Mechanical Design Clutches and Brakes 4th year - Mechanical. Engineering.
Clutches and Brakes g=Sall s Jual sil)

17-1 INTRODUCTION

In the operation of a friction clutch during engagement, the initial condition is that the driving member is
moving and the driven member is at rest; in the final condition both members are moving at the same speed,
i.e., with no relative motion. In the operation of a brake during braking, the initial condition is that one
member, such as the brake wheel or drum, is moving and the braking member is stationary; in the final
condition both members are at rest and have no relative motion.

It is thus apparent that the principle of operation of both a friction clutch during engagement and of a
friction brake during braking is to bring two members having relative motion to the state of no relative
motion, The operation of a clutch is therefore essentially the same as that of a brake; however, there are
structural differences in the two units because of control requirements and the necessity for providing for
heat absorption or dissipation in brakes.

17-2 PLATE CLUTCHES AND BRAKES

Plate clutch shown in Fig.17-1,( A,

driver; B, driven plate; C, actuator), the
part A is connected to the driving unit
(engine or motor), and the driving plate B
are splined to the shaft.

Force analysis In Fig. 17-2 there is
shown a friction disk with outer and inner
diameters, D and d, respectively. The
mating disk, produces a pressure p on the
surface because of the axial load P.

Elementary surface area dA = 2nrdr

W=

Normal force on dA = p2mrdr
Frictional force on dA = up2mrdr

Figure 17-1 A single-plate clutch Figure 17-2

where p =surface pressure
u =coefficient of friction, assumed as constant. Therefore

D/2
P =2 /;/2 prdr (a)
D/2
and T = 2xf s prtdr ®)

Before Egs. (a) and (b) may be integrated, it is necessary to make an assumption regarding the
distribution of pressure. Two cases will be considered:

1- Uniform pressure. For new clutches and rigid mountings, the pressure may be assumed to be
uniformly distributed over the contact area; hence, p may be regarded as constant.

Therefore, from Eq. (b),
— TUp 3 _ A3
T = 2 (D° —d?) (©)

By eliminating p from Egs. (c) and (d) and solving, the torque for one pair of friction surfaces in contact
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uP <D3 - d3> 2uP (r?, — r?)
3 \D?2 —d? 3 \rz—r? m

ri
1/D3—=d3\ 2(rd—-1
Where 1, = §<—D2 — d2> = §<r02 — ri2>
The total torque for multi-disc clutch

uPn (D3 —d3®\ 2uPn(r3 -1}
=73 <D2—d2 =—3 5 | = UPr,n (17 — 1b)

3 —ri
Where n is the number of pairs of contact surfaces
and, from Eq. (a), the actuating force is
T
P= Tp(D2 —d?) = np(r: —r?) (17 — 1¢)

2- Uniform axial wear. An inspection of worn clutch plates reveals that the plates are not of uniform
thickness. Uniformity of wear, it is necessary to make an assumption regarding wear.

e

N

contact, which depends on the kpn: kp, 1y wear ¥
pressure, w o up
2- the rubbing velocity n a 2nr
e Thus, the wear on an element of area in one
revolution depends on the product of up and
the distance 2nr
wWoup X 2nr

If the coefficient of friction is assumed as

e The rate of wear depends on kpr, T kpat,
1- the friction force at the surfaces in —= . )
A g Initial - /{

m BN

constant, Fig. 17-3

The wear is proportional to the product pr.
W.opr or w = kpr
k is the constant of proportionality
When the equilibrium condition is reached,
w = kpr
C=pr
Praxli = Pinto =C p oo (€)
c
Py
By substituting the value of p from Eq. (c) into Egs. (a) and (b), integrating, and eliminating the constant
C, the equation for the torque becomes:
T=u£(D+d)= uPr,, 17 -2)
where T is the torque for one pair of friction surfaces in contact
_D+d ri+r,
mE T T T2
the equation for the actuating force becomes:

npd
P= T(D -d)=mnp,  ri(D—-d)=2mp  ri(@,—1)=2mp,  1,(ro—1) (17 -3)
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Table 17-1 Coefficients of friction and allowable pressures
Friction Coefficient Max. Temperature Max. Pressure

Wet Dry °F °C i kPa
Cast iron on cast iron 0.05 0.15-0.20 600 320 150-250 10001750
Powdered metal® on cast iron 0.05-0.1 0.1-04 1000 540 150 1000
Powdered metal* on hard 0.05-0.1 0.1-0.3 1000 540 300 2100
steel
Wood on steel or cast iron 0.16 0.2-0.35 300 150 60-90 400620
Leather on steel or cast iron 0.12 0.3-0.5 200 100 10-40 70-280
Cork on steel or cast iron 0.15-0.25 0.3-0.5 200 100 814 50100
Felt on steel or cast iron 0.18 0.22 280 140 5-10 35-70
Woven asbestos* on steel or 0.1-0.2 0.3-0.6 350-500 175-260 50-100 350700
cast iron
Molded asbestos™ on steel 0.08-0.12 0.2-0.5 500 260 50-150 350-1000
or cast iron
Impregnated asbestos* on 0.12 0.32 500-750 260400 150 1000
steel or cast iron
Carbon graphite on steel 0.05-0.1 0.25 700-1000 370-540 300 2100

*The friction coefficient can be maintained with &35 percent for specific materials in this group.

3_43
» In Eqgns. (17-1) and (17-2) the terms %zz—_zz and % (D + d) may be/called the friction radii.
= A comparison of these terms shows that the friction radius for.new clutches is slightly larger than for
worn-in clutches,
= the percentage difference may be expressed in terms of the ratio D/d, as shown in Fig. 17-4.

= The ratio D/d = 1.5 for industrial clutches and brakes and. for

automotive clutches. o

= For this proportion the difference in the two equations.is very low | . . P
and is much smaller than the variation in the value for the g /
coefficient of friction; hence on the basis of accuracy the choice 5 10 // —
between the two equations is unimportant. _f /

. a 5 7 T

= Eq. (17-2) gives values for the axial force which are on the side of /
safety, it applies to most of the life of the plates, and it can be more % ? 3 ’ > ¢
directly related to space limitations during design and is therefore Fig. 17-4 Comp:r/fson of Egp.
recommended for use rather than the uniform-pressure equation. (17-1) and (17-2).

