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ABSTRACT

Overspeeding has become o problem to our motorists because they want to reach
their destination on time. forpetting that it is better to be late thanbe the Tate. This project
discusses the solution to the problem of overspeeding by developing an eleciro-
mechanical speed-limiting device for amtomobiles. using Tovota and Peugeot cars as case
stucies.

A simple, portable and cheap clectro- mechanical device was designed and
constructed. 1t was installed under the throttle pedal to reduce throttle valve openmg, the
guantity of fuel supphied into the combustion chamber and finally reduce the speed of the
viehiele,

The performance evaluation carried oul showed that when the driver wanted 1o
exceed the speed ol 100knvhr, the circuit closed and a very loud alarm sounded and it was
stopped when the speed returped 10 100kmr. Data analysis shows that the height ol the
device is inversely proportional to the speed of the vehicle and alse that the percentage
change in speed when ascending and descending a slope diminishes as the speed of the
vehicle increases. Also, the sttistical correlmtion between the height of mechamceal deviee

and the speed was 8%,
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1. INTRODUCTION

Many souls have gone!-Several millions of people all over the country have hecome
deal, bhnd, mentally disturbed, lost one or two legs. etc due to accidents caused by
overspeeding. The statistics of the accidents, which occurred in our country, Nigeria, have
shown that most of the accidenls were caused by overspeeding (Federal Road Safety
Corps, FRSC, 1999}, Hutchimson (1987} estimates that worldwide, halfl a millon people
are killed each year in traflic accidents. In addition aboutl fifteen million people are
injured each vear (Trinca i al, 1988), Each year in the United States of Amenca, almost
SO0 people loose their lives m traffic accidents, The cause of the acewdenis are
attributed to human behaviour, the environment and mostly overspesding (Trinca et al,
1988), We cannotl sit down and continue walching our brothers and sisters i pools of
blood. Therefore, there is a need to design and construct a system, which will rEf_.hIEE the
speed ol automobiles in order to mimimize the number of accidents on our roads. Usually
driver referred 1o thn:if speedometer lo delermine speed. However, when other aspects ol
the drnving task demand visual attention for example negotialing a frecway exil ramp, a
driver may have (o judge speed withoul looking at the speedometer. There is ample
evidence thal people can estimate normal driving speeds quite well without the aid of
speedometer (Milosevie, 1986 and Evans, 1970). In driving, many drivers fre adapted to a
higher speed. People’s inability 1o judge relative speeds of vehicles probably account for

many accidents in which a car trying to pass ancther car has a head-on-collision with an

L P
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on-coming car, The research evidence is somewhatl mixed with respect to people’s ability
to judge the speed of on-coming vehicles { Triggs, 1988).

In order to develop a specd limiting device for amtomohbiles, the following vehicle
parts were studied for this project. They are; throttle pedal, throitle linkoges, throttle valve
i the carburetor, specdomoeter gear amd speedometer gauge, This project concentrated
muore on the throllle pedal because depressing of the pedal affects both carburetor and
specdomeler gauge

Automobiles consists of spark fgnition engines (petrol engines) and compression
ignition engines {Desel éngines) (Daolan, 1966). The manufacturers ol Diesel engime road
vehicles (DERVY incorporated a speed hmiting device, called govemor 1o the vehicle, A
governor is a device used (o limit high and low idle revolutions per minute and/or
mantain a selected uniform revolutions per minute within the power range of the engine
{William and Donald, 1985) Some imported spark jgmition vehicles such as Toyota

L]
Camry-3s engine {new model), Toyola Crown (roval tvpe) etc. are also 'rlru:ﬂr[mr:lh!d with
speed warning device which some manufacturers called speed linting deviee. When the
vehicle iz moving at a speed beyond a presel maximum speed, the warming bell will start
ringing: which many dnvers ignored.
1.1 Objectives
The objectives of this project are as follows:

i) To develop an electro-mechanical speed limiting device that will successfully

control the speed of automobiles,



(it} Tocarry out a performance evaluation of the device.

1.2 Methodology
The research/ project consists of the development of an electro- mechanical speed
limiting device for automobiles, o be used to control the speed  of vehicles in order to
avoid overspeeding which can lead 1o accidents resulting into loss of life. |
The following methods of approach were adopled to meet the identified objectives.
() Detailed knowledpe of speed limiting devices was obtained through:
(1) Litersilire review

(i} Interaction with related automobile  indusiries and  roadside

mechanics / clectricians to acquire data.

(b} The acquired data was documented for the purpose of developing a suitable
midel

ich The miode! was developed and tested.

