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ABSTRACT

I n accordance with the objective of the
Federal governnent of N geria to support the devel op
ment of |ow cost vehicles based on locally avail abl e
t echnol ogy, the Departnent of Mechani cal Engi neering
of Ahmadu Bello University was given the task of
devel opi ng the engine. The engine, for a start, is

a 2-stroke, 2-cylinder petrol engine

Part of the engine is an overrunning starter
Mechani sm whi ch was desi gned, constructed and tested

inthis project.

The overrunning starter Mechanismis in the
formof a freewheeling clutch which transmts torque
in only one direction and overruns in the other

di recti on.
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NOMENCLATURE

addendum, mm

tensile stress area of the bolt, mm?

factor to take care of the inertia of parts
other than the rim of the clutch
base circle diameter, mm

width of the tooth, mm

diameter, m (mm)

kinetic energy of the flywheel, Nm
modulus of elasticity, N/m2

force N

free length of the spring, mm
modulus of rigidity, N/m2

dynamic capacity

life of the roller bearings in hours
height of the tooth profile, m
moment of inertia, kgm2

current, Amperes.

Ly

moment of inertia about the bending axis, m
pelar moment of inertia, mLL
radius of gyration, m
spring constant, N/m
length, m

mass, kg

moment, Nm

angular velocity, rev/min

number
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FPD
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PO
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outside diameter of the ring gear, mm
circular pitch, mm

pitch diameter, mm

diametral pitch, mm

power, Watts

rim radius, mm

coefficient of velocity of variation of the
flywheel.

root circle, mm

radius, mm

stress along line of contact of rollers and
racing members of the clutch, N/m2

service factor

solid length of the spring, mm

torque, Nm

time, sec.

number of teeth

thickness ¢f the tooth profile, mm
velocity, m/s

voltage, volts -

spring deflection, mm

form facter

section modulus, mm

angular acceleration, rev/sec2
allowable stress, N/m2
pressure angle

angular velocity, rad/sec.
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cr
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pi
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ta

wi

xi

angle formed by a radius passing through the
centre of the roller and a perpendicular
from roller centre to its point of contact

with the outer racing member,

Subscripts

refers to initial
refers to final
refers to average
refers to bolt
refers to clutch
refers to coils
refers to crank
refers to driving
refers to external
refers to flywheel
refers to gear
refers to internal
refers to Journal
refers to Lever
refers to normal
refers to pinion
refers to resultant
refers to rollers
refers to rated
refers to tangential
refers to Webs

refers to Wire.
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CHAPTER 1

INTRODUCTION

1.1 Previous Work in Auto-technology in Nigeria

Very little progress has been achlieved in the
field of Automobile in Nigeria, This is because very
little deliberate efforts have been made to make a break

through in auto-technology.

Work on automobiles in Nigeria may be either of
the followings or a comblnation of any of them, They

are as follows:-

(i) First investigation ,gfﬁéb
(ii) Design and development "ﬁﬁégag
‘3'_ ‘P ’.'
(iii) Adaptation ‘%,fooj’ &
. S
(iv) Copy, and %ﬁk

(v) Assembling

There is no set up in Nigeria that is fully engaged in
first investigation in the field of automobiles, The
aim of first investigation is to come up with new ideas
to replace the 0ld ones, and these ideas must be
supported with data or performance chart to determine
the superiority of the new idea, However, a new idea
may not be necessarily superior to the old cne, but the
proponent of the idea must prove that it is adequately
efficient and adaptable,

¥
S nt'?




PRSP

I S

e

e

el

e b PRI o T AN e ST i S TR

2

An example is the "Testing of Locally Made Air
Filtersn.{") The filters are specially made plastic

foam by the Royal Foam Factory, 8hereda Industrial

Estate, Kano, A standard test rig was built, then the

efficiency of the filter and the pressure drop across

it were determined, As soon as it was proved that it

is efficient and adaptable, it was tried on a peugeot

505 Saloon for more than a year and there was no

problem, It even proved more renewable than the paper

element filter. However, its commercial production is

yet to be carried out,

An example of adaptation is the work of the late

Professor AwoJjobi on a military vehicls, He introcduced

a second gearbox and steering wheel, so that the -
vehicle need not make a turn the way conventional

vehicles do in order to move backward, and yet not in

a reverse mode, Hence when it is moving backwards, its

movement is as good and convenient as when it is moving

forward. During the war if such a vehicle encounters

the enemy, it will return to its source quickly and at

such a pace as it is moving forward, There is ease of

manoevering. This vehicle is known as Autonov.(z)

Assembling is the oldest form of auto-technology

to be introduced in this country. The assembly plant

is set up here and fed with Completely Knocked Down

(CKD) parts from overseas, Examples are Peugeot

¥
i
+

e
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Automobiles of Nigeria (PAN)} Ltd., and Volkswagen of

Nigeria.

The CKD parts are imported from France and West
Germany respectively, The original intention is
transfer of technology through gradual increment of
local contents, For a very long time this objective
was not achieved except recently that few of the parts

are procured locally.

1.2 Low=Cost Vehicle Project

Around October 1986 when the Federal Government
of Nigeria introduced the Second tier foreign Exchange
Market (SFEM), prices of automobiles went up abruptly

due to the depression of the value of naira,

The price of the most costly Peugeot Automobile
of Nigeria (PAN) product Just before this period was
not more than M20,000,00, The price of Volkswagen
Beetle was around ¥5,000,00, As soon as SFEM was
introduced, a peugeot product costs about N60,000,00
and Volkswagen for about N15,000,00, As the value of
naira continuesto depreciate, prices of vehicles and

spare parts continue to increase.

In may 1988, 504 GR/base sold for ¥45,980,00
while SOl GR/AC cost ﬁSS,OOO.OO(s). Today the price
of 505 Peugeot saloon is about ¥120,000,00,




k

Though the government hag tried to cushion the
situation by increasing transport allowance for Civil
servants over the yesars, the impact of this measure
is not felt due to simultaneous increase in transpor=-

tation cost.

To alleviate the problems the government had,
at one time, allowed importation of spare parts with
very little import duties. In additien the state
governments have Ilnvolved themselves directly in
commercial transportation by mass importation of
buses for mass transit exercise. All the measures
depicted above cannot be lasting solutions to the
problems of transportation and mass mobility in this
country, Hence the Federal Government decided to

address itself to the real issue.

In 1987, the Federal Ministry of Industriesg
invited the Ahmadu Bello University "and at the
meeting spelt out its intention to develop a vehlcle
using available local technelogy., A home grown
vehicle in terms of materials and technology'".(u)
Consequently in November the same year the Depart-
ment of Mechanical Engineering of A.B,U, and Kwara
College of Technology were commissioned to design
the engine, and the body and the transmission system,

respectively,

PO e T i S e
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Different alternatives were considered as
regards where to start from. The options available

are designs of four stroke engines or two stroke

engines.