Multidisk clutch Where large torques must be transmitted, a multidisk clutch, as shown in the figure
below, may be used to limit the operating force. The torque transmitted by this clutch may be determined by:

uPn uPn
T:T(D+d):T(r°_ri) (17—4)

n: the number of pairs of friction surfaces. n may be found using the following relation:
n=n;+n,—1
n, is the number of driving discs
n, is the number of driving discs

Multidisk brakes are used to a limited extent in some installations where speed control is necessary. In
the figure, there is shown a multidisc brake used with a hoisting drum. the shaft b by means of the feather
key c, thus causing a to rotate with the shaft but permitting it to slide axially during engagement and
disengagement. When it other set slides axially on the bolts d but rotates with the drum.
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is desired to raise the load, a force on the operating lever slides the member a to the left and connects it
with the drum, and the unit acts as a clutch. The shaft is prevented from rotating backward by a ratchet. In
order to lower the load, the operating force is decreased, which allows the load to be lowered.
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Multidisc clutch. Multidisk brake.

Example(1): Design a single-plate friction 1/D3 - d? 2 (13 -1}
disc clutch to transmit 25 kW at 15Q0 rpm. T™m=3\pz2_42) "3 2 — 172
The outer diameter of the friction disc is 250
mm, and the inner diameter is 150 mm. D . .
Assume: ro = % — 125 mm = (0.125m

1. Uniform pressure distribution and P = % — 75 mm — 0.075 m

2. Uniform wear distribution.
Tlflwe coslfflaent of fr_lctlon.lts Q.Sbafsn'ij/l;he 2 r3—r? 2 0.1253 — 0.0753
allowable pressure intensity is 0. a. T, = 3 Z—1%) ~3\01257 0075
Determine the axial force required to engage 0.102

= V. m

the clutch and the number of friction surfaces

needed for both cases.
For Uniform Wear:

Given Data:
« P=25kW, N=1500 rpm, D
=250 mm, d=150 mm, u=0.3,
p=0.8 MPa

D+d 0.25+.15
Ty = R 2 =0.1m

Step 3: Calculate the Axial Force

Step 1: Calculate the Torque to be
Transmitted
The torque T is calculated using the power

and speed:

o _60H _25x10°x60
~2mn . 2 x 1500 m

Step 2: Calculate the Mean Radius
The mean radius Rm is calculated differently
for uniform pressure and uniform wear cases.
For Uniform Pressure:

25 (32 4 daiall

Required

For Uniform Pressure:

The axial force P is given by:
T=u-P-rm-n

P=T/u-rmn

For a single-plate clutch, n=2:
P=159/0.3%0.102x2=159.15/0.0612
=2,598 N

For Uniform Wear:
The axial force P is given by:
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T=u-P-rmn

P=T/u-rmn

For a single-plate clutch, n=2:
P=159/0.3%0.1x2=159/0.06=2650

Step 4: Verify the Axial Force with
Allowable Pressure

For Uniform Pressure:
The axial force P is also given by:

P=p-A

Where A is the area of th_e friction surface:

» e

A=m [r‘ r;)
A= ((0.125)* — (0.075)%)

— 0.031416 m*
Now, calculate P:
P =0.8x10° x 0.031416 = 25133 N
For Uniform Wear:
The axial force F is given by
P = 2npp 0x i (1, = 17)

=27 x 0.8 X 10° x 0.075 x (0.125 — 0.075)

P = 18850 N

Step 5: Compare the Axial Forces
For Uniform Pressure:

e Axial force from torque calculation:

P=2,600.5 N

e Axial force from allowable pressure:

P=25,133 N

For Uniform Wear:

¢ Axial force from torque calculation:
P=2,652.5 N

o Axial force from allowable pressure:
P=18,850 N

In both cases, the axial force

required to transmit the torque is much

less than the axial force allowed by the

pressure limit, ensuring the clutch design

Is safe.

Step 6: Determine the Number of Friction
Surfaces

For a single-plate clutch, the number
of friction surfaces isn = 2. Since the
axial force required is well within the
allowable limit, no additional friction
surfaces are needed.

Final Answer:
Uniform Pressure Case:

« Axial Force Required: P=2,598 N

e Number of Friction Surfaces: n=2
Uniform Wear Case:

« Axial Force Required: P=2,650 N

e Number of Friction Surfaces: n=2
Both cases show that the clutch design is safe
and can transmit the required torque.

Example 24.1. Determine the maximum, minimum and average pressure in a plate clutch
when the axial force is 4 kN. The inside radius of the contact surface is 50 mm and the outside radius

is 100 mm. Assume uniform wear.

Solution. Given : =4 kN =4000N : Py = 50mm ; n= 100 mm

Maximiuim pressure

Let P, = Maximum pressure.

PRI

Since the intensity of pressure 15 maximum at the inner radius (), therefore

o, =
Ppe X713 =C or

C=50p

Lery

We also know that total force on the contact surface (7).
4000 = 2nC (ry—ry) =2m = 50p, _(100-50)=15T710p,
p, . =4000/15710=02546 N/mm* Auns.

Minimum pressure

Let p_. = Mimnimum pressure.

S min

Since the mntensity of pressure 1s minimum at the outer radius (7} ). therefore.

®p =
-‘u:lr.'z':l.' 'Fl C or

C=100p

min
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We know that the total force on the contact surface (7).
4000 = 2nC (r;—r,) =21 x 100 p_. (100-50)=31420p__
P = 4000 / 31 420=0.1273 N/mm’ Ans.
Average pressure

We know that average pressure,

Total normal force on contact surface W

Cross-sectional area of contact surface H[(?’l}z - (rl}z]

pm-z

4000
= = 0.17 N/mm~ Auns.

n[(100)° — (50)°]

Example 24.2. 4 plate clutch having a single driving plate with contact surfaces on each side
is required to transmit 110 kW at 1250 r.p.m. The outer diameter of the contact surfaces is to be
300 mm. The coefficient of friction is 0.4.

(a) Assuming a uniform pressure of 0.17 N/mm?; determine the inner diameter of the friction

surfaces.

