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Clutches




Purpose

A clutch is designed with the following requirements
* Allow the vehicle to come to a stop while the transmission remains in gear
* Allow the driver to smoothly take off from a dead stop
* Allow the driver to smoothly change gears
* Must not slip under heavy loads and full engine power



Components

* Primary components

* Flywheel
 Clutch disc
* Pressure plate

Throwout bearing

e Secondary components
* Pilot bearing
* Release fork

\ WA "‘." o 1 e '\ | "l “:' .':_'.'u‘| {12
 Slave cylinder AR ) DA I s RS Ly
\ )8 S \Va S 106 Nem 1K

DALY

PLAT

How a Clutch Works



http://auto.howstuffworks.com/clutch3.htm

Clutch disc
Clutch cover

Flywheel

Release bearing

Clutch release bearing hub
Clip



Operation

* Flywheel

* The flywheel attaches to the
crankshaft flange

* The flywheel’s mass is used to
store rotational energy to
allow the vehicle to smoothly
start out

* The flywheel has a machined
surface, which the clutch disc
rides on

* The pressure plate bolts to the
flywheel




Flywheel

Standard (new): 0.05 mm (0.002 in ) max.
Service limit: 0.15 mm (0.006 in) max.

Flywheel
Ring gear yw

Dial indicator



Operation
* Clutch disc

e Lined on both sides with a friction =
lining similar to a brake pad |

* The internal hub splines to the
input shaft of the transmission

* The two friction linings are
separated by Marcel springs

* These springs allow the linings to
“slip” on apply and release
* The friction linings are connected
to the central hub by torsional
dampening springs
* These springs help dampen the apply

and isolate engine/driveline
vibration/pulsations







Friction ring Drive washer

- i

Hub flange
Stop pin
Cushion springs

Facings

Torsional vibration
coll sprinas
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Operation

* Pressure Plate
* Apply pressure to the clutch disc

» “Squeezes” the clutch disc between
itself and the flywheel

* Allow the clutch disc to release
* When vehicle is stopped or driver is
shifting
* Different designs used
* Long
* Old Fords, muscle cars, and trucks
* Borg and Beck
e Chrysler and some early GM
e 12 Coil springs
* Very stiff pedal
* Diaphragm
* Most common
e Uses a Diaphragm spring




Pressure plate

Cover

Pressure
spring

Roller

Eyebolt

Release lever
Strut _
Release lever spring



CLUTCH COVER

: RELEASE
RELEASE LEVER YOKE LEVER

OPTIONAL
CONSTRUCTION

- r
123 124

| S

- PULLS PLATE
FORCE TO RELEASE
APPLIED HERE CLUTCH

PIVOTS HERE



Operation

* Throwout Bearing

» Exerts force on the pressure plate to
compress the springs and release
the clutch disc

* May be mechanically or
hydraulically operated




Operation

* Pilot Bushing/Bearing
e Located in the rear of the crankshaft

e Supports and centers the
transmission input shaft

* Replace when servicing a clutch




Release Fork
Throwout bearing

Link between the
linkage or slave
cylinder and the
throwout bearing

X

d 1\- ﬁ\.‘a AN
\'yy f -Clutch fork
LA A\ /
CANEY A



Release Systems

* Mechanical
* A system of levers and linkages and/or cables connecting the clutch pedal
with the release fork
* Hydraulic-Mechanical
* A hydraulic master cylinder is used to transmit force to the slave cylinder
which pushes on the release fork
* Hydraulic

* A hydraulic master cylinder is used to transmit force to the slave cylinder
which is located in the bellhousing and pushes directly on the throwout
bearing



