on bronze is tansmit 8 KW at 1440 rpm. The inner
diameter of the contact is 80mm and outer dianwteontact is140 mm. The clutch operates
in oil with coefficient of friction of 0.1. The ovage allowable pressure is 0.35Mpa. Assume
uniform wear theory and determine the following.

a) Number of steel and bronze plates
b) Axial force required
c) Actual maximum pressure

Given P = 8KW, N = 1440 rpm, D1 = 80mm, Do = 140mmm 0.1, P =0.35 N/ mfn
Uniform Wear Theory.
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Solution:
1) Number of steel and bronze plates
For uniform wear theory

Axial force Fa :21,0 p(D, - D)
= % p 0.3580(140 - 80)
Fa26389 n N
Mean diameteDm = %(D2 +D)= ;(140 +80) =110mm

Torque transmitted T P’ 60" 10
2p N
72876010 _onemesn - mm
2p - 1440

Also T % mFaDmn

53055556= 2i 263894 110" n

\ n=3.655

No. of Active surface is 4
Number discs on the driver shaft (Bronze)
n_4
n=—=—=-= 2
2 2

Number disc on the driven shaft (Steel)

n=i1=44123
2 2

Total No. of discn, n, =2+3=5

b) Axial force required

2T _ 2’ 53058552
Fa= =

= =< > = 241162
mnDm 01 04110

¢) Actual maximum pressure since maximum pressaurcat inner diameter
1
Fa= 5P PD,(D, - D,)

241162 == P .80 (140- 80)

N =

\ P=032N /mn?t
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Cone clutch
A simple form of a cone clutch is shown in fig. it

consists of ;i driver or cup and the follower oneo
The cup is keyed to the driving shaft by a sunk deg
has an inside conical surface or face which exditsly
the outside conical surface of the cone. The sbjiee
cone face is made small enough to give a high dorme
force. The cone is fitted to the driven shaft bgather
key. The follower may be shifted along the shaftaby
forked shifting lever in order to engage the clulgh
bringing the two conical surfaces in contact.
Advantages and disadvantages of cone clutch:
Advantages:

1. This clutch is simple in design. .

2. Less axial force is required to engage the clutch.
Disadvantages :

1 There is a tendency to grab.

2. There is some reluctance in disengagement.
Strict requirements made to the co-axiality ofghafts being connected

Torque transmitted by the cone clutch:-

Let Di= Inner diameter of cone, =Rnner radius of cone,
Do = Outer diameter of cone, Ro = Outer radius of cone,
Rm = mean radius of cone, m B mean diameter of cone,

[ = Semi cone angle or pitch cone angle or faceeangl
P = Intensity of normal pressure at contact sutface
m= Coefficient of friction,

Fa = Axial force

Fn=Normal force = Fa

: }m/s/ \E % f_/: _]_R e

] i
dr~, 3 L F
sin o ‘<\ == J o 2 =

(a) " (b



Consider an elemental ring of radius ‘r’ and thiegs ‘dr’ as shown in the figure

The sloping length i
sina

Area of elementary ring=2p r

sina

Normal force on the ring= P 2o r

sSina

Axial component of the above for*gezg_r—'dr © Sina
ing

=2p prdr
Total axial force Fa = :io 20 prdr e 1)

dr
Sina

Frictional force outer ring= mp 2o

Moment of friction force about the axial

dr .
=mP2pr r
P Sina
o pme O
Sina
_Ro > dr
Total torque T= 2p mPr* — 2)
Ri Sina

Uniform pressure theory: p constant

Equation (1) becomes

Fa = :iOZp prdr =2pp ROdr

Fa=p P (R - R?)

Fa

e — 3
"o R-R) o

Equation 2 becomes

Ro Ro
T= 2p pmrz(Rj- riz) dr__2pPm

Ri

Sina Sina

r2dr
Ri

18



20mp _R -R’

Sira 3

T=

Substitutes the value of P from equation

To2p P _ Fa , R-R
siim  p(R? - R?) 3

_2p Fa _ Fa . R-R
T= : - 2 2 2 2
3sim pRe- R (R?-RY)

2pFa, 2, D}-D} mFa

T="" = > > T
2Sina 3 DJ- Dg 2 Sina
2 DJ-D;
Where Dm=— ———
3 Do - Dio

Axial force Fa=p P (D? - D?)

