SOLID MECHANICS

DYNAMICS

FRICTION CLUTCHES

On completion of this short tutorial you should be able to do the following.
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Describe a conical and a flat plate clutch.

Describe a multi-plate clutch.

Explain the constant wear theory.

Explain the constant pressure theory.

Solve problems involving power transmission with clutches.

It is assumed that the student is already familiar with the following concepts.
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1. Introduction
First let's revise the basics of dry friction.

Consider a small block sliding over a surface.

Friction Force
-‘_

Figure 1

The force pressing the two surfaces together is R (the normal force). When the surfaces slip, the force F
required to produce movement is equal and opposite of the friction force between the surfaces. F and R are
related by Coulomb’s Law of Friction.

F=uR  where pu is the coefficient of friction.
2. Wear Theory

Research has shown that the wear between two rubbing surfaces depends upon the pressure between the
surfaces and the speed at which they rub.

There are two theories concerning the torque required to produce slip between the surfaces of a clutch. One
theory assumes the pressure is even over the surface of contact in which case the wear is greater at the
outside due to the greater velocity of rubbing. The other theory assumes that the wear is uniform in which
case the pressure is not evenly distributed.

3. Conical Clutches

The picture shows a typical conical clutch for larger
power transmission applications. There are two cones
covered in friction material and when they are forced
apart they rub against the steel outer casings and lock
them together thus engaging the two halves.

two cones
covered with
friction lining

Figure 2

©D. J. Dunn www.freestudy.co.uk



3.1  Geometry

A conical clutch transmits rotation from one shaft to another through friction forces on the conical face.

The cone has a half angle of § and the two halves
are forced together with a force R.

D, Dj R
Figure 3

Consider an elementary ring on the face of the cone at radius r and radial width dr.

N ar
5 //\aﬁ

Figure 4

The length of the ring along the sloping surface is dr/sinf3. The area of the ring (dA) is approximately the

circumference (2xr) times the width dr/sinf3.

dA = 2mr dr 1
= sinp " (D

3.2 Uniform Pressure Theory

The force pressing the surfaces together produces a uniform pressure between them of p N/m?. The force
normal to the surface is R and the force on the element is dR’

dR'=pdA
Substitute (1) for dA
2nprdr
dR' = ———
sinf3

The total force R' acting on the conical surface is found by integrating

Do
R,_j‘TZTtprdr 2mp _2mp [r? e
a % sinB  sinp D1 - smB 4smB i
_ 4R’sinf 3
p [DZ —DZ] " 3
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When the clutch slips, the friction force acting on the ring is udR'. This force produces a small torque

dT = r udR’
Substitute (2) for dR'
2
T = Hpn r?dr
sinf3

The total torque is obtained by integrating between the inside and the outside.

D, Do

_2ppm (2, 2ppm[r®|Z  upm

~ sinf % rar= sinf | 3 [p; ~ 12sinp
2

[D3 — D7

Substitute (3) for p
4R'si
T = wlr y sinf3
12sinB = m[D% — D?]

x [D3 — D]

T

_ WK lDf; - D?l
3 |DZ - D?

In this derivation, R’ is the total force acting normal to the surface. If this is resolved to give the axial force
R =R'sinp and so
uR [D} - D}

T=——7|——75|. . 4
3sinB |D2 — Dlzl )

3.3 Uniform Wear Theory
Consider the elementary ring again. dR'=p dA
The velocity of any point is v m/s and the angular velocity is o rad/s.

Uniform wear theory assumes that the wear is constant everywhere and it is directly proportional to
pressure X velocity (when slipping).

Wear o« p v
Since v = or
Wearcpor
For constant o
wear oc pr
wear
p o< -

The wear is constant so it follows that
constant C

r r
As before the normal force is dR'= pdA
Substitute (1) for dA
2nprdr
dR’ _
sinf3
Substitute for p
R’ = 2mc dr .
snp (5
Integrate
Do
, _2mc (2 mC [ D]
~ sinf Joi T sinf° !
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When the clutch slips, the friction force acting on the ring is p dR'
This force produces a small torque of dT

dT =urdR’
Substitute (5) for dR’
21 cpu rdr
sinf3
Integrate
2 D 2
CcT CcT CcT
T="0 [ Frar =0T " [pz - p?]
sinf3 % sinf3 451n[3

Substitute (6)
uR’[D3 — Df] _ uR'[(D, + D;)(D, — Dj)] _ uR’'(D, + D;)
4[D, — Dj] 4[D, — Dj] 4

T =

Again, resolving R' to give the axial force R we get:

_ HR,(DO + Di)
4sinf3

WORKED EXAMPLE No. 1

A conical clutch has an included angle of 120°. The outer and inner diameters are 80 and 20 mm
respectively. Calculate the force required to press the two halves together if it is to transmit 200W at
600 rev/min. The coefficient of friction is 0.3. Use both the uniform wear theory and the uniform

pressure theory.
SOLUTION

Identify the variables and constants.
N = 600 rev/min B =120/2=60°. D,=0.08 m D;=0.02m p=0.3
Power P =200 W