(d) Experimental data was obtaimed for Teyota and Peugeot

1.3 PProject Significance
The significance of this project are:
i) to assist the nation to reduce the accidents coused by overspeeding, which always

lead 1o loss of life and properties.,



(b

(c)

to help individual vehicle owners to reduce the rte of fuel cunslrmpl'rm; (as an

added advantage), |

o contribute to the knowledge of mechanical engineering especially in the

automobile industey.



2. LITERATURE REVIEW
Detailed knowlediee of a speed limiting device for avtomolsles was obtmned
through literature review, interaction with related smtomobile mdustrics and  roadside
mechanics to acquire data. The acquired data shows that in order o develop a speed
limiting device for automobiles, the following vehicle umits such as .t]1rul11|: pedal,

carburctor, speed sensor, speedometer gear and gauge need 1o be discussed,

2.1 Throttle Pedal or Accelerator Pedal

{One of the most commonly used foot controls 15 the accelerator control of
aulomaobiles. In most automobiles, the aceelerator is lower than the other pedals thus
requiring the lifting of the foot from the accelerator 1o avoid releasimg of fuel into the
combustion chamber, In most of Peugeot and Toyota vehicles. accelerator pedals are
situated at the right-land sule, above the driver’s Noor board. Due 1o itz position, the
accelerstor pedal was operated by the right leg. Any depression on the sceelerator
pedal operates the throttle valve in the carburetor. Further depression along the
highway increases the vehicle speed. Figure2 .1 shows the relationship between

aceelerator pedal and the carburetor (Hillier, 1976),

2.2 Carburetor
Carburetor 15 a component which prepares a suitable mixture of fuel and wr,

and furmishes the mixture into the eylinder through the mnlet manifold via throttle
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Fig.2.1 RELATTONSHIP BETWEER ACCELERATOR PEDAL AND CARBURETOR (Hillier, 1976).
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valve for combustion (James, 1970), Therefore carburetion is the formation of an
inflammable mixture of wr and o linely atomised lght hydrocarbon (Dolan, 1966),
The atomization 15 accomplished by discharging the liguid hydrocarbon through
small holes or jets into a stream of moving air.
2.2.1  Carburetor Throtile Body
The carburetor throttle body, bolts to the pad on the intake manifold. Throitle

plates are mounted in the lower section of the throttle body. A linkage mechanism or cahle
connects the throttle plate with the accelerator pedal. A fuel inlet connects (o the fitting on
the thretile body while an outlet return line to the tank connects (o another fitting on the
throttle body.
2.2.2 Computer Controlled Carburetlor

A computer controlled carburetor normally uses a solenowl operated valve o
respond to commands from a miceo computer {Heinz, 1989). The computer caleulates how

L3

rich or lean to set the carburctor’s air-fuel mixture and at what speed 1o cut-ofT the Tuel. In
computer controlled EZHT]":JI'CH'IT. the air fucl matio 15 maintained by cvcling the mixture
solenoid ON and OFF several times a second. When the computer sends a nch command
to the selenoid, the signal voltage to the mixture solenoid 15 usually OFF more than it is

ON. This causes the solenotd to stay open more. During a lean signal from the computer,

the signal usually has more ON time, This causes less fuel to pass through the solenoid

valve. The mixture becomes leaner,




2.2.3  Carburetor-Fuel System Components

The carburetor-fuel system consists of a fueel tank, fucl pump. fuel filter.
carburetor, infake manifold and fuel lines. There are two basic tvpes of carburelors, lxed
venturt and varable venlor. Modem carburetors consist essentially of two paris, that s,
fToat chamber and mixmg chamber. The purpose of Toat chamber is [0 mantain a constant
level of petrol in the float chamber. This level must be lower than the jet because pressure
in the Moat chamber is higher than pressure around the jet (William and Dosald, 1985)
The flaat itself is usually a hollow brass pressing and controls a needle valve at the lop of
the chamber.