Four stroke implies that the cycle of opera-
tion is completed in two revolutions of the crank-
shaft, There are four operations within a cycle of
operation and each stroke is used to effect one,
Assuming that the piston is at the top dead centre,
If it is made to move down the cylinder, with the
inlet port opened and the exhaust port closed, a
mixture of air and fuel is adomitted into the
¢ylinder, This is the induction stroke, During the
second half of the first revolution of the crank-
shaft, the piston moves and the mixture 13 compressed
into the top of the cylinder while both ports remain
closed, This is known as the compression stroke,

A sparking plug is provided at the end of the
cylinder which induces an electric spark resulting in
the burning of the compressed mixture, The high
pressure created due to the burning of the petrol
vapour forces the piston down the c¢yclinder, with
the two ports closed, This is called the power
stroke, and it represents the first half of the
second revolution of the crankshaft, The exhaust
stroke takes place during the second half of the

second revolution of the crankshaft, The piston moves




up to drive the burnt gases out of the combustion

chamber, (see fig, 1.1).

Thig gives a complete cycle of operation and
the inlet port reopens while the exhaust port closes

for the next cycle of operation to commence,

Two stroke implies that the cycle of operation
is completed in a single revolution of the crank-
shaft, 1In other words, two operations take place
during one stroke of the piston, fig., 1.2 is a

schematic representation of the operating principle,

In (1) all the ports are closed, the piston is
rising and therefore the mixture is compressed., At
the top dead centre (t.d.c) the fuel vapor is ignited
while the inlet port is opened to admit fresh mixture,

Compression and induction have occured in a
single stroke, The compressed petrol vapor burns
rapidly resulting in elevated temperature, and
expansion of the gases, The piston is forced down,
the inlet port closes, the exhaust port opens to
allow gases to escape while fresh mixture is drawn
from the crank-casing into the combustion chamber
through a transfer port. The piston rises up again

for another cycle of operation,

There 18 only one 'working stroke! for three

'idle strokes' in a four stroke cycle. In a two
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stroke cycle there is only cne 'idle stroke' for
every 'working stroket', However, the operation is
not efficiently performed due to the fact that the
burnt gases are not expelled completely before fresh
charge is allowed into the chamber, Despite this,
the two=stroke cycle is sometimes adapted because of
its simplicity, fewer parts, easy manufacture and

-

smoothness.,

Even the principle of operation depicted above
manifests the simplicity of a two-stroke engine when

compared to four stroke engine,

Hence it was decided that the proJject should

start with the development of a two stroke engine,

The engine under development is a 2-cylinder,
petrol engine with a rated power of 9Kw, In this
project a mechanism for starting the engine is

designed, constructed and its functionality tested.
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DEFLECTOR f#
TRANSFER ‘
PORT “I7
+
(a) MIXTURE COMPRES SED ABOVE, (b) PISTON PASSING Tp.c.
DECREASING PRESSURE BELOw, MIXTURE ABOVE IGNITED,
ALL PORTS CLOSED FRESH MIX TURE ENTERING
CRANKCASE
ol
AR
NG

-
(c) PISTON MOVES DOWN (d) PISTON .
COMPRESSING THE PASSING B.DC. EXHAUST AND
CRANKCASE MIXTURE. TRANSFER PORTS QPEN. MIXTURE
EXHAUST PORT JUST ENTERING CYLINDER DIRECTED
UNCOVERED

TO THE TOP BY THE DEFLECTOR, DRIVING

OUT BURNT GAS THROUGH EXHAUST
PORT

FIG. 1.2 :Operation of an engine on a two-stroke cycle
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CHAPTER 2

LITERATURE REVIEW

243 CLUTCHES

A clutch is a mechanism used to enzage anc
disengage shaft at will, Clutch is employed to
perform several functions such as transmission of
torque, maintain constant speed and power, quick
starts and stops, gradual starts, non-reversing
(back stops) and overrunning functiors, Various
criteria are used to classify clutches. They may
be grouped into Mechanical, Electrical and
pneumatic or hydraulic by virtue of their mode of
control, Clutches are also classified on the

basis of the principle of operation,

Below is a review of the major types

of clutches,

24141 Positive Engagement Clutches

Positive-~contact clutches are of three

types namely square-jzw clutch, spiral-jaw clutch
and tooth clutch, While in operation they

interlock to produce a mechanical Jjoint,

Square-jaw and spiral-jaw types consist of
two halves, one of which is made to travel
axially on splines to effect connection and
disconnection of the clutch, The former

transmits power in both directions whereas the
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t
later transmits power in only one dirsction of
rotacion thus exhibiting overrunning clutch

characteristic,

Positive clutches are simple, luexnensive
and generate no heat, However, they are Zimited
to small torque and low speed applications,
Square-jaw clutches transmit torque with

virtually no axial component of force,

Tooth clutch, also referred to as sli
clutch, has teeth on the two faces of the two
halves, various modifications of the teeth are
available including rhomboidal and triangular
shapes, hese contacting surfaces give a
component of the transmitted torque in the

axial direction,

Sketches of these three types of positive

engagement clutches are shown in fig,2.0.

2e1.2 Friction Clutches

When it i; desirable to engage or 3;3

disengage a power source and a driven machine
with the power source in operation, friction
clutch is employed, Friction clutch functions

as an automatic overload protection device, When
the torque reaches a vwre-determined maxi=mum, the

surfaces slip to protect the machine,
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Square-jaw clutch. Eedal-faw cluteh.

>
2
S

Spring-loaded ship clutch.

Fig., 2,0: Positive engagement clutches



ﬂ-ff_ = . “i;  ;13;l¥” fﬁ ﬁ};¥';ﬂ_ Wi i
.f; .  Fric£i6ﬁ clufbh could bé u@ed fé diéengage.  ;
?E the driver from the load to effect starting ﬁﬁei'”:f“LV-ﬁ
{i driver under i12-load condition, It is also B
" employed where it is necessary to start or sfoﬁ.

the loud without stopping the power source. Thel,if
former application is found in internal |

ﬁﬁﬁqu¥&~ combustion Engines as clutch power take-off’éﬁd

K Zwi?f: the latter in punch press where the clutch is

| | rengaged for ecach stroke of the press without

?il; stopping the motor® B

_ jlji  Ffiétiﬁﬂ Eiﬁéch {s“£he“hoéf ‘Eo¢§oh-df aln
jff clutch types and the most versatile in

v .0 - application’ -+ Either one or both of the nating _? K
Y70 faces of the two halves are made of fricticn T
. materials, The surfaces may be éither £ilat op  }& f
cylndrical, Wwhen the “wo faces are properl??fﬁff'f
engaged, the cluich members rotate as one unif;“{ -
Slippage occurs when the power transmitied is

greater than a certair maximum, This featlure

averts shocks and overioads, However this g an

unavoidable disadvantage in that it creates heat

" dissipation, and thug a limitation,

. Depending on the design, friction cluteh - '
" ma§ slip continously for overload protectinn, or

used as an “"on-off" device where slippage occurs

-
e T

L intermittently. ffﬁ#'

T T "
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Types of friction clutcheS-fjggﬁ37f

Axisl types: These clutches derive thei: name | .+

from the fact that they rotate in an axis

perpendicular to the face, The face. zuployed: .

is eitner of the disk or plate form. A very
simple example is shown as in fig,2,1. * consist
of two disks held at tie end of two coaxial '
shafts, with a device to effect engagement of f}

the surfaces.