Mechanical Release

PEDAL RETURN
SPRING

-’
CLUTCH L)
FLEX CABLE \ 3
—— CLUTCH
T = PEDAL
A" e s
> ~ ~
/ N % \
‘ \
~ \ \

FORK RETURN
SPRING



Mechanical Release

Link
Retainer

Pedal-to-equalizer rod Over-center spring

Equalizer shaft
Bracket and bumper

Release lever
Pedal

.1-"-___. F
sm‘mmn
Release rod
Retracting spring




Cable Release

FRONT OF VEHICLE CABLE WASHERS L_;f:___}_:.__-._

=_" /CABLE
BALL END

e

OUTER
CABLE
HOUSING

FIRE
WALL

SHAFT

INNER CABLE

CLUTCH
PEDAL

RETURN
CLUTCH CEVER =~ SPRING

HOUSING

LOCKNUT

ADJUSTING NUT



Mechanical-Hydraulic Release




Mechanical-Hydraulic Release

______
-'{E‘.-" ;;;;

"--.________ .':':.',.',u',-. GIUt'Dh master
cylinder reservoir

Clutch master
cylinder

Pressure plate
assembly

Throwout Clutch disc

bearing

EIL:}GP Hydraulic
peda line Clutch
fork

Boot

i
)):

v

Clutch slave
cylinder



How a Clutch Works
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Dynamometers




DEFINITION

 Adynamometer is a brake but in addition it has a device to
measure the frictional resistance. Knowing the frictional
resistance, we may obtain the torque transmitted and hence
the power of the engine.

DYNAMOMETER 1 ENGINE UNDER TEST 5 TORQUE ARM
2 COUPLING B HOUSING
@ 3 TACOMETER 7 ROTOR
@ 4 scaALES 8 TRUNNION




Types Of Dynamometers

1) Absorption Type
a) Prony Brake Dynamometer
b) Rope Brake Dynamometer
2)Transmission Type
a)Epicyclic train dynamometer
b) Belt Transmission dynamometer
c) Torsion dynamometer



* In the absorption dynamometers, the entire energy or power
produced by the engine is absorbed by the friction resistances of the
brake and is transformed into heat, during the process of
measurement. But in the transmission dynamometers, the energy is
not wasted in friction but is used for doing work. The energy or power
produced by the engine is transmitted through the dynamometer to
some other machines where the power developed is suitably
measured.



Prony Brake Dynamometer

. i >
Mt T 0
?_-; “y "-Jlﬂ - Spring
_‘ ‘ T TT Lever !
Counter = I"'“'--I I8 > Block
: i el — 1 ocks
weight AN .I'-T:-L v
Pulley — | .vv";
(1] (1]

When the brake is to be put in operation, the long end of the lever is loaded with
suitable weights W and the nuts are tightened until the engine shaft runs at a
constant speed and the lever is in horizontal position. Under these conditions, the

moment due to the weight W must balance the moment of the frictional resistance
between the blocks and the pulley.



Let W = Weight at the outer end of the lever in newtons,

L = Horizontal distance of the weight W

from the centre of the pulley in metres,

F = Frictional resistance between the blocks and the pulley in newtons,

R = Radius of the pulley in metres, and

N = Speed of the shaft in r.p.m.

We know that the moment of the frictional resistance or torque on the shaft,

T=WIL=FRN-m
Work done in one revolution
= Torgue = Angle turned in radians

= T »=x2m IN-m
Work done per minute
= T >x21m N IN-m
We know that brake power of the engine,

_ Workdone per min.  Tx2mN W.Lx2nN
60 60 60

watls

B.P.



Rope Brake Dynamometer
It is another form of absorption type dynamometer which is most commonly used for measuring
the brake power of the engine. It consists of one, two or more ropes wound around the flywheel
or rim of a pulley fixed rigidly to the shaft of an engine. The upper end of the ropes is attached
to a spring balance while the lower end of the ropes is kept in position by applying a dead
weight as shown in Fig. In order to prevent the slipping of the rope over the flywheel, wooden
blocks are placed at intervals around the circumference of the flywheel.

In the operation of the brake, the engine is made to run at a constant speed. The
frictional torque, due to the rope, must be equal to the torque being transmitted by the engine.

Let W = Dead load in newtons,
S =Spring balance reading in newtons,
D = Diameter of the wheel in metres,
d = diameter of rope in metres, and
N = Speed of the engine shaft in r.p.m.