(b) Assuming the same dimensions and the same total axial thrust, determine the maximum
torque that can be fransmitted and the maximum intensity of pressure when uniform wear
conditions have been reached.

Solution. Given: P=110kW =110 x 10°W : N= 1250 r.p.m. :d,=300mmor7 =150mm
w=0.4:p=0.17 N/mm?
(a) Inner diameter of the friction surfaces
Let d, = Inner diameter of the contact or friction surfaces. and
r, = Inner radius of the contact or friction surfaces.

We know that the torque transmitted by the clutch,
Px60 110x10° x 60
2n N  2mx1250
840 »* 10° N-mm

Axial thrust with which the contact surfaces are held together.,

W = Pressure x Area =p x 1 [(r})* — ()]
= 0.17 x 7 [(150)2 — ()2] = 0.534 [(150)2 — (r,)*] (D)
and mean radius of the contact surface for uniform pressure conditions,

2 [mﬁ - (rzf}g{ﬂiﬂf - (1) |
B25lo? -] 3]as0? - 07 ]
-. Torque transmitted by the clutch ( T').

840 » 10° = nu.W.R

= 840 N-m

T:

_ 2% 0.4x0.534[(150)% — (1,)?] x = {(15{})2 - {rl)z ] (wn=2)
31150)° — (1)
= 0.285 [(150)* — (,)°]
or (150)° — (r,)® = 840 x 10°/0.285=2.95 x 10¢
(r,)? = (150)> —2.95 x 10°=0.425 = 10° or r, =75 mm
and d, =2r,=2x75=150mm Ans.
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(b) Maximum torque transmitted
We know that the axial thrust,
W = 0.534 [(150) — (r,)*] .. [From equation (/)]
= 0.534 [(150)2 —(75)*] =9011 N
and mean radius of the contact surfaces for uniform wear conditions.
H+rn 150+ 75

R = = =112.5 mm
2 2

Maximum torque transmitted,
T=nuwWR=2x04x9011 x 112.5 =811 x 10°* N-mm
= 811 N-m Ans.
Maximum intensity of pressure

For uniform wear conditions. p.r= C (a constant). Since the intensity of pressure is maximum at
the inner radius (r,), therefore

Ppe “Th =C or C=p, . *75N/mm
We know that the axial thrust ( 7).
9011 =2nC(r,—r,)=2nxp *T75(150-75)=35347p
P = 9011/ 35 347 = 0.255 N/mm?  Ans.
H.W ) ) sl
A single disc clutch with both sides of the disc effective 1s used to transmit 10 kW power at 900 rp.m.
The axial pressure is limited to 0.085 N/mm?. If the external diameter of the friction lining is 1.25 times
the internal diameter, find the required dimensions of the friction lining and the axial force exerted by the
springs. Assume uniform wear conditions. The coefficient of friction may be taken as 0.3.
[Ans. 132.5 mm ; 106 mm ; 1500 N]

max

A single plate clutch with both sides of the plate effective 1s required to transmit 25 kW at 1600 rp.m.
The outer diameter of the plate 1s limited to 300 mm and the mtensity of pressure between the plates
not to exceed 0.07 N/mm?. Assuming uniform wear and coefficient of friction 0.3, find the inner
diameter of the plates and the axial force necessary to engage the clutch.

[Ans. 90 mm ; 2375 N]

Give a complete design analysis of a single plate clutch, with both sides effective, of a vehicle to
transmit 22 kW at a speed of 2800 rp.m. allowing for 25% overload. The pressure intensity 1s not to
exceed 0.08 N/mm’ and the surface speed at the mean radius is not to exceed 2000 m/min. Take
coefficient of friction for the surfaces as 0.35 and the outside diameter of the surfaces 1s to be 1.5 times
the inside diameter The axial thrust 1s to be provided by 6 springs of about 24 mm coil diameter. For
spring material, the safe shear stress 1s to be limited to 420 MPa and the modulus of rigidity may be
taken as 80 kN/mm?. [Ans. 120 mm ; 50 mm ; 3.658 mm]

A multiple disc clutch has three discs on the driving shaft and two on the driven shaft, providing four
pairs of contact surfaces. The outer diameter of the contact surfaces 1s 250 mm and the inner diameter
1s 150 mm. Determine the maximum axial intensity of pressure between the discs for transmitting
18.75 kW at 500 r.p.m. Assume uniform wear and coefficient of friction as 0.3.

A multiple disc clutch employs 3 steel and 2 bronze discs having outer diameter 300 mm and inner
diameter 200 mm. For a coefficient of friction of 0.22, find the axial pressure and the power transmitted

at 750 r.p.m., if the normal unit pressure is 0.13 N/mm”.

Also find the axial pressure of the unit normal pressure, 1f this clutch transmats 22 kW at
1500 rpm. [Ans. 5105 N ; 44.11 kW ; 0.0324 N/mm?]

25 (3 7 dsiall Prepared by DR. Hazim Khaleel



Mechanical Design Clutches and Brakes 4th year - Mechanical. Engineering.

17-3 Cone Clutches and Brakes
a cone clutch shown in Fig. 17-7
e [t consists of
1- acup keyed or splined to one of the shafts,
2- acone that must slide axially on splines or keys on the mating shaft, and
3- a helical spring to hold the clutch in engagement.
4- afork that fits into the shifting groove on the friction cone for disengagement.

e The cone angle o between 10 and 15°.

¢
— _""—r
r
o % | it
= - -} - d
Lﬁ y
¢ S
(a) /
e (b) 77777;»
Fig. 17—7 Cone clutch.

eForce analysis The relation between the torque transmitted and the axial force may be obtained by
following a similar procedure to that for the plate clutch in Art. 17-2.
e The friction surface of the inner cone of the clutch is shown in Fig. 17-7(b) and the axial force is P.

Elementary surface area d4 = 2’7 s
sin
Normal force on d4 = 2 2.” .
Sin a
Frictional force on d4 = M
Sin o
D/2
P=21L/2 prdr . (@)
2 on L, :
~smajin T T ®)

From the assumption that “"the normal wear is proportional to the work of friction,” as discussed in Art.