Axial clutches that ere designed with

sleeves, in which wheels are mounted, are known .~ *

as sleeve clutches, Alternatively the sleeve

could be used as the wheel iiself, Friction

clutch with sleeve is as shown in Fig,2,2, The |

friction surfaces are wrought into grip in a

 vise-like arrangement, The internal pressuvre

created is extremely kigh, A typical value ﬁorufffij.”

Ty,

mutility clutch rated for 4Ohp at 100 rpm is
something over 10,000 lb"(5 ).

More than one disk could be emwole, ad and_?:{_g? :

the more the number of disks the greater the

torque capacity of the clutch, Agalin there is ﬂ;'

attendant problem of excessive heat dis-“pation

- and thus a limitation, Overheating creates-ﬂnﬁ“"'K

difficulty in separatirg the disk:s., Multiple

disks and thus wore friction surfaces, are 1V¢Jf]n331

S

Vool

5 . .
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Fig.2.1: Axial friction

clutch FIG 2.2:Air clutch with sleeve

Fig,2.2: Radial friction cluich

SHOE

(a) Free (b Engaged
EI_G_24 Centrifugal dutch
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advantageous in stetic or low-speed vce, In
high-speed dynamic application less disks z2-e
employed so as to reduce the danger of hect

dissipation,

Radial tyvpes: The axis of operation of this type

of clutches is the samec as that of the shaft,

The designs of these types of clutches are well
diversified, The variations are in the design

of the mechanism otherwise the friction surfaces
or the contacting surfzces are pracltically of the

same form, They are c’/lindrical,

The different versions include Ring, Shoe,

Band and Rim clutches.

Fig.2,3 and Fig.2.4 are illustrative examples
of radial type of friction clutches, Fig.2.L 1=
also referred to as centrifugal clutch because
the shoes are caused to move out radizlly for
the clutch to engage by means of centrifugal
force., The other force that comes into play is
the friction force, The engagement is enhanced
with increasing magnitude of the centrifugal
force and thus the friction force, It operates
under no-load starting condition, The prime mover
starts running untill when it reaches a certazin
speed, the speed at which the centrifuga’ force
is enough to effect engagement of the cluteh,

Obviously this guarantces smooth pick-up of load



with minimum shock., Prime movers of Low start:ng'f-
torque characteristic find suitable applitutibn .fgf 

" with centrifugal clutches. R

Free and delayed engagement characteristic

" could be achieved if shoe springs are provided.fg'f;f”'“

Depending on their stiffness the springs work
against the centrifugal force and return the shoes
_fﬁ " to the inner member when it is necessary %o

':w_ disengage the ciutchq“- |

s » R S
Dry-fluid clutch is another form of

centrifugal clutch, A schematic representative

of the clutch is shown in f£ig.2,5, It consist of = =

a housing containing heat-tre.ted steel sho<,

known as the "fluid" (and often referred to as';Ji:;,a j 

the flow charge), a ro:or suspencded in the

housing and attached to the driven shaft, When

the prime mover is started the housing rotates B
with the motor shafi thus throws the flow chargé,-flﬂ e
to 1ts pefimeter. The rotor then tends to cut.gg7ffﬁ

through the charge, encounters some resistence . '

and finally rotates with the housing, Eventually . - -

they both "achleve full-load speed, operating

without slip and with “00 percent efficiency"( G)af;?fﬂ

Fig.2.6 are examples of Rim or Drum Lype L

clutches, It is an ex*ernal contracting clutch

'éﬁi supplied with a hollow tube raund the periphery

SV

P

e i ey s

e S . -
. o . ot o RN
— ———"—w--.v---q [ -3—-‘-\._.4....;_._,....‘, !
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1 FLOW CHARGE

ROTOR

HOUSING

(a) FREE

(b) ENGAGED

INPUT MEMBER

FIG 2.6: Drum type clutch

pag i

—

¥tg,2,7: Co". friction clutch
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of the contact!ing friction surface, Wiwn the
tube is inflated it expands, contracts “he
circular shoes which grip the inner member, As
the pressure increases, 360° ccntact surface

is established, This 2llows even dis*ribution

of pressure and load, and averis uneven wear of
friction surface, The rubber damps out

vibration and shocks, Centrifugal force tends

to pull the friction shoes out radfally but
this "is overcomed by increasing the air pressure
more than it is required for engagement”,
Centrifugal force is, however, advantageous
during disengagement, Contracting shoes clutch

applications include cyclic and continous

operations,

Another modifica®tion of radial-type friction
clutch is as shown in fig,2,3, What aprears like a
lever is pushed inwarc¢ and the circular friction
surface moves out radizlly to ensure engagement

of the clutch,

In fig.2,7 the friction surface is modified
to a cone-shaped form, It functions by simnly
setting up a wedging action between the two cones,
The contacting surface:s grip themselves th2 way
a tapered cork is pushed into a boltleneck, This
is coined as a cone clutch, It is suitable Ior

heavy~-power-transmitting torque. The grip occur



" types reintorcement could be ensured hy using

- .. compound is also employed as a non-metalfic |-

“U backing plate, - .

_.! 20. 'ff-3 5 _  ;:3 

very essily but it is a bit difficult to - . &

™~

- disengage the cLutch It is rearly used nowadayq '

because other clutches have over=-t .en L..

Hitherto,'ciutches thét\seek advantége of

two surfaces that lock-up ai some speed “o effect . &

operation because both or one ol the s“rfaces is

prov1ded with fricfion materlaJs have bean

discussed, e T,
; R 'I_I\.‘__ “,. _." o s

What are these f“ictlon suriaces Jixe and

i

They are made cof bare iron or steel, lined

S
bos

- . l‘f' .

RN L e

with metallic or non-metallic materials, <. | "~

There are varieties of nOn-metailic:ﬂ}*'f

linings. "Woven" and “molded® linings ore the

. common ones, Woven type is an asbestos in the. .|.

form of & woven fabric which 1s bound together

. wilith resinous compounds, Molded type is also

‘made of asbestos, which has been softened by 1.

soaking in water (or czustic potash). In doth .

Cork filler bonded together with resinous . ..

D

lining, Thermosetting adhesives 1s used to jﬁ“

' _provide Londing between the linings and a meta’ f*'

P oo
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| erspective applications, |

'strictly'depends on tho operating conditionsg

21
 Protein and synthetic type of birder could  .°

be used with asbestos fillar and cork filler Zn.,

N . I:; s

all the instances cgutlinsd abeove ip their

I.'iffiéq . The coefficient of friction of ésbesfosT;ﬁgfgf

" 1ining ranges from 0.2 to 0.k and that of cork ff?fif':.

[
P

 .ranges from 0.10 to 0.50. The exact valuefﬁyt o

such as speeds ressu-e, design and lubrication. .
r D ’ : .