The carburctors have several sysiems (compound  jet, air-bleed, power,
acceleration, choke and idling). through which air-fuel mixture Mows duning different
operating conditions. These systems produce the varying mixture required for the different
operating conditions,

2.3 Speedometer and Odometer

The mechanical speedometer and odomeler are nol elecincal devives, However.
they are mounted on the car mstrument panel, along with the other instruments, The
speedometer tells the driver how fast the car is going. The odometer tells the driver the
distance the car has traveled (lames, 1970). Figure2.2shows a cutaway view of the
assembly. There 15 a small magnel mounled on a shaft inside the speedometer. The magnet
15 driven by a flexible cable from the transmission (speedometer gear). The faster the car

goes, the faster the magnet spins. This action produces a rotating magnetic hicld that drags
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on the metal ring surrounding the magnet, The faster the spinning, the more drag on the
nng.  The spmning causes the ring to go arowd against the tension of o spang. This
turn, moves a pointer attached 1o the ring which mdicates car specd. The odometer i
operated by a pair of gears from the same rotating fMexible cable thal drves the
speedometer.  The motion is carried through the gears 1o the mileage rings on the
odometer indicator. These rings turn to show how many miles or kilometers the car has
been driven, The cable 1s 1|5u;.rlly driven from a pair of gears in extension housmg of the
transmission, One of these gears is on the main shaft of the transmission. The other is on
the end of the flexible cable.

124 Specdometer Drive

Normally, a manual transmission has a worm gear on the output shaft that drives
L

the speedometer gear and cable. The gear on the output shail turns a plastic gepr on the
end of the speedometer cable. The cable runs through a housing up to the speedometer
head (specdometer indicator assembly) in the dashboard. A retaner and bolt hold the
cahle assembly in the Ir:|_||.t:m_i551'cm extension housing. Whenever the oulpul shall tumns,
the speedometer cable tums. This makes the speedometer head register the road speed ol
the car.

2.5 Speed (Cruise) Control System

Speed control senses engine speed and controls the throttle ppening of the

carburetor. This system allows the driver o select a speed, scl a control and take lus or

her foot off the accelerator pedal, This system will then hold the car to the speed set. If

10



the car starts 1o slow down when going up a hill, the throttle valve automatically opens.
IT the car starts to speed up coasting down a hill, the thretle valve autonmically closes
The system imcludes two swilches-SET and OFF-ON-RESUME- & throtle
acluator, a speed sensor. an amplifier. wires, check valve assembly, vacuvm reserve tank
and vacuum hoses. The switches are mounted either in the spokes of the steering wheel or
on the turm-signal lever. The speed sensor is located at the back of the speedometer, An
electronic device “reads™ the cor speed by noting how fast the speed indicator in the
specdometer is rolating (Robert, 1975) This information is fed 1o the electromce
comtroller. The controller then compares this with the speed the dover has set i the
memory. I the car speed s oo low, the controller signals the vacumm-contrel valve. The
valve then admits mere air to the power unit. This causes the diaphragm in the power unil
to move. The motion is c'nrll'ir:tl o the throttle through linkage and the throttit opens to
merease cngine power, se car speed goes up. When the preset car speesd iﬁ*rcn;hed1 the
power und eases off 1o prevent any Turther increase in car speed. When the OFF-ON
swilch in ON, the .ﬂ}-'EIE!HI_ memory is ready to accept a speed value set by the driver
When the driver accelerates 1o the desired speed amd presses the SET swiich, the system
takes over and holds that speed, The speed may be decreased by moving the OFF-ON
switch o OFF, or by tapping the brake pedal. When the driver moves the OFF-ON swiich
to RESUME, the system automatically accelerates the car lo the presel speed, The layoul

of modern elecironic speed contral system is shown in Figure 2,3

11
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2.6 Specd Sensor and Excitor

I'he speed sensor uses o vanable reluctance magnetic-sensig principle whereby a
evlindrical permanent magnelic core with a coil wire wound around o, mounted on a
stationary hub carmer. axle casmg or back plate, produces a magnetic field (lux) which
overlaps the rotating exciter ving as shown in Figurez  4The excitor nun be of the tonth
ring or nb-slol ring type attached to the rotatimg wheel hub or doive shadt. A number ol
teeth or slots are arranged rdinlly which with the speed of rotation of the road wheel
determine the frequency of signal transmitied 1o the electronie control unil. As the wheel
anel exciler revolve, the tecth and gaps and ribs and slots of the excrier pass through the
magnetic cone, senses the clungmg mtensily of the magnetie field of the sensor. The coll
wrapped around the magnetic lield as the teeth or ribs pass through the Nux lines and so,
an allernating vellage is induced in the enil, whose frequency is proportional to the speed
ol the rotating wheel. The voltage is transmitted 1o the contral wnt whenever the rood
wheels are rotating regardless of whether the brake is apphied or not The road wheel

