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Introduction

Clutches and brakes are used extensively in all kinds of machinery. Vehicles all need
brakes to slow down or stop their motion, as do many stationary machines. Clutches are

needed to interrupt the flow of power from a prime mover (engine, etc.) to the load.

/~ Clutch or brake

¥

| -

I, .

UNIVERSITY




Introduction

A clutch and a brake are essentially the same device, the principal difference being
that both sides of a clutch (input and output) are capable of rotation, but the output
side of a brake is fixed to some nonrotating “ground plane,” which itself may have

some other motion, as in the case of an automobile chassis.
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Types of Clutches and Brakes

Many different styles of clutches/brakes are made, but

. Piston
the most common style uses frictional contact between Caliper

Pad
two or more surfaces to couple the input and output

Backing
plate
sides together. Clutches and Brakes are examples of
] \
machines that use friction in a useful way. . Brake fluid
The friction surfaces can be moved into and out of [
O
engagement by any of several means including direct 7& -1— Rotor/disc

Hub

mechanical, electromagnetic, pneumatic, hydraulic, or L
combinations of these.
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Types of Clutches and Brakes

There are five different types of clutch and brake: a) Internal, expanding rim type, b)

external contracting rim type, c) band brake, d) thrust disk, €) cone disk.
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Clutches and Brakes

« Working principles and some examples
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How Clutches Work
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How Brakes Work
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Clutch and Brake Design

Except for high-volume, specialized applications such as vehicle design, a machine
designer seldom designs a clutch or brake from scratch. For the typical
machine-design application, one usually selects a commercially available clutch or

brake assembly from the many manufacturers’ offerings.

The design problem then becomes one of properly defining the torque, speed, and
power requirements and the character of the load. The inertia of the rotating
elements to be accelerated by a clutch or decelerated by a brake can have a
significant effect on the required size of that device and must be carefully calculated.
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Clutch and Brake Design

The clutch/brake manufacturers’ catalogs contain extensive engineering data that
rate each device on its torque and power capacity and also suggest empirical
derating factors for situations with shock loads, high duty cycles, etc. Once the
loading is well defined, a suitable device can be specified using the manufacturers’

rating data modified by their suggested service factors.

The designer’s task then becomes that of proper load definition for the

application, followed by proper use of the manufacturers’ rating data.
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Clutch and Brake Design

Clutches and brakes are essentially energy-transfer or energy-dissipation devices and
as such generate a great deal of heat in operation. They must be designed to absorb

and transfer this heat without damage to themselves or their surroundings.

The thermal design of clutches and brakes goes s Brake pads
beyond the scope of our discussion but we need
to be aware of the heat transfer aspect of

clutch/brake design and take it into account

based on manufacturer’s guidelines.
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Disk Clutches and Brakes
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Torque and Normal Actuating Force are computed as:
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Uniform Pressure Model: P, = mpo (7’3 — 7‘7,2) 1y = (r )

Uniform Wear Model:  Puw = 27pmaxi (1o — 73) Tw = TpUTiPmax (o — 77)
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Cone Clutches and Brakes
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Torque and Normal Actuating Force are computed as:

0 W (D? — d*
Uniform Pressure Model: W = -2 (D* — d°) — M_ ( )
4 3sin a (D? — d?)
D/2 W
Uniform Wear Model: W = 271'6/ dr =mwc(D—d) T=-——(D+d)
d/2 4 sin « ’
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Short-Shoe Clutches and Brakes

dsW
N | F . P =
ormal Force ds — pds
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Torque (Energizing): T = pdar W Torque (Deenergizing): T = pHaa
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Long-Shoe (Internal, Expanding) Clutches and Brakes

o sin @
Pressure Distribution: P = Pmax ( ; )
sin 0,

Normal Force Moment:

02
Mp = / dosin 0 dp — L10Pmax / sin 0 df
sin @, 6,
brd?pmax T . .
Tsin [2 (62 — 61) Tege — Sib 202 + sin 291]

Friction Force Moment:

UPmaxbr
sin 6,

Mpr =

[7" (cos B2 + cos ) — % (Sin2 62 — sin” 91)]

Self-Energizing shoe: —Wds — Mprp + Mp =0
Deenergizing shoe: —Wdes + Mp + Mp =0
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Pivot-Shoe Clutches and Brakes

¥
udP sin 6

Rotation N
I~ pdP Hape cos 0

84

——r coSs 0+

Pressure Distribution: P — Pmax COS v,

Torques: 1T = Q,M“prmax sin 6>
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Band Clutches and Brakes

Forces:

Maximum Pressure: Pmax = _br

Uniform Wear Model: T" = ([ — Fb)
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Thank you for your attendance :D
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Copyright Claim

The notes contain copyrighted material. It is intended
only for students in the class in line with the provisions
of Section VB of the Copyright Act for the teaching

purposes of the University.
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