Steel and bronze made with sufficient . hhuo

coefficient of friction are employed as mata”lic ; ;f;:‘f

friction surfaces, The coefficlent of friction

. ranges from 0,20 to 0,25, Sintered bronze ‘s 'Hf.sf?; 

also employed in which case it is bonded to steell'ﬂﬁnﬂ;ﬂ

backing, Compact desi;ns, good wear, heat o

resistance, high rate of heat transmission,

increased allowable pressures, smooth starting,'$f' .

are all the advantages of this type of linings.::f'

The exact performance characteristics of . i U

I
any lining material carnot be stated in ‘this = !
review, It depends on factors such as the t

composition and the operating condition, Only' }'

.. the manufacturcr can explicitly state thenm, ﬁf“Q4¢»  o

Friction clutches surpasses other clutches

" in the scope of appl.cation, This is mestly = = "

because it can slip wuen required, This slippage '~ .



........

charecteristic poses the problem of heat = -

dissipation and wear, Hence a friction clvtch

" '41s often regarded as a benefactor as well as a

-

matyr, In crder to mini'ize the adversity j;;‘j-' -

inhercat in this conflicting behavicurs of = ..

friction clutches, prorer selection, e

iustallation and maintenance must ba carried out,

In selecting a friction cluteh Just like

any other type, there zre two most importént

things to be considered. First, the suitability . = &

A

of the c¢lutch and then its size.‘qt“"

Perhaps the best way tc go about determining

SO
the most suitable type 1s by reflecting on the_,?Q-;
J!"

various advantéges and disadvantages of every .-
known friction clutch, Having known the Job the
clutch is requred to do, therefore, “he nex: thingz

is to consider the various features all ‘he .. .

clutches have, - . 0 % oL Tk

The merits and demerits of some friction

The classification is based on the mode of contfdi.

R

clutch types are outlined in table 2,0 below, -1 7.

.. " Table 2,03 MERITS AND DFMERITS OF VARIOUS CLUTCH =~ - |

L

TYPES
Clutches Advantages Disalvanages
Mechanical |~ Cos: ! obtaining |~ Poor KRRy B
: clutches them an.. operaw sansitivity
tion is Jow - R . “fl»;p-
) e
e
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Clutches Advantaces Di sadv-~tage
- Can be located - Require th-
! any where on a cperator to
shaft expenc. a lot
] -
| = Variable torgque of energy
capacity - Cannot be
| adapted to
remote
control

- Precise and

| accurate
E adjustment
F carnot be
obtained,
Air - No problem - Located near
clutches of adjustmwent the free ead
- Reasonab®ly good of & shalt
sengitivity onlye
- Can be adapted - Require
to remote specially
control drilled
- Wide spectrum shafis
of torque e Require
capacity : costly
auxilliary
equfpments,
t! suz' not
in all
cases

———— — . e S . iy

e — —— —

- —————— . —— e e e .

—————— . — o e =



' dissipation i a necessity, such as freguent

e e e Lo . . . N
Lo T - .
e T L . R .
' ' . ' 2' . . ST

- Reasonadbly good .
T the engage-L

level of
IR sensitivity ean ment cycie
- Ti};)f}; ff be obtained - | - Elabcrate
A T control .

- Gradual starting
is possidble

- pPossibility of
achlevin; ol
variable torque B

Clutches Advanvages i Elsadvantages .
B
Magnetic - Can be located - Trey recuird
clutches anywhure on a shaf”’ constant
- Easily S d-¢ supply
adaptable to -~ Current is
remote control consumed
throughout

r=paratus is
required,

Capacity is offered top priority in

determining clutch size, A clutch with rating”” o

torque slightly more than the torqgue peak for the:;ﬁ":

operation in which it is used experiences less. |’

- wear, tear, reduced stresses and the rate of heat

absorption is enhanced, However, where hezi

starting of heavy-inertia load an oversize clutéh'

may not necessarily be The panacea, The heat

problem must be considered or taken care of, *, . | ..~

There is no direct way ot dealing wi*h this
1

. problem, Different marufacturers have differeat ™ . -

ways of approaching tue problem, which is based on
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:1f:@JJVery often, friction clutches are 1.

ﬁ*f.smoothly for a very long time, Record even .

“,E-shows that some clutches have been employed for

3h}2.1.3 Overrunning clutches .

"direction and overruns in the other direction.
.'{_Engagement and disengagement occur rapldly aqd I;f5

v automatically. - ..

SRS Co el
theirléxperience.' In.ﬁix, Lasey 6nly Lngsén ﬁﬁé
danger imposed on the clutch bgt_%l ;s noﬁ _i:{{?f 

completely eliminated, o LJ'T ﬁ-" o

]

clutches cannot be over empaasized, Wrong .,Ejfiﬁ,;ff“"""

ingtallation adversely affects its performance, _l-;;Q"'
Installation manuals f-om manufacturers are . 'fé'

available but +the best installation comes with

experience, . Ul e o

"fegarded as trouble-makers, But if the right Vi'} f
'ul'h;clutch for a Job is se”ecied, properly installe&".”'lQ“

.“and given adequate maintenance it will run very ;;.;f“€ "

R e

vl

"fffabout 30 years" ,,

L

YA

-'ﬁ_Freewheeling clutches have some feal.ures  | .

NRERE
e )
v

;;{;‘which make them more suvitabie for certain = .- “‘ 

", operations. They transait torque in only one -1 < .:

.

There are several variations ot overrunning

”p?f{ clutches, Few examples a~e shown in €ig.2.8 and 2.9

A Yo ! B cL Lt . T I . t . o BRI Ir‘
'.I -._h- -. \ - o o .I.., . Lo . ! ' .I :.: ,: L
SRR

., The necessity for proper installation °£-?f f: ,ﬁ7:1-




Fig,2,08: Ratchet and pawl mechanism

Direction of rotation
for freewheeling

Fig. 2.9:0verrunning clutch roller type



"f mechanism, Gravitational force enga,.s the -
" driving pawl shifts back for another turn, the

" - down pawl keeps the ratchet in position. ¥hen

. in operation the driving shaft is made to

s Tt is applied in feed mechanish,

... via push rods, so when %the clutch is in

e e e
© Fig.2.8 1is essentially a Racchet snd Pawl. .

;* driving pawl, which is at the top. While the

undergo either reciprocating or oscillating - L 4 =
movement, This movemen* is converted to an ! .. -7

in‘l:ermittent rotary motion, With proper C’-.esigln!.' ’ =

"u ﬁ'the motion is positive, This diagram

(‘J”%ffillustrates an elementary overrunning clutch..fgﬂf -1"'

S
. . r

:ifﬁl Fig.2.9 consist of two races - the iriner
éﬁﬁ éﬁe outer, Any of these members can be the
driver and the.other the d;ivgn. When the o
driver rotates, torque is trénshitted to thé

driven under the elastic tension of the rollers,:'f-%

There are springs acting against the rollers

operation the rollers are wedgoed continouvsly

between the cem surfaces and the outer race, . 1"\ 7

11  hence the engagement is positive, As soon as

" the prime mover is started, this clntch acis ';f_ﬂ {5'

instantly and almost automatically, In addition,'_‘1

7. the operation is guiet, When the inner member

rotates in anticlockwise direction +the wembers -

[

.. freewheel, This particular design of overrunn;ngf*-j7';f

....? i . . .
' '

. . - . . * . . . tt . B . N oo . . : -t ' . -
I . . . N L . . - . . LI " . . - - . fl .
ow R . Vo : . . vt . ' : R

: T v
e _x e .