L
gpeed  measured by (he' speed sensor provides the wheel deceleration and wheel

- 4
acceleration signals for the electronic control unit, The merging and processmg ol the

mhividual wheel speed sensor signals by the control umit provede a smgle reference

specd. which 1s roughly the vehicle speed



L7 Throitle Position Engine Sensor

The carburelor sensor system monitors engine-operting conditions amd reports

E

the information to the computer {Team, 1991). A throftle position sensor 15 a varable
resisior connected to the throttle plate shaft. When the throttle swings open for more
power of close for less power, the sensor changes resistance amd signals the computer,
I'he computer can then cut off the fuel supply to the combustion chamber through the
et mantfold as the dover wams to exceed the specd himn specificd for the velicle

Fhrattle position sensor nses contacts o report amount of throitle opeming o the

compuler. Throttle shafl rotation causes different contacts to close. Each set bl contacts

R [ ]

15 connected 1o the circut resistor of different value, In this way, dilferent current
levels are produced for different throttle positions, The computer can then alter fuel
mixture for idle and wide open throtile positions and at the same fime cut off the fuel
when overspeeding

A bad throttle position can affect fuel metering. igmtion bming and other
computer outpuls. I"nrial_l].' throttle position swilches use contact poinls or vanable
resisiors that can wear and fml. A throttle position sensor signals the computer when the
gas pedal i1s depressed 1o different positions {or acceleration, deceleration. adle cruise
and full power. It can cause wide range of performance problems. IT shorened, it might
mike the fuel mixture too nich or if opened, too lean (Mark and Armnest. 1992).

A throttle positioner 15-used on the throttle body assemblies to cut off the fucl

when the driver wanis 1o exceed the maximum fixed speed limit. The compuler actuales

14



the pﬂﬂilinﬂET to opren or close the throttle plate. In this way, the compurer can mrrainiam
o precise g vehiele speal
1.8 Vehicle Speed Sensor
I' s sensor senses the actual speed at which the vehicle 15 travehng ( Team, 19492)
A bad vehicle speed sensor will uspally reduce the engime performiance and fucl :mn.nrn:-'
bt will st keep engine fom rinnine, [ provides data Tor precise contrel of fucl
metering, tgnition timing, eic. A bad vehicle speed sensor nught also affcct transimission

torgue converter lock-up. A vehicle speed sensor is fested in much the same way 0% an

engine sensor. There are four types of speed sensors, they are: -

i Reed Switch tvpe

(1 Photo Coupler tvpe :
(1 Electromagnchic Pick-up lype S
(V3 Magnelic Resistance Element type.

2.8.1 Reed Switch Type

This sensor is mn}mlﬂd in the analog combination meter. 1 contains a magnet,
which is rotated by the specdometer cable, turming the reed switch ON and OFF, The reed
switch goes ON and OFF four times each time the speedometer cable rofates once. The
magnel has the polarities shown in Figurez,s The magnetic Torce at the Tour areoas ol
transmission hetween the North and South poles of the magnet opens and closes the

contacts of the reed switch os the magnet rotates. The electnical circuntey of the reed

switch type 15 shown in Figure 2 g
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181 PPhoto Coupler Type I

his sensor is mounted in the combination meter. 1t includes o photo-coupler magde
from a light emitting diode. which is aimed at a phototransistor.  The light emitting diode
and phototransistor are separated by a slotied wheel, which is driven by the speedometer
cable. The slots in the slotted wheel generated light pulses as the wheel trms resolution of
the cable, These twenty pulses are converted to four pulses by the digital meter computer.
then sent as signals to the electric control unit. A sketch of a photocoupler 1y pe ‘vehicle

speed sensor is shown in Figure 2.7 and i1s electrical chrenitey s shown in Freoge 2.8

283 Flectromagnetic Pick — Up Type

This sensor 15 fitted 1o the transmission and detects the rotational speed of the
transmission outpul shali. This sensor consist of a permanent magnet. a coil and a core. A
rofor with four teeth is mounted on the transmission outpuat shall,  When the transmission
outpul shail rotates. the distance between the core of the coil and the rotor increases and
decreases because of the le:::ll'r.l he number of lines of magnet foree passing through the
core increases or decreases accordingly and AC voltage s generated in the coil, Since the
Fregquency ol this AU voltage is proportional to the rotational speed ol the rotor, 1t can be
used 1o detect the vehicle specd. Figure 2.9 shows a tansmission oulput shalt with speed

sensor while Figure 2.10 shows the speed sensor itself.  Figure 211 shows the working
L

principle of speed sensor while the Figure 212 is an electrical circuitry.
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1.8.4 Magnetic Resistance Element Type