Uniform wear: For uniform wear condition Pr = @r3tant

Equation (1) become Fa ::O 20Prdr

Fazp ¢ (R,- R) or

Fa

C=
2R, - R)

Equation (2) become

Ro Ro
T= 20 P mr? dr__2p mC rdr

Ri

T 22p me _ (R - R?)
Sira 2

Sina Sina

Substitute for C

T2 m(R - R?). Fa
Sina 2R, - R)

=2pP

Ri

Ro
dr

(4)

19
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_ nFa . (D0+Di) nFaDm
2 Sina 2 ' 2Sina

D, + D,

Where Dm = Mean diameter Dm= 7

If the clutch is engaged when one member is statioand other rotating, then the cone faces
will tend to slide on each other in the directidran element of the cone. This will resist the
engagement and then force

Axial load Fd = Fa(Sina + cosa)
Force width b= D, b
2Sina

Outer diameter D, = Dm+ b Sina
Inner diameter D, = Dm- b Sina

Problem:

A cone clutch is to transmit 7.5 KW at 600 rpm. eTace width is 50mm, mean diameter is
300mm and the face angle°1Bssuming co efficient of friction as 0.2, detenmithe axial
force necessary to hold the clutch parts togethéitiae normal pressure on the cone surface.

Given P= 7.5KW, N =600 rpm, b =50mm,
Dm =300mm, p =15 m=0.2
Solution:
. . 6 . 6
T:P 60" 10° _ 75" 60, 10 ~119375N - mm
2p N 2 p 600
Torque transmitted T :M
2 Sina
119375= 0.2 Fg 300
2 Sin15
\ Fa=102988 N
Also Fa=p Dm Pb Sina ---------- Equation 13.37 DDH

102988=p " 300P" 50 Sin15

P=0.0844N / mn?
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A friction cone clutch has to transmit a torque26D N-m at 1440 rpm. The longer diameter
of the cone is 350mm. The cone pitch angle is@h25force width is 65mm. the coefficient

of friction is 0.2. Determine i) the axial forcequired to transmit the torque. ii) The average
normal pressure on the contact surface when maxitotome is transmitted.

Data T =200 N-m, "210° N-mm N = 1440 rpm
Do=350, M =6.25 b=65mmm=0.2
Solution
) Axial force

Outer diametéd, =D, +b Sina
350=D,, +65 Sin 6.25

\ D, =34292mm

Torque transmitted T _1 m
2 Sina
2 1P =L 02 Fab,
2  Sin625

\ Axial force required Fa=634.934 N
i) Average normal pressure
Fa=p D, Pb Sina
634.934 = p. 34292" 65Sin 6.25° P
\ Average Normal pressure
P=0.0833N/ mn?

An engine developing 30 KW at 1250 rpm is filtedtwa cone clutch. The cone face

angle of 12.5. The mean diameter is 400 rpm= 0.3 and the normal pressure is not to
exceed 0.08 N / mMmDesign the clutch

Date: P = 30KW, N =1250 rpm,=12.5, Dm =400mm,m=0.3, P =0.08 N/ mm

Solution

i) Torque transmitted

ToP  6010° _ 30" 60° 10°
20 N 2p 1250
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T =229200N - mm
i) Axial force Fa

T :1 n Ea D, 229200 1,03 Fa 400
2 Sina 2 Sinl125
Fa= 82618

Dimensions
Fa=p D, Pb Sina

8268=p.” 400" 0.08" b" Sin125
b =38mm
Inner diameteD,, = D, - b Sina =400- 38 Sin12.5 =392mm

Outer diametdd,, = D, +b Sina = 400+ 38 Sin125 = 408mm
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BRAKES

A brake is defined as a machine element used tivatdhe motion by absorbing kinetic energy
of a moving body or by absorbing potential ener§ythe objects being lowered by hoists,
elevators, etc. The obsorbed energy appears asriergly which should be transferred to cooling
fluid such as water or surrounding air. The diffeebetween a clutch and a brake is that whereas
in the former both the members to be engaged anetion, the brake connects a moving member to
a stationary member.

Block or shoe brake

A single-block brake is shown in fig. It consisfsaoshort shoe which may be rigidly mounted
or pivoted to a lever. The block is pressed ag#iestotating wheel by an effort Fat one end of the
lever. The other end of the lever is pivoted oixedf fulcrum O. The friclional force produced by
the block on the wheel will retard the rotatiorited wheel. This type of brake is commonly used in
railway trains. When the brake is applied, therdevith the block can be considered as a free body
in equilibrium under the action of the following ¢es.