L. .
i b L




" engines and bicycle cozster brakes, et

""aforgoing discription, The rockers are used tpl f~f

.. design accowodates greater number of sprags hence

" . 4t transmits more torque than roller clutch of

S

" ‘clutch finds applicatics in intermal cor ustion

U Pig.2.10 is also n commercizl overriding

‘clutcss with two concentric circular races having

.. sprags between them instead of rollers as in the

LR
I

s tpansuit torque. Energizing springs help fb'i5¥=;;?K: *~

keep them in contact with the two races, Thisa

" the same diameter. Fig.2.11 illustrates the
principle of operation, When the inner race ““;F'”}:f
. ‘rotates anticlockwise the clutch freewheels. OnPﬂ )
,the other hand when it rotates clocuwise the SPTaé:'gf”'
is tightly wedged between the races and rclling PR
action occurs, The motion is not cormnlelaly o
 P0s1tivé, smaller wedging angles results ‘n

greater backlash or lost motion.*;*

" _='Where rapid operation is preferred to

space limitation the roller type is considered.

Overrunning c?uatches are wid-ly employed,
Applications include retor freewheeling in helicopter
drives, intecwittent meion in feed mechanism, ' -

'.}.: "

o DA




Sprag in overrunning position

Fig.2.,10: Overrunning clutch sprag type

) [
'H@r 7

A"

Wedgng
ange N\ 74

Sprag under wedge torque

Fig,2.11 Principle of operation of a sprag clutch
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bicycle coaster brakes, starter clutch=s in
automobi les, precision devices, fan freewheel!ing

and punch press feeds,

2.1, Magnetic clutches

Magnetic clutches operate with theaid of
magnetic forces that are set up between the
clutch members, There s no mechanical contact
between the faces of the rotating members,
"Magnetic flux couplings" or "magnetic drlives"
are other names used to denote magnetic
clutches, These names clearly differentiate
them from electrically actuated friction
clutches in which magnets are primarily used for

control,

There are three types of magnetic clutches
namely magnetic-particle clutches, Fysterisis

clutches and Eddy-current clutches,

In magnetic-particle clutches Lhe space
between the members is filted .ith ferromagnetic
powder, The ferromagne:-ic powder is a mixture
of iron particles and lubricant, A majnetic
field is set up in the working gep. A direct=
current control coil creates a magnetic circu’®
in the gap, as a result of which the magnetic

medium tends to shear wit: great ditficulty.



f:The difficulty iﬁ shear encountered by the medium,-f:ﬁi
" which is a function of ‘the strength of the  :; -

f"-field, causes the clutcu to drive, - RS

. Dry lubricant such as flake graphite is.",
"ewployed in this type of clutch, Kowever, when

. an 0il slurry is employed, the clutch is referred ..

" to as a magnetic-fluid clutch. Fig.2,12 is a

" schematic repre=cntative of magnetic particle

ﬁ{,§?7}j'(or fluid) clutch depicting the rotating members,
= ""the working gap, excitation coll and the stator,

;'f..

" Hysterisis clutch consist of two rotors.
. .One is magnetic and houses a rotating magnet

"' coil, the other is made of high-hysteris herde |

:qfiﬂ;steel. The former is placed inside the l.ter with f;ii
| 3? a very small air gap be*ween them, Very strong_.fffi%°
| ﬁﬁfi}vintrisic poles on the &agnetic rotor induce 'i ‘f
o magnetic poles on the s*teel rotor, which is eqﬁéil§3 ;f
very powerful, Once these poles are set up they _f,ff}
..t cannot be displaced, Hence when the driver which '._ i
”gj}ﬁ_ﬁis the steel rotor is rotated, it rotates with the  :iﬂ
driven member is if thev were a single unit, - v
l-'ﬁlruhliké thélmégnetiﬁ~pérticle clﬁfdhes;
‘hysterisis clutches are not designed for zero
f .;s1ip. They slip when the lcocad exceeds the torquel |
| rating, Fig. 2,13 illur+trates the arrangment of-ff';?f;

the components of hysteliuis clutches,t]futﬁ'ﬂ“”:

a0 h
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Stator

Excitation coil

Inner rotating member

/ /Outer rotating member

Working gap

Fig.2.12 Magneticpartideclutch

Fig.,2.,13: Hysterigis clutch
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Eddy-current clutches ure somewhat sim. _ar
to the hysteris clutches in constructicn, The
difference is that the high-hysterisis hard-steel
13 replaced with soft-iron or s_2cial mild steel
"and the magnetic segments are interconnected to
induce eddy current and inhibit hysterisis",

S0, the characteristic operation is differen®,

2,2 Flywheel

It has been menticned in section 1,4 of
chapter one that there is either a power stiroke for
three idle strokes in a four-strelie erngine or
one iu.e stroke in a two-stroke engine, During
the other strokes in vhich power is not devalored,
vhe piston is still required to move up and down
the cylinder, This imp’ies that the energy
requirement of a motor vehicle engire veries during
its cyrle of operaticn, and the rate of power suHnly
is constant, To assure smooth operation of the
engine a flywheel is attached to the crankshaf%,
During the power stroke. it stores the excess
energy as kinetic energy of rotation, Scmne of this
energy is supplied to the machine during the other
strokes to maintain its speed, This is the essence

of a flywheel,



3

2.3 STARTER MECHANISM

Above, various clutches and the importance of
a flywheel have been discussed, The starter
mechanism intended to be designed consist of a
starter clutch and a flywheel, The starterclutch_
is a freewheeling type. It has two racing membefs,
one of which is the driver and the other is the
driven, A starter motor drives the whole unit,
Once the motor is started, the driver engages the
driven through a wedging action of three rollers
and torque is transmitted under the elastic tension
of the rollers. The rellers maintain contact with

the racing members with the help of springs.

The clutch is bolted to the flywheel. When
the clutch is actuated, the flywheel accelerates
to a speed higher than that of the driving member

of the clutch and the clutch freewheels.
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CHAPTER 3

DESIGN AND SELECTION OF MATERIALS

3.1 FLYWHEEL DESIGN
Variation is stored kinetic energy of the

flywheel is given by

E,-Eq = % Ip (@5 = %) =mmmmmmmemmmeeeeee (1)

where I, = MK® .