17-2, it may be deduced that
C

p== (c)
r
By substituting the value of p from Eq. (c) into Egs. (a) and (b), integrating, and eliminating the constant
C, the following equation is determined for the torque transmitted by a cone clutch:
T puP(D +d) pPry,

17 -3
4sina sina ( )
_D+d_R+r

m=T T

Integrating Eq. (a) gives the actuating force P
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TP max d

P =

(D — d) (17 — 3b)

e By making the cone angle an equal to 90°, and Eq. (3) reduces to Eq. (2).

e The torque may be transmitted by a relatively small axial force if the cone-face angle is decreased.

e There is a lower limit to the angle «, however, since the frictional force that must be overcome in
releasing the clutch increases as a decreases.

e clutch with a small cone angle requires a relatively small force to engage the clutch but a large force for
disengagement.

e The SAE recommends an angle a =12.5° for cone clutches faced with leather or asbestos or having cork
inserts.

e Cone brakes are similar to cone clutches in construction and operation.

4 - BLOCK BRAKES AND CLUTCHES

Single-block brake In Fig. 17-8 is shown a single-
block brake in which the block attached to the
operating lever is forced against the rotating wheel.
The frictional force produced by the block on the
wheel will retard the rotation of the wheel.

Force analysis for friction block brake A cylindrical
wheel, or drum, that is assumed to rotate as indicated is
shown in Fig. 17-9.

Let P=operating force on block in radial direction
D =diameter of wheel
T = torgque on wheel

6 = one-half angle of contact surface of
block

b = width of wheel

u = coefficient of friction for materials of
block and wheel

p =pressure between block and wheel

Elementary arcs of contact dA = gbdqb
Normal force ondA = p%bd(;b

The component of this normal force
parallel to P is equal to

|k

b
D e b '
dP =p-bcos¢dg Fig. 17-9 (a) Single-block brake (b) Wear of block
+6 D Db +6
sz p—bcosqbdqb:—f pcosodo (a)
g 2 2 J)_g
Force of friction on elementary area = up g bd¢
+6 DZ
r = by ®)
-6

By assuming that the coefficient of friction is constant, the equation for T becomes
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DZb +6
T =p——| pdo 17 -4)
6

4
v In order to obtain an expression for the pressure in terms of ¢, it is necessary to make the assumption
"normal wear is proportional to the work of friction.”
v" From Fig. 17-9(b) the component of wear in the direction of P, that is, ab , will be constant.
The normal wear ac = ab cos ¢
v The work of friction on an elementary area is proportional to the pressure p; hence from the assumption
that the normal wear ac is proportional to the work of friction
p o ab cos ¢ or p=Ccosg

<

From Eq. (a)
CDb (*° CDb ,
P =— cos? ¢ dp = — (20 + sin 26)
2 ), 4
From Eqg. (b)
CuD?b [+ Dy*
T = f cospdep = 2Cub (—) sin @
4 ), 2
By eliminating C from the two preceding equations
_ PD 4 sin 6 _ ’PD (17 —'5)
~F 220 +sinze " H2
And from F = 2T/D;
F — up 4 sin @ (17 — 6)
~H 26 1 sinze
c . . .. — I 4sin@ . _
Substituting the equivalent coefficient of friction u’' = B oo ise N ean. (17-6)
1Y) SSA G e S A g g (SR GASAY) b s @ﬂewmw,\)qm;}%wﬁM\ﬂﬂs
- sin
slial i ()
1.30 = —
] 25 ) s o o ' i I T k| T T ;/,_V:__-__-
; b )
1.20 o
- 7
- o~
clz Z
i 2115 //
~
1.10
1.05 <
o
Wl 5T
s 10 20 30 40 50 60 70 80 90
8, degrees
Fig. 17-10 relation between (4 sin ) /(20 + sin 20) and 6
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Self-Energizing in Block Brakes 4:#ssill gisall & il gl

Fig. 17-11 (a) block brake lever Fig. 17-11 (b) block brake lever

ile daani O Sl dga ()(VV-1V) JSEIL Gaal) S i e 6 55l o g3all 03 55 61 saly
[EMy=0] - A(a+b)—Pb—Fc=0 (17 -8)
rele daan (A-VY) Aol 8g(V-1 V) el (e F = p'P iansaas
A(a+b)—Pb—u'Pc=A(a+b)—=P(b+pu'c)=0
P e duanileiag

A(a + b)
P=——
b+u'c

(MO V=) V)l msll o e e daans (0-)V) ajadl Adlan (& P (g oy &
D uAD(a+ b)

T =u'P—

2 2(b+uc) (17 -9)

Sl 58 a0 oladl San ¢ F X @b ) 560 S el Jsa F a5l ae oladl of Jaal ((A-1Y) dalaall d 1Y Ad2ada
S ae e chmay F 3l ade O G 1M A X (a4 D) gl g5 A
PP KN

O Siall Jsa ool aje S cdivie (Q)(V)-1Y) JSall 6 LS deludl oojlie sladly o sS0 ¥ sall (o 50 oladl Line )

ool slsa ol e ST F X6 amdl (5Ss mg 4818 € Ailsal) il 13 Ala) o3 b5 (S o e eladl Gudly F X ¢ s sbn g3

leale (3Ll ALl o3 udall 4 glise A oSl e DU 581 ()65 6l ddm e 58 ) dalall 090 Sl dlee a5 () (S P X D
(Y IR (e A g Ca g L 108 5 cself-energizing (S Sl

g (A=) V) Al 8 ¢ () (V)= JSED 5 LS Ao bl oyl olatls drum ¥ sall o)y 50 oladl o Lia 3 13)
[EM, =0] - A(a+b)—Pb+Fc=0 (17-8)b

ol self-energizing 51 =S A 25 A < 0 e e J 5l &g (17 — 8)b Udlad) 8 Sl 4 D) 5 48 Jany g
—PXb+Fxc=0
oAl B )
FXc>=PXxb
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Lasaad) 38 ade (e S OsS FX € Sl s ade o) G 138 FX > P X b s ob ellig byl s Gias 13
self-energizing &1 7SIl Lle Gllay Al 038 4 4o 8 568 ) Asladl 50 3S all e iy Y ol ld Wby P X b

= (VYY) At (e F oo Wiage g (Wlg FX € > P X b s ol lebods
F =upP

O (s 138
uUPxc=>Pxbhb
e duans bkl e Piiag
uxec=»hb or c=> b/
Jdd die puSal) o) oAl adal e Gary A Bada GeSE el g 0> b/p’ 58 O SR S sl B Al g8at d Al 13y
LESLall (alial) i g3l ) La glaial)

Example 25.2. 4 single block brake is shown in Fig. 25.5. The diameter of the drum is 250 mm
and the angle of contact is 90°. If the operating force of 700 N is applied at the end of a lever and the
coefficient of friction between the drum and the lining is 0.35, determine the torque that may be
transmitted by the block brake.