1. Applied forceF at the end of the lever.

2. Normal reactiorF, between the shoe and the wheel.

3. Frictional or tangential braking forcg Between the shoe and the wheel.
4. Pin reaction.

Let F = Operating force
M; = Torque on the wheel
r = Radius of the wheel
g2 Angle of contact surface of the block
m= Coefficient of friction

. . M
F, = Tangential braking force =t
r
F
Fn = Normal force =%
m
a= Distance between the fulcrum pin and the cerftdreoshoe
b = Distance between the center of the shoestertld of lever where the
effort is applied
¢ = Distance between the fulcrum pin and the lirection of

Consider the following three cases;

(i) Line of action of tangential forceyfpasses through fulcrum
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Taking moments about O,

F F
F(a+b):Fna:Ja Fni
m m
; F, a
\ Actuating forceF = —2——
ma+b)

In this case the actuating force is the same whétieedirection of tangential force is towards or
away from the fulcrum.

(i) Line of action of tangential forde, is in between the center of the drum and the foicru
(a) Direction ofF,is towards the fulcurm :

Taking moments about O,
F (a+b)=F,c=F,a

Fa+h=Fa-F,c=2 F¢ FFo

m m
\ Actuating forceF = Fba 1. ¢
(a+b) m a

(b) Direction ofF,is away from the fulcrum :

e 1 b +




Taking moments about O,

F F
Fa+b)=Fa- F,c=—~a+F,c F,—%
m m

F,a 1 ¢

\ Actuating forceF = —24— —- —
(a+tbh) m a

(iii) Line of action of tangential forceyfts above the center of the drum and the fulcrum:

(a) Direction ofF,is towards the fulcrum :

Lo

Taking moments about O,

F F
Fa+b)=F,a- F,c=—22+ F ¢ F 2
m m

. F
\" Actuating forceF = —% a

1.
(a+b) m

oo

(b) Direction ofF,is away from the fulcrum :

Taking moments about O,

F F
F(a+h) +F, c=F,a= qaa F —Z
m

m n

F
F (a+b):Jn7a - F,c
\ Actuating forceF = Fba 1 ¢
(a+b) m a
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Note: If the direction of §-is towards the fulcrum, use the clockwise rotafarmula and if
the direction of k is away from the fulcrum, use counter clockwiseriagla from the
data handbook.

When the angle of contact between the block anevtiezl is less than 60°, we assume that the
normal pressure is uniform between them. But whenangle of contactggis more than 60°,
we assume that the unit pressure normal to theidf contact is less at the ends than at the
center and the wear in the direction of appliegtdais uniform. In such case we employ the
equivalent coefficient of frictiomi, which is given by.

Equivalent coefficient of frictiorvit = m’ ﬂ
2q +sin 2g
Where m= Actual coefficient of friction
g = Semi block angle
For the given value af. The value Of% can be found by using the chart given in
q *sin 2q

The brake is self -energizing when the frictionctohelps to apply the brake. If this effect is
great enough to apply the brake with zero extefiorae, the brake is called self-locking i.e.,
the brake is self locking when the applied fofcis zero or negative.

Normal load _ F.

Normal pressure on the shoP - = -
Projectedareaof shoe 2wr sing

Where w = Width of the shoe

Example: The block type hand brake shown in fif).I8.has a face width of 45 mm. The friction
material permits a maximum pressure of 0.6 MPaaacwefficient of friction of 0.24. Determine;
1. Effort F, 2. Maximum torque, 3. Heat generafetié speed of the drum is 100 rpm and the
brake is applied for 5 sec. at full capacity togrihe shaft to stop.

Data: w=45mm, p=0.6 MPa=0.6 N/farmm= 0.24, 21=90° =45, d=300mm,
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r=150 mm, n =100 rpm

Solution:
Since 2| > 60°, equivalent coefficient of friction? = m’ ﬂ
2q +sin 2q
=024 90,4*45 = 0.264
PP singo
180
F
Allowable pressuregp = —"—
2wrsing
T S—
2" 45 150sin45

\ Normal force F,=5727.56 N

Tangential force F,=mF,=0.264 x 5727.56 =1512.1 N
The various forces acting on the shoe are shovig.i.11b.
From the figure, a = 200 mm, b =300 mm, c=0

The tangential forcg,, passes through the fulcurm.