Therefore,

2.2 .2
Ey-Eq = 3 MK"(0; -©7)

Assuming the radius of gyration is very, nearly

equal to the average rim radius,

Therefore,
ik > R
E;~Eq = ¥ M(RJ W5 = RO WYT) =memmmeeeem- (2)
. 2
. . EZ-E'I = 5 H(Vg - V1) ---------------- (3)
V=V
% 2
o vr?ll i T e s s i (%)
Aasume Vo4V, = 2V, =seccccncccsctasancsnnnace (5)

Combining equations (4) and (5)

2 2
- v1 - 2RV§td """""""""""""""" (6)

Substituting equation (6) in (3) gives
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If the part of the flywheel other than the rim
gives a flywheel effect of 5 to 15 percent of the

rim and a factor B is introduced such that:-
Bp-By = MRV =mmmmmmmmmmmmmmmomoooneo- (8)
B ranges from 1,05 to 1.15(7 )

Empirically the safe working stress of the
material will not be exceeded if the following rated
velocity is adhered to( 5 ).

Cast iron 36.6n/s
Cast steel 1.5
Forged steel 1652.5 "
Welded rolled 152.5 *

Equation (8) is used to determine the mass of
the flywheel if the energy and speed variation of

the engine are selected or known,

The followings are the estimated values of

some of the performance indicators of the engine,

Speed variation = 4,950 - 5050 rpm
Energy variation =  350Nm
The power = 9Kw

The flywheel is to be designed to satisfy

the above conditions,
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Coefficient of velocity variation

¥ = Y27Vq . 5,050 - 4,950 = 0.02
;rtd ’
Taking B = 1.15, R = 0,02 and substituting in

equation (8) gives

350 = 1.15xMx0.02x(91.5)2
M = 1.82 kg
The mass of the flywheel = 1.82kg

The drawing of the flywheel iz among the set

of drawings at the inside of the cover page.

3,2 CLUTCH DESIGN

If direct measurement with torque lever is

possible then:
Clutch torque T, = PXL XSF =~-em-ocme=—=ua- (9)

Where direct measurement is not possible,
approximate torque rating may be determined é.
analytically, based on the masses of the flywheel,
crankshaft, connecting rod, piston, attached masses,

and the pressure of the gas in the cylinder,

For a rotating body, torque is given by B



o o

-

But O = L%J=§ng ---------------- (11)
R._ + R

The average rim radius Rav = ex in

But R .t = 0.06m and Rip, = 0.05m

Recall that K was assumed nearly equal to the

average rim radius,
Therefore, K = 0,055m

Moment of inertia of the flywheel
I, = MK
Substituting the values for M = 1.82 kg

and X = 0,055m, gives:-

I, = 5.45x1077 kg/m®

From the design of the crankshaft of

the engine:-

Mass of each web = 0,77kg
Mass of the four webs = 3,08kg
«*s Moment of intertia of the webs

2

I =§MI‘W

w

Substituting the values for M = 3.08 kg and
r = 0,0lyym, gives Iw = 2.97x10-3kgm2

Mass of the three journals of the B s

crankshaft = 0,92,kg.,
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Assuming it is of uniform thickness, the i

moment of intertia

B 12 . rz
I, = (P gd
Subgtituting the values for M = 0,92Lkg,

Ly = 0.22m, ry = 0.012m gives I = 3,76x107> kgm®

J
'Mass of the connecting rods = 0.55kg
Mass of the crankpins = 0,036kg

For the purpose of analysis it is assumed that
- some of the mass of the connecting red is concen-
trated at the crank and the rest at the gudgeon }i

pins.(a ) Let approximately half of its mass to be
concentrated at the crank, X
«". Total mass of the body being rotated

at the crank = 0,311 kg.

Moment of Intertia due to the crank

2 2

pins I.. = MELcr + rcrg

Substituting the values for M = 0,311 kg,

Lop = 0.008m, r__ = 0.0tm gives I__ = 0,009x10 kgu’.

cr -~ cr

ho
I

| . :
I=Tp+ I, 4154 I = 12,1910 3kem®. 3

The clutch is reguired to accelerate the bodies
to the required speed within a very short time, say

one second, Hence let t in equation (11) be = 1sec,
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The speed of the engine = 5,000 rpm, Substitu-
ting the values of N,I and t in equation (11) gives

torque,
T = 6,38 Nm,

This is the torque necessary to overcome the
inertia of the rotating mass and alsc to bring them

to the required speed in a second,

Assuming the pilston is at the bottom dead
centre (b,d.c.). The pressure in the cylinder, at
the beginning of a stroke is 1 atmosphere; at the
end of the stroke, Jjust before burning of the fuel
commences, the pressure rises up to 7 atmospheres
(the designed compreission ratio is 7:1) and this is
when the force exerted on the piston crown by the
compressed fuel mixture is highest, Torque _
transmitted by the starter clutch must be able to:
overcone this load, Let the load be P1.

If the load exerted on the piston crown when

"~ the fuel starts burning is Py, then P2>-P1 for the

crankshaft to turn at a faster speed for the clutch
to freewheel, The power developed due to Py is
equal to 9%w at 5,000 rpm, |
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."s Torque Produced = Power
(2%

9,000
= m
= 1.8kgm = 18Nm.

Hence maximum torque rating of the clutch
is = 6.38 + 18 = 2!{..38 Nm
From fig,3,0,4 F, = F e

' °R d/sin >

T
But Fio= —=—
d nrr

FR = T/nrr Sin(%) -------------------------- (1?)

Substituting the values for T = 24,38 Nm, n, = 3,
r = 21.5x105m and ¢ = 10° in equation (12) gives
FR. = I-L233l7N.

(9)

Stress along line of contact is given as

S = 0,591 /FRE (§EEFE) —--mmommmeoe- (13)

12

But for mild steel B = 0.21x70 °Nm~2 and substitu-

ting the values for E = 0.21x10'°Na™, d_ = 0.015m,

6

d_, = 0.043m in equation (13), gives S = 167x10°Nm™2,

The yield stress of mild steel is approximately

SNmn™2, A factor of safety of 2 has

equal to 316x10
been introduced, Therefore no local yielding will

take place in the clutch members,



Fig,3.0: The drivin
and the racing members,

g force between the roller
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3.3 SELECTION OF THE ROLLER BEARINGS

Cylindrical roller bearings make line contact
with the raceways whereas ball bearings make point
contact, This enables them to carry more radial load

than ball bearings.

Cylindrical roller bearings have low~-friction,

excellent characteristic under starting and shock

conditions, and require small lubrication, In

addition, they are less expensive(10).

In order to select the correct bearing for a

given service condition, it is also necessary to know

its dynamic capacity.

The load carried by a roller bearing is given

.by(1o) _ :
: 3
10
Froow HESGE) /10 e (1)
. . N T X
Using the relationship ~ge = ’pi and
: pi  Ege
substituting the values for Epi =9, Tge = 59 and
Npi = 8,800 rev/min gives Nge = 1342 rpm. The load

carried by a roller bearing Fr 1s equal to the force
at contact line of rollers Fo. From 3,2 the calcu-
lated value of Fp = 4233,7N, Substituting the values
for Fp = 4233.7N, Nr = 1342rpm and h = 800Ohrs (10)
in equation (14) gives H = 29473. S

—
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The dynamic capacity of each bearing as well

as design features are given in maker's catalogs, and

based on the value of the dynamic capacity the correct

bearing is selected,

3,b  SPRING SELECTION

The mass of the push rocd and the roller is

0,02kg., Since the sming is Just to maintain contact

between the roller and racing members, the maximum

load it will carry is 0.02x9.81 = 0.2N.