Solution. Given : d=250mmorr=125mm ;20=90°=n/2rad ; P=T00 N ;u=10.35

Since the angle of contact 15 greater than 60° | therefore equivalent coefficient of friction,

4usn®  4x035xsin45°

w = —— = : = 0.385
208 +sin26 m/2 + s 90°

Let Ry; = Normal force pressing the block to the brake drum. and
F_= Tangential braking force = u'". Ry;
Taking moments above the fulcrum O, we have

F, F,
700 (250 + 200) + F, x 50 = Ry %200 = L x 200 = D;Bsxzﬂﬂzﬂﬂﬂ
LL :

or 520 F,—50 F, = 700 = 450 or F.=700 = 450 470 =670 N
We know that torque transmitted by the block brake,
Tg = F,xr=0670 x 125=2383 750 N-mm = 83.75 N-m Auns.

Example 25.3. Fig. 25.6 shows a brake shoe applied to a drum by a lever AB which is pivoted
at a fixed point A and rigidly fixed to the shoe. The radius of the drum is 160 mm. The coefficient of

[riction of the brake lining is 0.3. If the drum rotates clockwise, find the braking torgue due to the
horizontal force of 600 N applied at B.

Solution. Given - r=160mm =016 m; u=03 ; P=600N

Since the angle subtended by the shoe at the centre of the drum 1s 40°_ therefore we need not to
calculate the equivalent coefficient of friction ().

Let Ry; = Normal force pressing the shoe on the drum, and
F, = Tangential braking force = u.Ry;
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Taking moments about point A,
Ry * 350 + F, (200 — 160) = 600 (400 + 350)

4th year - Mechanical. Engineering.

[t——

200 —>le—— 250 ——»|

-

—»-F, Y

TOON

F ’ N

ﬁ x350+40 F, =600 x= 750 ,.-'f 28, 0/ \"-.

or 207 F, = 450 x 10° 125

F, = 450 x 10°/1207=3728N WV /

N %

We know that bﬂkmg torque. 1

TB = F:' xr=3728 =016 All dimensions in mm.

= 59.65 N-m Amns. Fig. 25.5
B Brakes on a car wheel

(inner side)

f«— Brake drum

All dimensions in mm.
Fig. 25.6 Fig. 25.7
Example 25.4. The block brake, as shown in Fig. 25.7, provides a braking forque of 360 N-m.
The diameter of the brake drum is 300 mm. The coefficient of friction is 0.3. Find :
1. The force (P) to be applied at the end of the lever for the clockwise and counter clockwise
rotation of the brake drum; and
2. Thelocation of the pivot or fillcrum to make the brake self locking for the clockwise rotation
of the brake drum.
Solution. Given : T = 360 N-m = 360 x 10°N-mm:d=300mmorr=150mm=0.15m:
n=0.3
1. Force (P) for the clockwise and counter clockwise rotation af the brake drum
For the clockwise rotation of the brake drum. the frictional force or the tangential force (F)

acting at the contact surfaces is shown in Fig. 25.8.
|+200—-—|<7 600 ————>] }«200—%-7 0 ———
|

* L i xl L
50 5 b H\\
1004 10 / ! 00} Tt *'/E RN !
¥ ~-— Brake drum Y ! —— Brake drum
/ \ | _{//
T
Fig. 25.8 Fig. 25.9
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We know that braking torque (Tg).
360 =F,xr=F,x0.15 or F,=360/0.15=2400 N
and normal force. Ry =F,/n=2400/03=8000N
Now taking moments about the fulcrum O, we have
P (600 + 200) + F, x 50 = Ry » 200
P = 800 + 2400 = 50 = 8000 = 200
P % 800 = 8000 * 200 — 2400 * 50 = 1480 = 10°
P = 1480 x 10°/ 800 = 1850 N Ans.
For the counter clockwise rotation of the drum. the frictional force or the tangential force (F)
acting at the contact surfaces is shown in Fig. 25.9.
Taking moments about the fulcrum O, we have
P (600 +200) = F,x 50 + R x 200
P » 800 = 2400 * 50 + 8000 x 200 = 1720 = 10°
P = 1720 % 10/ 800 = 2150 N Ans.
2. Location of the pivot or fulcrum to make the brake self-locking
The clockwise rotation of the brake drum is shown in Fig. 25.8. Let x be the distance of the pivot
or fulerum O from the line of action of the tangential force (F ). Taking moments about the fulcrum O,
we have
P (600 +200) + F, x x — R % 200 =0
In order to make the brake self-locking. F, * x must be equal to Ry * 200 so that the force P is
zero.
F,*x = Ry * 200
2400 = x = 8000 = 200 or x=28000 x 200/2400 =667 mum Ans.

5 - DOUBLE BLOCK BRAKES AND CLUTCHES 4itay) 4l Jual gdll 5 gelSal)
sdalatl) (ha caagl

ol 3 @8 dlag) ga caagl)l Addadl o g0 he WaalS an (VY- V) JSA
ooki Drum <Y e blue T o liia aje oIS 1) mSU 46330 §
<D
e 02 5 O1 0 Sl Uss pgall dliasa alagl 14 6¥) 3okl -9
Sl o) sl ey alaa

R—>S S«-——'Q—[

ZM,,1=S(a+b)+F1(:—P1b=O
ZM,,2=S(a+b)—F2C—P2b=0
((V-VY) Aalaall (e aalag) (S P 3l g F 368l (G A83all - Y
F_Fa_
P, P,
58 ANN F, 5 Fp ol Glus oSy odle) (4 Gl o0 Y
- S o=l
I 7 4
e 2 T e (a+ b’
Fi=——7"F7""S5
1 02 bope
!
Fig. 17-13 Double - block brake F =(a+b)”
27 b+p'c
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Example 25.6. A double shoe brake, as shown in Fig. 25.11 is capable of absorbing a torque of
1400 N-m. The diameter of the brake drum is 350 mm and the angle of contact for each shoe is 100°.
If the coefficient of friction between the brake drum and lining is 0.4; find : 1. the spring force
necessary to set the brake, and 2. the width of the brake shoes, if the bearing pressure on the lining
material is not to exceed 0.3 N/fmm?”.