\ Effort F=_ Fe®

" m(a+bh)

15121" 200

= =22 SV - 22911N
0.264(200+ 300)

Torque on the drurivl; = F,r = 1512.1 x 150 = 226815 N-mm = 226.815 N-m

Power absorbed N = M,n _ 226815 100 = 2.375kW = 2.375kJ/sec

"~ 955( 955(

Heat generated during 5 sec =5 x 2.375 =11.875 kJ

Example:

A 400 mm radius brake drum contacts a single sk@hawn in fjg.3.12a, and sustains 200 N-m
torque at 500 rpm. For a coefficient of frictio2®. determine:

1. Normal force on the shoe.
2. Required forcé- to apply the brake for clockwise rotation.
3. Required forcé- to apply the brake for counter clockwise rotation.

4. The dimension c required to make the brake sekihgg assuming the other dimensions
remains the same.

5. Heat generated.
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Data; r=400 mm, M200 N-m =200 x f(IN-mm, n =500 rpm,n=0.25,
a=350mm, i=1000 mm, b=1-a9€a6 350 =650 mm, c=40 mm
Solution:
& _ 2007 10°

Tangential friction forceF, = =500N

r 40C

Normal force on theF(7 = FJ = 500 =2000N
m 025

From the figure, the tangential forcglies between the fulcrum and the center of drien the
forceF, acts towards the fulcrum (clockwise rotation),

Actuating force g - T .7 T

500 350_ 40

= . 140 _ggon
350r650 025 350

For anticlockwise rotation of the drum, the tangérfbrce F acts away from the fulcrum as
shown in figure.
F,a

1
— 4+
a+b m

\" Actuating force Fq

oo

_500350_ 1 40 __, .\

" 350+650 Q25 350

When the drum rotates in clockwise direction, Eelking will occur. For self locking effort
FE£O.
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. Fba 1 ¢ c. 1 a
ie,= 2 —- 2 £0 o —3 =, c3 =
atbh m a a m m
\ c3 @3 1200mm
0.25
Heat generated

Hg=mpAv=F,v

- 025" 2000 #2800 500

: =107198W
60" 1000

=10472kW=10472kJ /s

Example: The layout of a brake to be rated at 250 &t 600 rpm is shown in figure. The drum

diameter is 200 mm and the angle of contact of shch is 120°. The coefficient of friction may be
assumed as 0.3 Determine.

1. Spring forcd= required to set the brake.
2. Width of the shoe if the value of pv is 2 N-m/frsec

Data:

M= 250 N-m = 250 x TON-mm,
20 =120°, 0=60°, m=0.3,

n =600 rpm,

d =200 mm,

pv = 2 N-m/mfasec

r=100 mm,
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Solution:
. 4Sing
. R . - e g
Since 26 > 60°, equivalent coefficient of frictidW 72(7 +Sirgg
=03’ 120+S'”60 = 0351
P+ sin120

The various forces acting on the shoes are shofiguire.

Left hand shoe:

For left hand shoe, a = 150 mm, b = 150 mm,106 - 100

=50 mm

The tangential forceF 4 lies above the center of the drum and fulcrum, actthg away from
the fulcrum (counter clockwise).

For @
a +

\ Spring forceF =

oo

1
m

o

F, 150 1 50

"~ 150+ 150 0.351 150

\ Tangential force = 0.795 F
Right hand shoe:

The tangential forceF, lies below the center of the drum and the fulcrang acting towards
the fulcrum (clockwise).

Fozai
a+b m

\ Spring forceF =

oo

Fe” 150 1 50
150 + 150 0.351 150

\ Tangential forcé-o,= 0.6285
Torque M, =(F, +Fy) r
i.e., 250" 10° = (0.795F + 0.6285F) " 100

\ Spring force F = 1756.2 N

The maximum load occurs on left hand shoe.



\ Tangential forcé;=0.795 x 1756.2 = 1396.2 N

. rad s F = Fou o 13962
ormal Torce on lett hnana snoe 01 m 0.351

= 39778 N

pdn _p’ 200" 600
60" 1000 60 1000

Surface velocity of drun¥ = = 6.283 m/sec

By data pv = 2 N-m/mf+ sec
2
\ Normal pressurep = v = — - =03183N/ mny

I:nl

Also pressurePp = —————
2wr sin g

39778
2wr ~ 100sin 60

le,03183=

\  Width of the shoe w = 72.15mm

31
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Band brakes

A band brake consists of a band, generally madenetal, and embracing a part of the
circumference of the drum. The braking action isioled by tightenting the band. The difference in
the tensions at each end of the band determinésrtiuee capacity.

