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Introduction (1)
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Introduction (2)
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1. Rim types with internal expanding shoes
Rim types with external contracting shoes
Band types

Disk or axial types

Cone types
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Miscellaneous types



Types of clutch and brake (1)
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Types of clutch and brake (2)

Disk or axial types

Clutch in automobile

Cone types




Internal Expanding Rim type (1)
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Internal Expanding Rim type (2)

a 6 . .
Vas Narsanluluudsauaa A (Hinge pin)

& .
Y
g

:jde(r—acose)

JdN cos 0 —

aHl

M, =] dN (asin6)

p.bra; jsm 0 do

sind, 5

The actuating force, F

DM, =0]m F-

M, -M

C

/

Rotation \

i My = M, aziian3dl Self-locking fa liduiludasaanuss F Alianaun
VAIUNULFLANIUAD drum e



Internal Expanding Rim type (3)
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Internal Expanding Rim type (4)
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Example

The brake shown in Fig.16-8 is 300 mm in diameter and is actuated by a mechanism that
exerts the same force F on each shoe. The shoes are identical and have a face width of 32
mm. The lining is a molded asbestos having a coefficient of friction of 0.32 and a pressure
limitation of 1000 kPa. Estimate the maximum
(a) Actuating force F

(b) Braking capacity

(c) Hinge-pin reactions
[Ex.16-2 Shigley’s Mechanical Engineering Design 9" Edition.
Richard G. Budynas and J. Keith Nisbett]
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External Contracting Rim type (1)
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External Contracting Rim type (2)

Hinge-pin reactions
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External Contracting Rim type (3)

#In drum %guné’uﬁmﬂ”ﬂugﬂ
MIANUIWILTWLTULAN NULANGIIAS

The actuating force, F

M, -M

C

/

DM, =0]m F-

¥ A . X
nykbazLng Self-energizing effect U

NNIRIBITUAT Hinge-pin reactions £19A3

AL AWLAN LINYILAINNANISVDILTILRYE

mMuwaztUasnulagll

—

otation



Band-type (1)
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Band-type (2)
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Frictional-Contact Axial Clutches
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1. Uniform wear

2. Uniform pressure



Uniform Wear
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Uniform Pressure
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Disk Brakes (1)
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Disk Brakes (2)
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A o =< ~ o
alwnsEnwsaasn az ke

d
pr:pai:pa_

- 61 X
Actuating force, F
0,1, 7,
F=[[prdrdo=0,-0)[prdr
0, r; s

o F = (6, _61)]%7”:'(17”0 —1)

==
T

e

. . _ 7o i
Transmitted torque, T Equivalent radius, r, Ve = )

92 ¥ 7y
T=[fpr* drdo=0,-6)f|pr dr Position to center of force
o, 7; 7

1 F_cosﬁl—cosﬁz.ro—ri
» T:§(92_91)fpa7;(r02_rz'2) B 92—01 2




Drum Brakes : Disk Brakes
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Example

Two annular pads, ro= 3.875 in, r,= 5.50 in, subtend an angle of 1080, have a coefficient of
friction of 0.37, and are actuated by a pair of hydraulic cylinders 1.5 in in diameter. The
torque requirement is 13,000 Ibf-in. For uniform wear

(@) Find the largest normal pressure p.,.

(b) Estimate the actuating force F.

(c) Find the equivalent radius re and force location.

(d) Estimate the required hydraulic pressure
[Ex.16-3 Shigley’s Mechanical Engineering Design 9" Edition. Richard G. Budynas and J. Keith Nisbett]



Energy Considerations (1)
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Energy Considerations (2)
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Energy Considerations (3)
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Energy Considerations (Brake)
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Temperature Rise
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E = mC AT m : mass of clutch or brake parts, kg
Cp specific heat capacity
500 J/(kg- C) for steel or cast iron

AT : temperature rise, °C
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Friction Materials (1)

Area of Friction Material Required for a Given Average Braking Power

Ratio of Area to Average Braking Power,

in2/(Btu/s)
Band and Plate Disk Caliper
Duty Cycle Typical Applications Drum Brakes Brakes Disk Brakes
Infrequent Emergency brakes 0.85 2.8 0.28
Intermittent Elevators, cranes, and winches 2.8 7.1 0.70
Heavy-duty Excavators, presses 5.6-6.9 13.6 1.41

Woven Molded

Lining Lining

Compressive strength, kpsi 10-15 10-18 10-15

Compressive strength, MPa 70-100 70-125 70-100

Tensile strength, kpsi 2.5-3 4-5 34

Tensile strength, MPa 17-21 27-35 21-27

Max. temperature, °F 400-500 500 750

Max. temperature, °C 200-260 260 400

Max. speed, ft/min 7500 5000 7500

Max. speed, m/s 38 25 38

Max. pressure, psi 50-100 100 150 Some Properties of
Max. pressure, kPa 340-690 690 1000

Frictional coefficient, mean 0.45 0.47 04045 Brake Linings




Friction Materials (2)

Friction Materials for Clutches

Friction Coefficient Max. Temperature Max. Pressure
Material Wet Dry °F °C psi kPa
Cast iron on cast iron 0.05 0.15-0.20 600 320 150-250 1000-1750
Powdered metal* on cast iron 0.05-0.1 0.1-0.4 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 60-90 400-620
Leather on steel or cast iron 0.12 0.3-0.5 200 100 1040 70-280
Cork on steel or cast iron 0.15-0.25 0.3-0.5 200 100 8-14 50-100
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 50-100 350-700
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 5 percent for specific materials in this group.



Friction Materials (3)

Characteristics of Friction Materials for Brakes and Clutches

Maximum
Velocity Vimax,
ft/min

Applications

Friction TR Maximum Temperature

Coefficient Pressure Instantaneous, Continuous,
Material f Pmax: PSi °F °F
Cermet 0.32 150 1500 750
Sintered metal (dry) 0.29-0.33 300-400 930-1020 570-660
Sintered metal (wet) 0.06-0.08 500 930 570
Rigid molded asbestos (dry) 0.35-0.41 100 660-750 350
Rigid molded asbestos (wet) 0.06 300 660 350
Rigid molded asbestos pads 0.31-0.49 750 930-1380 440-660
Rigid molded nonasbestos 0.33-0.63 100-150 500-750
Semirigid molded asbestos 0.37-0.41 100 660 300
Flexible molded asbestos 0.39-0.45 100 660-750 300-350
Wound asbestos yarn and 0.38 100 660 300
wire
Woven asbestos yarn and 0.38 100 500 260
wire
Woven cotton 0.47 100 230 170
Resilient paper (wet) 0.09-0.15 400 300

3600

3600
3600
3600
4800
4800-7500
3600
3600
3600

3600

3600

PV <500 000
psi - ft/min

Brakes and clutches

Clutches and caliper disk
brakes

Clutches

Drum brakes and clutches
Industrial clutches

Disk brakes

Clutches and brakes
Clutches and brakes
Clutches and brakes

Vehicle clutches

Industrial clutches and
brakes

Industrial clutches and
brakes

Clutches and transmission
bands
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