Cooling

water

Dead weight

Section of wheel rim



- Net load on the brake
— (W _S)N
We know that distance moved in one revolution
= m{D+ d)m
Work done per revolution
= (W —-S8S)rn(D+d) N-m
and work done per minute
= (W —-S)in(D+d) N N-m

Brake power of the eﬁgine,
Workdone permin (W —-S) n(D+d)N
60 60

If the diameter of the rope (d) is neglected, then brake
power of the engine,

B.P= watts

_ (W-S)rDN
B 60

B.P. watts




Epicyclic-train Dynamometer

Annular gear

AT 2P
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Spur gear

Lever m S
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For equilibrium of the lever, taking moments about the fulcrum F,
2Pxa=WL or P=WL/2a
Let R = Pitch circle radius of the spur gear in mefres, and

N = Speed of the engine shaft in r.p.m.
. Torque transmitted, T=P.R

B Tx2nN ~ P.Rx2nN
60 60

and power fransmitted watts




Belt Transmission Dynamometer-Froude or
Thorneycroft Transmission

Dynamometer
T1
~ | . ,Driving Pulley < G J N F
) S | A . J-E" l _Il_ y rame
e\ (s 8\ -
. N | Sy | ‘[‘ o=
\ / — *— 1. a
\ : J . T".-." / -..I_IL
N /" Driven Pulley D ] l:l-"
e ____.-' = .-__.'
- . - + - [
—f



When the belt is transmitting power from one pulley to another, the tangential effort on
the driven pulley is equal to the difference between the tensions in the tight and slack
sides of the belt. A belt dynamometer is introduced to measure directly the difference
between the tensions of the belt,while it is running.

Now taking moments about the pivot E, neglecting friction,

W.L

)

yxa=2Hxa+W.L or I -T, =

Let D = diameter of the pulley A in metres, and
N = Speed of the engine shaft in rp.m.

Work done in one revolution= (7, =T, ) D N-m

and workdone per minute = (I, =T,)x DN N-m

(T, -T,)" DN
60

Brake power of the engine, gp = watts




Torsion Dynamometer

A torsion dynamometer is used for measuring large powers particularly the power
transmitted along the propeller shaft of a turbine or motor vessel. A little
consideration will show that when the power is being transmitted, then the driving
end of the shaft twists through a small angle relative to the driven end of the shaft.
The amount of twist depends upon many factors such as torque acting on the shaft
(T), length of the shaft (l), diameter of the shaft (D) and modulus of rigidity (C) of the
material of the shaft. We know that the torsion equation is

CH

r_c8
=
where 0 = Angle of twist in radians, and
J = Polar moment of inertia of the shaft
For a solid shaft of diameter D, the polar moment of inertia

J= 1}: I_"H
32



and for a hollow shaft of external diameter D and internal diameter d, the polar moment of inertia,
J=Zp*-d
32

From the above torsion equation,

CJ
T:Txﬁzﬂ;.ﬁ

where k= C.J/lis a constant for a particular shaft. Thus, the torque acting on the shaft is proportional
to the angle of twist. This means that if the angle of twist is measured by some means, then the torque
and hence the power transmitted may be determined.

We know that the power fransmitted

_Tﬂﬂ:N

60
A number of dynamometers are used to measure the angle of twist, one of which is discussed

in Art. 19.21. Since the angle of twist is measured for a small length of the shaft, therefore some
magnifying device must be introduced in the dynamometer for accurate measurement.

P watts, where N is the speed in .p.m.




Bevis-Gibson Flash Light Torsion Dynamometer

|
(‘I';.} —=————— =i —_—_—__T—— — -
o i
R eceszerzzennme e ==
e




	Slide 1: DYNAMICS OF MACHINERY
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Clutches
	Slide 12: Purpose
	Slide 13: Components
	Slide 14
	Slide 15: Operation
	Slide 16: Flywheel
	Slide 17: Operation
	Slide 18: Marcel Springs
	Slide 19
	Slide 20
	Slide 21: Operation
	Slide 22
	Slide 23
	Slide 24: Operation
	Slide 25: Operation
	Slide 26: Release Fork
	Slide 27: Release Systems
	Slide 28: Mechanical Release
	Slide 29: Mechanical Release
	Slide 30: Cable Release
	Slide 31: Mechanical-Hydraulic Release
	Slide 32: Mechanical-Hydraulic Release
	Slide 33: Hydraulic Release
	Slide 34: Dynamometers
	Slide 35: DEFINITION
	Slide 36: Types Of Dynamometers
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49