— 5 i § - T
‘X i— )(— 250
J 200

Dl
\\ — *—'—F“

zifﬂ 4(}' '
Z

All dimensions in mm.

|
| | \ _’:ru
", ‘\\_\.
ey e
-

44

Fig. 25.11
Solution. Given : Ty = 1400 N-m = 1400 x 10° N-mm : d = 350 mm or » = 175 mm ;
20=100°=100 x/180=1.75rad : n=04:p,=0.3 N/mm?
1. Spring force necessary to sef the brake
Let S = Spring force necessary to set the brake.
Ry, and F, = Normal reaction and the braking force on the right hand side shoe, and
»and F, = Corresponding values on the left hand side shoe.
Since the angle of contact is greater than 60°. therefore equivalent coefficient of friction.
L= 41 sin 6 _4x04x sin 50° 045
} 26 +sin26 75 +sin100°
Taking moments about the fulerum O,, we have

F
S % 450 = Ry X 200 + F,; (175 — 40) = ﬁ X 200 + F,; Xx135=579.4 F,
-(Substituting R, = F,/ 1)
F, =5x450/5794=0.776 §
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Again taking moments about O, we have

F,
S %450+ F, (175 -40) = Ryp % 200 = Dfﬁ x200=4444 F,

-.(Substituting R, = F./u)
4444 F,-135F, =5=450 or 3094 F,=5%450
F, =5x450/3094=14548
We know that torque capacity of the brake (Tg).
1400 x 103 = (F, + F ) r=(0.776 S + 1.454 §) 175 = 390.25 §
o S=1400 = 10°/390.25 = 3587 N Ans.
2. Width of the brake shoes
Let b =Width of the brake shoes in mm.
We know that projected bearing area for one shoe.
4, = b(2rsin®)=b5 (2 * 175 sin 50°) =268 b mm’
. Normal force on the right hand side of the shoe.
Fp 0776x§ _0.776 x 3587

_ _ = — 6186 N
B w 0.45 045
and normal force on the left hand side of the shoe.
F, 1.454 1.454 «x 3587
2 _ XS _ X228 11590 N

Ba = W 045 045

We see that the maximum normal force 15 on the left hand side of the shoe. Therefore we shall
design the shoe for the maximum normal force ie. Ry,

We know that the bearing pressure on the lining matenal ( p,).
Ryp _ 11590 _ 43.25

A4, 2685 b
4325/03=1442 mm Ans.

03 =
b
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il gl
2. A single block brake, as shown in Fig. 25 38, has the drum diameter 250 mm. The angle of confact 1s
907 and the coefficient of friction befween the drum and the liming 15 0.35. If the torque transmitted by
the brake is 70 N-m_ find the force P required to operate the brake.

[Ans. 700 N]

e 200 —»—— 200 i
—H'.—f | ‘ P
100 foN N 90
L I A
1
Y "--\.i?-!?_‘___r,_-r"} &
All dimensions i mim. All dimensions in mm.
Fig. 25.38 Fig. 25.39

3. A single block brake, as shown in Fig. 2539, has a drum diameter of 720 mm. If the brake sustains
225 N-m torque at 500 rpm ; find :

(a) the required force (P) to apply the brake for clockwise rotation of the drum;

(b) the required force (P) to apply the brake for counter clockwise rotation of the drum;

(c) the location of the fulcrum to make the brake self-locking for clockwise rotation of the drom; and
The coefficient of friction may be taken as 0.3. [Ans. 8054 N ;861 N; 1.2 m ; 11.78 kW]

4. The layout and dimensions of a double shoe brake 1s shown in Fig. 25 40. The diameter of the brake
drum 1s 300 mm and the contact angle for each shoe 15 90°. If the coefficient of friction for the brake
lining and the drum 15 0.4, find the spnng force necessary fo transmit a forque of 30 N-m. Also
determine the width of the brake shoes, 1f the bearing pressure on the lining matenal 1s not fo exceed

0.28 N/mm?. [Ans. 291 N : 5 mm]
_ _ 250 N
P P T

™~ 250
> X
NN
—+ paval _ 1
\~ /

All dimensions in min.

All dimensions in mim.

Fig. 25.40 Fig. 25.41
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Example 25.9. 4 band brake acts on the Iﬂ-‘r of circumference of a drum of 450 mm diameter

which is keved to the shaft. The band brake provides a braking torque of 225 N-m. One end of the
band is attached fo a fulcrum pin of the lever and the other end to a pin 100 mm from the fulcrum. If

the operating force applied at 500 mm from the fulcrum and the coefficient of friction is 0.235, find the
operating force whenm the drum rotates in the anticlockwise direction.

If the brake lever and pins are to be made of mild steel having permissible stresses for tension
and crushing as 70 MPa and for shear 56 MPa, design the shaft. key, lever and pins. The bearing
pressure between the pin and the lever may be taken as 8 N/imm’.

Solution. Given - d=450 mm or r=225mm TB =225 N-m =225 x 10° N-mm : OB = 100
mm ;/=500mm:p=025;c,=c =70 MPa=70 N/mm?; t=56 MPa=>56 N/mm” ; p,=8 N/mm’
Operating force

Let P = Operating force.

The band brake 1s shown 1 Fig. 25.17. Since one end of the band 1s attached to the fulcrum at
O, therefore the operating force P will act upward and when the drum rotates anticlockwise. the end
of the band attached to O will be tight with tension T, and the end of the band attached to B will be
slack with tension T, Furst of all, let us find the tensions T’ and T,

We know that angle of wrap.