Simple band brakes: When one end of the band isected to the fixed fulcrum, then the band
brake is called simple band brake as shown indigur

Let T, = Tight side tension in N
T, = Slack side tension in N
g = Angle of lap in radians
m= Coefficient of friction
D = Diameter of brake drum in mm
M1 = Torque on the drum in N-mm

. T
Ratio of tenS|on%1 =e™
2

Braking force F, =T, - T, =

Clockwise rotation of the drum:

Taking moments about the fulcrum O,
F a=T," b

T, b

\ Force at the end of levét =

mq

Braking force F, =T, - T,=T,e™-T, =T, (€"-1)

e
I
D

. . F
.. Slack side tensio, = —%—
e™-1
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Substitute the value ok Th equation (1), we get

Counter clockwise rotation of the drum:

For counter clockwise rotation of the drum, thesiems | and T will exchange their places and
for the same braking torque, a larger fdfde required to operate the brake.

Taking moments about the fulcrum O,

F a=T," b

\ Force at the end of lever= T.b
a

. _ B T, _ 1 -
Braking force F, =T, - T, =T, - o T, @ ﬁ) =€

N ‘n—\_|

F, e™
Tight side tensio, =
e™-1

Substitute the value of;;Tin equation (i), we get

F b e™

This type of brake does not have any self-eneigjiaind self-locking properties.

Thickness of the band h = 0.005 D

Width of bandw = T
hs,

wheres , is the allowable tensile stress in the band.
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Differential band brakes:

In differential band brake the two ends of the baredattached to pins on the lever at a distance of
by and b from the pivot pin as shown in figure. It is toreted that whenul> by, the forceF must

act upwards in order to apply the brake. Wheq by, the forcd= must act downwards to apply the
brake.

Clockwise rotation of the drum:
Taking moments about the fulcrum O,

T, b,=T, b +F  a

T,e™b,-T, b =Fa ( T,=T,e™)
Braking forceF, =T, - T, T, € - T, =T,(e™ - 1) ( T,=T,e™)
. . F
Slack side tensiorm, = —+1
e™-1

Substitute the value @% in equation (1), we get

:i b, e™ - b
a em-1

For the brake to be self locking, the force F at ¢éimd of the lever must be equal to zero or
negative.

F

_F, be"-b
- m

\ bl£O
a e™-1

The condition for self-locking ish, €™ £ b,



Counter clockwise rotation of the drum:

Taking moments about the fulcrum O,
T, b=T,"b +F a
T, b, -T,e™=Fa

— T2 (bz B bl emq)
N a

Or F
Braking forceF, =T, - T, =T, € - T, =T,(e" - )

. : F
Slack side tensiorT, = —4
e™-1

Substitute the value @% in equation (1), we get

_F, b, -be”
a e"-1
For self-brake locking, the foréemust be zero or negative.

F

- mq
ie., Eﬁ & £0
e™-1

The condition for self-locking is
b, £b, e™

35

(T, =Te™)

(T, =T,e™)

If by = b= b, the brake is called two way brake and is shioviigure. This type of brake can be

used in either direction of rotation with same effo

F,b e™+1

\ Force at the end of levér= -
e"-1
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Example:

A simple band brake operates on a drum 0.6 m metier rotating at 200 rpm. The coefficient of
friction is 0.25 and the angle of contact of thad& 270. One end of the band is fastened to a
fixed pin and the other end to 125 mm from thedip@. The brake arm is 750 mm long.

(i) What is the minimum pull necessary at the end efiifake arm to .stop the wheel if 35
kW is being absorbed? What is the direction oftiatafor minimum pull?

(i) Find the width of 2.4 mm thick steel band if theximaum tensile stress is not to exceed 55

N/mn.
Data: D =0.6 m = 600 mm, n =200 rpm, p =0.25, 0= 270°, a = o,
b =125 mm, N = 35k\ii,= 2.4 mm, Sq =55 N/mnf
Solution:
Frictional torque M, = 9550N
n

_9550" 35
20C

=167125N - m=167125" 10° N- mm

2M, _ 27 167125  10°
D 60C

=557083N

Braking for F, :% =

. . T —
Ratio of tensmns_l_—l =™ = g0 270 F180 = 3948
2

Clockwise rotation:

F,b 1
a e"-1

Force F =
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_557083" 125 1

=41302N
750 3.248- 1
Counter clockwise rotation:
mgq
Force F = FLb ¢
a e"-1
_ 557083" 125 3248 ~13415 N
750 3248- 1
Therefore the minimum puff = 413.02 N
The direction of rotation is clockwise.
. _ _ T _ 1
Braking force F, =T, - T, =T, - =T, (@- )
e™ e™
. 1
e., 557083=T, 1- ——
3.248

\ Tight side tensioii; = 8048.96\

Width of bandw = th

d

804896

= - =60.98 mm=62 mm
247 55

Problem:

In a simple band brake, the length of lever is @0. The tight end of the band is attached to the
fulcrum of the lever and the slack end to a pim%@ from the fulcrum. The diameter of the
brake drum is 1 m and the arc of contact is 300&. doefficient of friction between the band and
the drum is 0.35. The brake drum is attached toigting drum of diameter 0.65 m that sustains

a load of 20 kN. Determine;
1. Force required at the end of lever to just suphertoad.
2. Required force when the direction of rotation igersed.
3. Width of stee! band if the tensile stress is lighite 50 N/mnr.



Data: a =440 mm, b=50mm,D=1m=1000, [ =0.65m =650 mm,

q =300, m=0.35, W = 20kN = 20x 18I, s¢=50N/mn7
Solution:
Torque on hoisting drunvi, =W R, =Wo,
:201%.3650: 65" 10° N- mm

The hoisting drum and the brake drum are mountedaone shatft.

\ Torque on brake drum M1 = 6.5 x°IR-mm

Braking for F, :% = 2:\3/'1

_2° 65 10°
100(

=13000N

. . T L
Ratio of tenS|ons_rﬁl = @™ = 0% 3007 P18 - g o5
2

Clockwise rotation:

Force at the end of levét = ib L
a e"-1

_13000" 50 1
440 6.25- 1
Counter clockwise rotation:

=28138N

38
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mq
Force F = FLb ¢
a e"-1

_13000° 50 6.25
440 6.25- 1

=175866 N

Thickness of band h =0.005 D
=0.005 x 1000 =5 mm

T, 1
e,:q =T, (- eTq)

Braking force F, =T, -T, =T, -

ie., 13000=T, 1- 1
6.25

\ Tight side tensioi; = 15476.2N

Width of bandw = T
hs,

154762
5" 50

=619 mm=62 mm

Problem:

A band brake shown in figure uses a V-belt. Thehpiliameter of the VV-grooved pulley is 400
mm. The groove angle is 2&nd the coefficient of friction is 0.3. Determihe power rating.

Data: D -400 mm, 2a=45° a=22.5, m-0.3, F=100N, b =400 mm,
a=750 mm, qg=180°=prad, n=400rpm
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Solution:

. . T, '
Ratio of tensions for V-belt_L = ¢™7Sn@
2

- eO.3' plsSin225 — 11 738

For clockwise rotation,

Force F :FLb 1
a e"-1

ie, 100= F,_ 400 1- 1
750 11738- 1

\ Braking force § = 2013.4\

Torque on the drumM, =F, R= F‘72D
- 201347 400 _ 1 05680N - mm=40268N - m
Power rating N = M, n
955(
_ 40268" 400 _, ooy
955(

Problem

Figure shows a two way band brake. It is so desighat it can operate equally well in both

clockwise and counter clockwise rotation of thekbrdrum. The diameter of the drum is 400 mm
and the coefficient of friction between the band e drum is 0.3. The angle of contact of band
brake is 270° and the torque absorbed in the baake lis 400 N-m. Calculate;

1. Force F required at the end of the lever.

2. Width of the band if the allowable stress in thads 70 MPa.



Data: D =400 mm, nr 0.3, q=270°, M=400 N-m =400 x f(N-mm,
Sq=70 MPa = 70 N/mm2, b #bl, =50mm, a=1000mm

Solution:

2M, _2° 400 10°

Brakingforce F, =T, - T, = 200 = 2000N
; : T1 mq 03" 270" p180
Ratio of tensmns_rﬁ =e™=e =41112
2
F 9 4
Force at the end of levéy = < b e !
a e"-1
_ 2000" 50 4.1112+1 -16428 N
1000 4112- 1
Band thickness h = 0.005 D
=0.005 x 400 =2 mm
. 1 T .
Braking forceF, =T, - T, =T, (1- ) — =e™
e™ T,,

1

- =2000
41112

ie., T 1

\' Tight side tensioff; = 2642.8AN

Width of bandw = U
hs,

264284
2”70

=1888 mm=20mm
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