UNIFORM PRESSURE
_ 60P 60 x200

=N Znx 600 183N

uR Dg—Dfl _ 03R [0.083 —0.023

= = = 3.1831
3sinB [DZ — DZ|  3sin60° |0.082 — O.OZZl

_ 3sin60°[0.082 — 0.022
0.3 [0.083—-0.023

l x 3.1831 = 328.172 N
UNIFORM WEAR

uR T X 4sinf  3.1831 X 4 X sin60°

- 4sinf3

u[D, + D] 0.3 x [0.08 + 0.02]
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SELF ASSESSMENT EXERCISE No. 1

1. The following data is for a conical clutch.

Inside diameter 30 mm
Outside diameter 110 mm
Coefficient of friction 0.23

Axial force 800 N.
Included angle 80°.

Speed 1 000 rev/min

Calculate the torque and power that can be transmitted without slipping using

a) The uniform pressure theory. (11.11 Nm and 1163 W)
b) The uniform wear theory. (10.02 Nm and 1049 W)

2. The following data is for a conical clutch.

Inside diameter 20 mm

Outside diameter 120 mm

Coefficient of friction 0.3

Included angle 100°.

Speed 3000 rev/min

Calculate the axial force needed to allow the transmission 800 watts without slipping using
a) The uniform pressure theory. (204.1 N)
b) The uniform wear theory. (238.8)
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4. Flat Clutch Plates

The diagram shows a basic flat clutch. A disc with friction material is pressed against a second disc thus
engaging them by friction and making both discs rotate together.

Figure 5

A flat clutch is a special case of a conical clutch with an included angle of 180°. It may be idealised like
this.

- _
B e 1

Figure 6

Consider a rotating shaft with a disc at the end that presses up against another so that rotation is
transmitted from one to the other by friction.

This is the special case of the cone clutch when B = 90° and sinf = 1. This produces the results:

4.1  Uniform Pressure Theory
=M l_D?, — D?l face of contact
= per surface of contac
3 |D2 - D?
4.2 Uniform Wear Theory
uR

T= T [D, + D;] per surface of contact
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4.3 Multi-Plate Clutches

Figure 7

These are constructed with one set of plates attached to the inner shaft and the other plates to the outer
case. The plates are forced together with a mechanism. On the diagram, there are five surfaces in contact
and this allows a greater torque to be transmitted before slip occurs. If there are n surfaces of contact then
the maximum torque is increased n times.

Values of pressure p vary from 350 kPa to 2 800 kPa depending on the material. The coefficient of friction
is typically 0.25 for dry materials and 0.05 when immersed in oil.
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WORKED EXAMPLE No. 2

The following data is for a multiplayer clutch.

Number of

Contact surfaces. 5
Speed rev/min 2 000

Outside diameter mm 150
Inside diameter mm 80
Coefficient of friction 0.25
Axial force R is 600 N

[ ]

theory.
e Calculate the maximum power that the clutch
pressure theory.

Calculate the maximum power that the clutch can transmit without slipping based on constant wear

can transmit without slipping based on constant

SOLUTION
Identify the following
n=>5
N =2 000 rev/min
Dy=0.15m
D;=0.08 m
p=0.25
R=600N
Uniform Pressure
p_ MR[D3-Df| _ 0.25x600[015° - 008
“3|pz-pZ|" T 3 |o1s52—o0082| 0T FHW M
p= 2TINT _ 2t X 2000 x 44.457 — 9311 Watt
~ 60 60 = ans
Uniform Wear
uR 0.3 X 600
T="" [D, + DiJn = ———[0.15 + 0.08] x 5 = 43.125 Nm
p_ 2TNT _2mx2000x43125 . .
~ 760 60 - ars
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SELF ASSESSMENT EXERCISE No. 2

1. A multi-plate clutch must transmit 20 kW of power without slipping at 4000 rev/min. The coefficient
of friction is 0.28. The inner and outer diameters are 80 and 160 mm respectively. The axial force
applied to the plates is 460 N. Determine the number of plates required using:

i. The uniform pressure theory. (5.958 round up to 6)
ii. The uniform wear theory. (6.178 round up to 7)

2. A multi-plate clutch must has three contact surfaces and transmits power at 1500 rev/min. The
coefficient of friction is 0.4. The inner and outer diameters are 30 and 150 mm respectively. The axial
force applied to the plates is 400 N. Calculate the torque and power that can be transmitted without
slipping using:

i. The uniform pressure theory. (24.8 Nm and 3896 Watts)
ii. The uniform wear theory. (21.6 Nm and 3393 W)
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