8 = 2th of circumference = 2 x 360° = 270°
1 7

— 270 x = = 4713 rad
180
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All dimensions in mm.

h
and 23 log {F] = B=025%x4713=1178
I 1.178 I
log| L1 - 22 _ 95123 L3025
[TI] 23 - or 8 A7)
..{(Taking antilog of 0.5123)
We know that brakmg torque (T3).

225 % 10° = (I} - Ty) r= (T, - T,) 225
T,— T, =225 x 103/ 225 = 1000 N __ (i)
From equations (7) and (i7). we have
T, =1444Nand T, =444 N
Taking moments about the fulcrum ©. we have
P =500 = T, > 100 =444 = 100 = 44 400
P =44400/500=88.8 N Ans.

Design of shaft
Let d_ = Diameter of the shaft in mm.
Since the shaft has to transmut torque equal to the braking torque (7). therefore

Drums for band brakes.

?25x1n3‘—1— t(d,)’ =—>¢5ﬁ{d} =11(d,y

(d)* =225 x 10°/11=2045 x 10° or d_=27.3 say 30 mm Ans.
Design of key
The standard dimensions of the key for a 30 mm diameter shaft are as follows :
Width of key. w = 10 mum Amns.
Thickness of key, t = 8 mm Ans.
Let I = Length of key.
Considening the key in sheaning. we have braking torque (T3).

d 30
225 % 107 = wax:x?“—fxmxﬁﬁx?:mm!

: | =225 = 10°/ 8400 = 27 mm
Now considering the key in ::rush.u:lg we have braking torque (T3).
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t d 8 30
225 = 10° FxExcrf::{Tszfx—x?ﬂx—:ﬂfEDDI

. ] = 225 x 103/ 4200 = 54 mm
Taking larger of two values, we have /= 54 mm Ans.

Design of lever
Let t, = Thickness of the lever in mm. and
B = Width of the lever in mm.
The lever is considered as a cantilever supported at the fulcrum O. The effect of T, on the lever
for determining the bending moment on the lever 1s neglected. This error 1s on the safer side.
. Maximum bending moment at O due to the force P.
M =P = [=88.8 x 500 =44 400 N-m
Section modulus.
1

1
7 = p 3‘1.82 = P h (23‘])2 = 0.67 (rl)3 mm’ ..(Assuming B = 2t,)

We know that the bending stress ().
M _ 44400 _ 66 300
=7 Toewy @y
(r1)3 =66300/70=947 or f =9.82say 10 mm Ans.
and B =21 =2x10=20 mm Ans.

Design of pins

Let d, = Diameter of the pins at O and B. and
[, = Length of the pins at O and B=1.25d ..(Assume)
The pins at O and B are designed for the maximum tension in the band (7.e. 7, = 1444 N),
Considering bearing of the pins at O and B. we have maximum tension (7).
1444 =d .1 .p,=d, = 1.25d, = 8=10(d )
(d)? =1444/10=1444 or d,=12mm Ans.
and [, =125d,=1.25>12=15mm Ans.

Let us now check the pin for induced shearing stress. Since the pin is in double shear. therefore
maximum tension (7).

1444 Exg(a’l)z r:2x§(12)2 T=2261

T = 1444 /226 = 6.4 N/mm? = 6.4 MPa
This induced stress is quite within permissible limits.
The pin may be checked for induced bending stress. We know that maximum bending moment,

5 5
M= —XxWI =—x1444 x15 = 4513 N-mm
24 24

... (Here =T, = 1444 N)
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and section modulus, Z = % (n’l)3 = % 12)* =170 mm?
DL

. Bending stress mduced

_ M 4513

Z 170
This induced bending stress 1s within safe limits of 70 MPa.

= 26.5 N-mm’ = 26.5 MPa

The lever has an eye hole for the pin and connectors at band have forked end.
Thickness of each eye.
15

=—="75mm
2

b2 |

Ij:

Outer diameter of the eve.
D =2d,=2+12=24mm
A clearance of 1.5 mun is provided on either side of the lever in the fork.
A brass bush of 3 mm thickness may be provided in the eye of the lever.
. Diameter of hole in the lever
=d, +2x3=12+6=18 mm
) ) gl
5. The drum of a simple band brake is 450 mm. The band embraces 3/4th of the circumference of the
drum. One end of the band is attached to the fulcrum pin and the other end is attached to a pin B as
shown in Fig. 25 41. The band is to be lined with asbestos fabric having a coefficient of friction 0.3.

The allowable bearing pressure for the brake lining is 0.21 N/mm?. Design the band shaft. key, lever
and fulcrum pin. The material of these parts is mild steel having permissible stresses as follows :

g, = o,=70MPa, and 7 =56 MPa
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PROBLEMS

Problem 1 (Dimensions in mm.) <«— 200—>< 300 ~‘F
The block-type hand brake shown in the figure has a D
face width of 30 mm and a mean coefficient of
friction of 0.25. For an estimated actuating force of TQJ DIM i
400 N, find the maximum pressure on the shoe and 150 \<9|0>/ i
find the braking torque. 3 4:o

150R ‘/iotation

Problem 2 (Dimensions in mm.)

The brake shown in the figure has a coefficient of
friction of 0.30, a face width of 75 mm, and a
limiting shoe lining pressure pV = 1.7 MPa X m/s .
Find the limiting actuating force F and the torque
capacity.

|<125>1<12 5»4;400%

L 100

s

Problem 3 (Dimensions in mm.)

The shoes on the brake. depicted in the figure
subtend a 90° arc on the drum of this external
pivoted-shoe brake. The actuation force P is applied
to the lever. The rotation direction of the drum is
counterclockwise, and the coefficient of friction is
0.30.

(a) Draw the free-body diagrams of the handle
lever and both shoe levers, with forces expressed in
terms of the actuation force P.

(b) Does the direction of rotation of the drum affect
the braking torque?

Shoe

1 380 i

25 (1 22 dsiall
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Problem 4

The maximum band interface pressure on the brake
shown in the figure is 620 kPa. Use a 350 mm
diameter drum, a band width of 25 mm, a
coefficient of friction of 0.30, and an angle-of-wrap
of 270°. Find the band tensions and the torque
capacity.