The force exerted on the spring is given

bY F 2 KX —mmmmomcommmm oo s (15)

From fig.3.0 it is assumed that the maximum
distance the rollers will travel is 1mm before '

engagement QCcurs,

Therefore,
K= 2. . o0.2x10°Wa
1x10
- L
But K= O Qi o (16)
3 3
BnCODCO

Let the solid length be equal to the depth
of the push rod hole, that is Smm, For a plain end
spring, the solid length is given by:-

A S ¢ S | N — (17)
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For SL = 9mm and d_; = 0.425mm (selected standard

value(11))gives:-

nco = 20

Substituting the values for n,, = 20,
G = 79323.6x10° Nm=2, dwi = 0.425x10> and
| kK = 200 N/m gives D.o = 4, 3mm,

The coil diameter is 4.3mm, Therefore a hole

diameter of L,.5mm is chosen.

The free length of the wire is given
as(11)

FL = (5n,, ~ 25L)/3 =--me-cmeomem—eea- (18)

For N.o = 20 and SL = 9mm;

Therefore FL = 27.33mm,
Hence a working freelength of 28mm is chosen,

The selected spring is therefore defined by

the following parameters:

Fae O0.2N, d = 0,4,25mm, dco w lj.3mm and
FL = ZBM¢

3.5 DESIGN OF THE RING GEAR ON THE DRIVING

MEMBER OF THE CLUTCH

It is necessary for a gear designer to know
all the dimensions of the gear, which are necessary

for its production, before the loads and stresses
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can be determined. "This means that a preliminary
estimate must be made of the gear size, and this
estimate must be checked out and then altered as the

calculations indicate".(12)

Diametral pitech of half is one of the commdﬁly
used and preferred diametral pitches.(12) This
value will be used for the following calculations,
Pd = 3.

The pitch diameter is given by:-
PD = Tge/pPd
For Tge = 59 and Pd = % gives PD = 118mm
The base circle diameter is given by
BCD = PD. Cosd ' -
For § = 144 and PD = 118mm gives BCD = 11limm.
The circular pitch is defined as:-
PC = IPD.
tze
For PD = 118mm ang Tge = 59 gives:=-
PC = 6,3mm

The addendum A is defined as:-
A = 1/pd
For pPd = 0,5 gives:~
A=2

The outside diameter 0D = PD+2A
For PD = 118mm and A = 2, gives:~
0D = 122mm,
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Let the root circle RC = 112mm

The above values give the features of the gear.
The next thing is to determine the strength of the
tooth, if the load is known, to see whether the

stress is less or more than the allowable stress.

\t\\

T
] =,
. .

/f

¥ig., 3.21 Forces on tooth

Assuming that the load is carried by one
tooth, that it behaves like a cantilever, and
applying the simple bending equation to fig.3.2

gives stress,

& = ﬁZ/i ----------------------------- (19)

and
t
Z = =
2
Assuming section A - A to be rectangular, then;-
- 3
T Pk
= 12

Substituting the expressions for ﬁ, Z and 1

in equation (19) gives:-

6 = 6F,h7/bt® or
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= G.b .22/6}1- = G.b QI%PC
6h™ ,PC

Fta

Fioa = 6uDuPCLY mmmmmmmmmmmmmme oo (20)

where vy = 32/6h.PC
Equation (20) is known as Lewis formula.

The allowable stress 6 = Fta/b.PC.y -—= (21)

The tangential component of the force acting
on the tooth F ., = T/(PD/2)

Substituting the values for T = 2L ,.38Nm
and PD = 0,118m

Foy ™ h13.2N

Substituting the values for b = 0,006m,
PC = 0,0063m, y = 0.113 (given in{7?)) ang
Fta = }13.2N gives:=-

6 = 96.7Lx10°N/u?

The allowable stress for machinery steel with
no heat reatment is 1.h1x108N/m% This value is
more than the stress in which the designed gear will
be subjected to, The factor of safety is 1.5, which
is necessary since the Lewis formula is based on

approximations,
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3.6  BOLT DESIGN

Recall from section 3,2, that the maximum

torque rating of the clutch was calculated to be
2l . 36Nm,

The stress due to the torque is given by:-

6 = TDp /20y e =====mm=mmmmmmmmeoeeee (22)
But:=-
I g e (23)

Substituting equation (23) in equation (22) gives:~

DY, = 32T/2ILny o6 =mm-mmm=emmmmmem e - (24)

The tensile strength of mild steel is
8h0x106N/m2. Using a factor of safety of 5, the
allowable stress in the bolts is 168x106N/m2.

Assuming that the stress due to the tightning torque
is 5% that due to the torque being transmitted,
Therefore the maximum allowable stress = 176.ux106N/m2.

Substituting the values for T = 2l;,38Nm,
My, = 3y 0w 176.hx106N/m2 into equation (24),
gives:-

Dbo = 6,17mm

Therefore the tensile stress area is:-

a = IDZ/L
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Substituting the value for D, = 6,17

gives:=
5 = 29 - 9mm2 .

The nearest tensile stress area for metric

bolts, coarse series is 36.6mm2 (13). The bolt with
this stress area is M8, Hence M8 bolt is selected,

Pitch of the bolt is = 1.,25mm,

3.7 SELECTION OF THE STARTER MOTOR

The force along the bigger circumference of
the driving member of the clutch (along the ring

gear) is Fta'

From 3.5 the calculated value of Fy = }13.2N.

This force must be equal and opposite to that
produced by the shaft of the starter motor,

For a gtarter motor of shaft radius
= 0,0058m, the torque developed due to Feo is
given by:i-
- Z.h_Nm

The selected motor has the following specifi-
cations given in the manuals

Voltage, = L..,5 volts, locked rotor

Current, = 200 Amperes, locked rotor

B T
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Speed difference = 3,800 rpm
Therefore power, Po = i x VO

= 900 watts,
Torque T = PO/ ==~==mmacccmmccmme——- (25)

Substituting the values for PO = 900watts, and
wa= 3,800 rpm in equation (25) gives:-

T = 2,73Nm,

This implies that the motor can drive the
clutch satisfactorily.
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CHAPTER g

CONSTRUCTICN AND TESTING

hot CONSTRUCTICN

41,1 Production of Drawing No.1

A scrap of 150 x 100mm° was obtained. One
end was faced, then the 35mm deep cavity was made,
leaving a 29mm x 30mm extension within it, The
workpiece was held on the Jaws of the lathe machine
by the cavity. The second end was faced leaving
it with 50mm length, It was then turned to 120mm
diameter, A length of Smm was turned further to
78mm diameter on the opposite side of the cavity,
A taper of 18mm and 14.5mm diameters was made,
this was followed by chamfering the larger end to
26mm diameter as shown on the drawing. Equally
spaced three points were located at 32mm from
the centre, B8mm holes were drilled at each of
the marked points., M8 tap was then used to thread
the holes,