Problem 5 <
The brake shown in the figure has a coefficient of
friction of 0.30 and is to operate using a maximum /’ N
force F of 400 N. If the band width is 50 mm, find 2N
the band tensions and the braking torque. ' Qﬂ
160 / F
Y
( 3 & I
Le—
< 100 >{«—225 ——>
Problem 6
The figure depicts a band brake whose drum rotates
counterclockwise at 200 rev/min. The drum \
diameter is 16 in and the band lining 75 mm wide. m

Q_‘_

ﬁ
The coefficient of friction is 0.20. The maximum Q
lining interface pressure is pV=1.5 MPa.m/s. P
(a) Find the brake torque, necessary force P, and l

steady-state power.

(b) Complete the free-body diagram of the drum.

Find the bearing radial load that a pair of s ‘»‘
D 1mnim

straddle-mounted bearings would have to carry. 550

Problem 7

The figure shows a band brake designed to prevent
“backward” rotation of the shaft. The angle of wrap
is 270°, the band width is 54 mm, and the
coefficient of friction is. 0.20. The torque to be
resisted by the brake is 200 N.m. The diameter of
the pulley is 210 mm

(a) What dimension c1 will just prevent backward
motion?

(b) If the rocker was designed with ¢1 = 25 mm, >\;; mm
what is the maximum pressure between the band P, P,

and drum at 200 Nm back torque? AN

(c) If the back-torque demand is 136 Nm, what is \Cy Rocker detail
the largest pressure between the band and drum? :

Problem 8

A plate clutch has a single pair of mating friction surfaces 250-mm OD by 175-mm ID. The mean value of
the coefficient of friction is 0.30, and the actuating force is 4 kN.
(a) Find the maximum pressure and the torque capacity using the uniform-wear model.
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(b) Find the maximum pressure and the torque capacity using the uniform-pressure model.

Problem 9

A hydraulically operated multidisk plate clutch has an effective disk outer diameter of 165mm and an inner
diameter of 100 mm. The coefficient of friction is 0.24, and the limiting pressure is 830 kPa. There are six
planes of sliding present.

(a) Using the uniform wear model, estimate the axial force F and the torque T.

(b) Let the inner diameter of the friction pairs d be a variable. Complete the following table:

d,mm ] 350 75 100 125 150

Z N.m

Problem 10
A cone clutch has D = 300 mm, d = 275 mm, a cone length of 57 mm, and a coefficient of friction of 0.28. A
torque of 200 N.m is to be transmitted. For this requirement, estimate the actuating force and pressure.

Problem 11

For a band brake similar to that shown in Fig 17-15, determine the torque in N.m on the wheel for a force
A on the operating lever equal to 90 N (assume that the wheel is 230 mm.in diameter, a =200 mm, b=250
mm., angle of contact=210°, and the coefficient of friction =0.2 and

Problem 12 .,150.’..__280'__,*_._280
the Figure shows the arrangement and dimensions :

for the preliminary design of double-block brake to
be set by a spring providing a force S on the bell
crank a. the brake is to have a torque rating of 3250
N.m at 250 rpm. Assuming that the angle of contact
for each shoe is 120° and that the coefficient of
friction for the materials in contact is 0.35,
determine the following: (a) the direction of
rotation that requires the largest spring force for
the rated torque and the value of the spring force S
for that direction; (6) the width of shoes required,
assuming pV = 1.4 MPa - m/s of projected area; (c)
the ratio of shoe width to drum diameter. Is this a
satisfactory ratio?

Problem 13 ,mrf ":‘_—}
A slip coupling, as. shown in the figure, is designed >

to slip when the load on the driven member
becomes excessive the pressure on both faces of
the flange, which'is part of the hub a, is produced
by a number of springs, such as the one shown at c. =
Using the data given below, determine the >~
deflection with which each spring must be set up in
order that the coupling will slip at a torque
corresponding to 20 percent overload on a 19-kW
motor running at 300 rpm. Use the equation based
on the assumption that the normal wear is
proportional to the work of friction.

Outer diameter of friction disks 790 mm

Inner diameter of friction disks 480 mm _
Number of bolts and springs 12

RN

7

-

N

——

E
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Coefficient of friction (assumed) 0.14
Spring rate for each spring 440 kN/m

Problem 14

The backstop shown schematically in the figure is
used to prevent backward rotation of the shaft. A
sector is pivoted at 0, and one end of the band is
attached to it and operates at a radius r2 =57 mm.
The other end of the bend is attached at point a so
that Oa =rl1= 25 mm. The diameter of the wheel is
210 mm, the angle of Wrap is 270°, and the width of
the band is 54 mm. The torque on the wheel is 400
N.m. Assuming a coefficient of friction between the
band and wheel equal to 0.2, determine the
following:

(a) the maximum band tension; (6) the maximum
pressure between the band and wheel; and (c)
whether the backstop is self-locking.

Problem 14 (DIM in mm)

The arrangement of a transmission brake is shown
in Figure. The arms are pivoted at O and, when
force is applied at the end of the hand lever, the
screw AB will rotate. The left- and right-hand
threads working in nuts on the ends of the arms will
move the arms together and thus apply the brake
The force on the hand lever is applied 380 mm from
the axis of the screw. The drum is 175 mm in
diameter, and the angle subtended by each block.is
90° The screw has six square threads with a mean
diameter of 20 mm and a lead of 54.mm. Assuming
a coefficient of friction for the braking surfaces that
is equal to 0.30 and for the threads equal to 0.15,
determine the force on the hand lever required to
set the brake when the torque on the drum is 200
Nm.

Problem 15 (DIM in‘mm)

The wheel of the double-block spring-set brake
shown in Fig is 300 mm in diameter and the
dimensions are @ =200 mm. and b = 250 mm.
Assuming that there s a coefficient of friction of 0.4
and that the angle of contact for each block is 110°,
determine the spring force that is required for the
brake to resist & torque of 800 Nm. (b) Assuming
that the value of the design factor pV =1 MPa-
m/s projected bearing area and that the normal
operating speed of the drum is 300 rpm, determine
the width of brake shoes required
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