1.1.2 Production of Drawing No,2

Drawing No,2 was produced from a cylindrical
workpiece of dimensions 150mm x 30mm, The work-

piece turned to 122mm didmeter and faced to 26mm,
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A hole of 29 mm was drilled at .he centre, A lengi™
of 20mm was then turned to L)mm diameter and
chamfered as shown in the drawing, A ring i-volute

teeth of the dimensions glown on the cdraving was then

produced,

4.1.3 Production of Drewirne no,3

A length of 25mm was cut out of 90mm bar,
78mm x Smm bore was made £+ one end and 85mmx13>n
bore at the second end, Thie first end of *the

workpiece was then chamfernd as shown on the cdrawing,

lie 1.4 Production of Drawirz no,l

The outer race of the cluich was made out of
90mm bar, A length of 20wm was cut out of the bhar
stock. It was then turned to 86mm and faced on
both sides to a thickness of 13,5mm, The profile
as shown on the drawing wes marked out on the
workpiece, A Llmm bore wes made at the centre,
and a milling cutter was vsed to fellow The profile
(roughly), It was then filed with hand to the
required dimensions, Equally spaced three pointis
32mm away from tie centre was marked and 8,5mm holes
were drilled at each of this points, A counter
sinking of 16ma diamc‘"er and 9mm deep was macde at
each of these holes, The »ush rod hole rositin~s
were determined, milled to flatness and finally

irilled with 6,5mm drill,
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l+1.5 Production of Drawing no,S & 6

Plates of the dimensions shown on the
drawing were cut out of mild steel sice* of 1,5mn
thickness and the holes .cre drilled to the

specified dimensions,

The bolts and push rod were produced in the
Departmental workshop and *he rollers were bought

from outside,

4.2  ASSEMBLY

The main clutch is inserted into the clutch
housing and covering plate 1 is welded on to the
housing to prevent the main clutch from moving out,
Covering plate 2 is placec on the other side of the
clutch when the push rod, =prings and rollers are
placed in position, The wiole of this assembly is
bolted to the flywheel, The ring gear is then
pushed into the hole ~f t.» clutch aszemblv,

The exploded view ol the above assembdbly s

shown in fig, 4,0.

4.3  TESTING
The test for any prototype should cdeternine
wether it serves the interncded purpose or not, The

designed and constructed starter clutch is a

freewheeling clutch, A freewheeling clutch saould
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- Ring gear
7 - Bolt

= Clutch
Spring

- Push rod

- Roller

N OO N E W N A
I

- Covering plate

Fig., L.0: Exploded view of the clutch

FLT77R23



“..  mechanism will freewheel v:ile in operation, -
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~ transmit torque in only one direction &% any sPea&Tt{‘-
and then freewheels in the oppesite direction.ﬁf; ;'“'“”

0% o7 The set-up of the test rig is as shown in - .

| platé. 1'12.2. Lo T

:b-;_;i';' The starter clutch and the flywheel. were fi

mounted on the lathe machine, When the machine?“ir T

'“f};trﬁnsmitted. And when it w—otates in ean anticlock= ;.w
" “'wise direction, it freewhezls, that is no torque - -

is b_ef_ng t_ransmitted. .

* This demonstration shows that the starterﬂnf_;r;;,-

e e
I .
i

L

v rotates in a clockwise dirasction, torque is .. o
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Photograph of the starter clutch mounted on
the lathe machine for testing



CHAPTER
DISCUSSIONS, CONCLUSIONS AND RECOMMENDATICNS

5.1 DISCUSSIONS

The starter mechanism adopted in this design
has some advantages over the inertia type. It is
compact, it acts as a magnet, as a starter and also

it stores energy.

The problem encountered in this project was in
the production of drawing numember L, A depth of 9mm
only is required for the hole containing the
Grub screw., However it is not possible t¢ drill
the hole from inside, so0 it was drilled from outside,

and then the Grub screw was inserted, Y

5.2  CONCLUSIONS §

I A starter mechanism for the 9kW two-stroke
engine under development in the Department of :_
mechanical Engineering, Ahmadu Bello University,f”

has been designed, produced locally and tested,

2¢ Test shows that the starter clutch is a
freewheeling clutch type. It transmits torque in

one direction and freewheels in the other direction
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5.3 RECOMMENDATIONS

%s The flywheel cavity should be lined with
suitable magnetic material to help induce the
electric current required for the spark plug opera-

tion,.

2 The possibility of casting drawing number L
for convenience and greater uniformity should be

looked into.



1)

2)

3)

L)

5)

6)

7)

8)

9)

60

REFERENCES

vusuf, Y.Y. (1986): Testing of Locally made
air filters, Unpublished B.Eng.
Thesis, Bayero University Kano,
Nigeria,

Ajayi, D, (1984): "His Works Lives After
Him". National Concord, September

27, 1984,

Ozigi, Y.A. (1988): "Design and production of
Peugeot 50} engine valves",
October, 1988, A,B,U, Zaria.
Unpublished M.Sc. thesis.

Bonett, T. (1988): "A.B.U. begins work on car
engines", National concord.

December 29, p.1.

Greenwood, D.C. (1962): "Mechanical Power
Transmission - Component Selection
and Application" McGraw-Hill Book
Company, pp. 258-288,

Messina, J.,P. et al (1976): Pump Handbook
McGraw-Hill Book, Inc. ppe. 6-152,

Jefferson, T.B. et al (1951): "Introduction
to Mechanical Design" The Ronald
Press Company New York,

PP« Lhl=hl9.

Doughtie, V.L. (1961): "Mechanisms, Mechanics
and Machine Elements" in Kent's

Mechanical Engineers Handbook"
Twelfth Edition, Eﬁ. Collin

Carmichael
John Wiley & Sons, Inc. New York.
PPe. 7-38 - 7-143.

Lessells, J.M. et al (1950): "Strength of
materials™" in "Kent's Mechanical
Engineers Handbook", Design and
production volume, Ed, by Colin
Carmichael., Twelfth edition
John Wiley & Sons, Inc., New York.
po 8"'36.




10)

11)

12)

13)

61

Greenwood, D.C. (1962): "Mechanical Power
Transmission Component Selection
and Applications", McGraw-Hill
Book Company. pp. 200-230,

Harrison, S.B. (1973): "Spring Design" in
"Mechanical Engineers Reference
Book", Ed, A. Parrish Butterworth
& ggé (Publishers) Ltd. pp.2-105-
2" .

Levinson, I.J. (1978): "Machine Design"
Reston Publishing, Inc.,
Reston, Virginia, pp. 363 - 378,

Dodd, G.E. (1973): "Screw threads, Threaded
Fasteners and Standard Sizes of
Materials" in "Mechanical
Engineers Reference Book" Ed. A,
FaorTol, —MIrd BATeran Buttervorth
& Co, (Publishers) Ltd,
PPe. h- : B M-S