This sensor is mounted on the transmission or the tramsfer and is driven by the drive
gear of the output shaft as shown m Figure 2,13, This sensor consisis of an hyvbrid
integrated circuit with a built in magnetic resistance element and o magnetic ring. as shown
in Figure 2. 14,

Fhe orientation of magnetic force is changed by the rotation of the magnet fitied to
the magnetic ring. with the result that the owtput of the magnetic resistance element
becomes an alternating waveform, as shown in Figure 2,16, The comparator in the speed
sensor converts the alternating waveform into & digital signal, which is then inverted by
the transistor belore being sent to the combination with the number of poles ol the magnet
fitted to the magnetic ring.  There are two tvpes of magnetic ring (depending on the
vehicle), the type with 20 magnetic poles and the type with 4 magnetic poles. The 20 poles
type (as shown i Figure 2.07) generates a 20 evele wovelorm  (Le. 20 - pulses for cach
rotation of the magnetic ring) while the four- pole type (as shown in Figure 218 and 2,19)
generates a d-cyele waveform . in the 20 - pole type. the frequency of the digital signal is

L]
converted from 20 pulses for each revolution of the magnetic ring 1o 4 pulses by the pulse
conversion circuit in the combination meler, then the signal 15 sent 1o the engime L'h;clrm::'i:
control unit. In the case of 4 pole 1vpe. there are two different kinds, in one 1vpe, the signal
from the speed sensor passes through the combination meter before going (o the engine

electronie  control unit, In the other type. this signal poes directly 1o Lhe
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engine electronic control uni without passing through the combination meter. The outpul
circuitry of the speed sensor differs depending on the vehicle model. As o resall, the
output signal also differs depending on the model, One type 15 the output voltage tvpe and
the other is the variable resistance type. The types of

magnetic resistance elemenl Lype speed sensor presently used by Tovola are shown m the

fahle below:

| TYPE OF MAGNETIC RING TYPE OF SIGNAI
T 20 pole 1}1145 o Output voltage tvpe :
20 pulsesirevolution OV toh— 12V
- 4 pole type Varable resistance tvpe
3 4 pulses/revolution ng) - =

2.9 Twelve Ways of Measuring Speed
According (o {Douglas, 1939 the twelve ways of measuring speed are
191  Simple Counter and Separate Stop Watch:
It reqguires dexterity since the counter 15 held with one hand and the stop watch
with other hand. Average speed measured duning one minute interval by notmg the

counter readings at beginmng and end of time interval as shown m Figure 2,20
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292 Comhination Connter and Stop Watch

Counter starts when button is pressed and the saich automatically stops counter
hand at end of a given time. [hal 15 calibrated m revolutions per mimute and measures

average speed. It is shown in Figure 2,12,

293 Centrilugal Tachometers

Centrifugal povemnor Iype mechanisms with weights. which move outwardly from
shall as speed increases caustng sleeve o move up Sleeve meves indicntor pointer
t!1r1.11|:'_.:]1 |i1ll'..'ly_1.' 1 prroporiien (o 5-'[1:.'1.'1|. Care nst be taken o averd over speedimg. T s

shown in Figure 2.22

2.94  Generator Tachometers

D.C. voltage generated in proportion to speed and displaved on a DU indicator or
recorder.  This system does not use gearing and is vsualls Bavited to T30-200 rpan at lull
scile.  Crenerator is molched with a particular indicator because vollage 15 not exactly

linear with speed. Itas shovwn in Figure 2.23

205 Generntor Tachometers

r k

AL voltope is penerated in proportion to speed and displived on an AL
mdicator, This svstem does not wse gearing and vsually imited 1o Tull scale reading of
S00rpm mimimum: and  S00cpm maximum. It covers wide range and does not require

brisshes. It is shown in Figore 2.24.
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296 Drag Cup Tachometers
- . - - - . t
Flexible shafi drives small permanent magnet i dmag cup. Motion of magnet sets
’ i
up eddy corrents in wall of dag cop. resalting rotary foree cavnses drag eup o follow, Flair
spring halanced to produce a pointer deflection proportional 1o speed.  This system s
simple and inexpensive, but with Tiited accuraey and speed range. 1 is shown m Figure
225

297  Stroboscopic Tachometers

A Fast Mashing lght is used to view rodating parl. Frequency ol Hashing adjusted
until rotating parts appear to stamd still. Frequency reading corresponds 1o revolutions per
minute of rotating part. [t requires no accessible shall and absorbs power from rotating

parl. However. the syvstem requires constant adjustment il speed changes. 1115 shown i

Figare 2.27.

299 Photoelectric Tachometers

A constant light source 15 [ocused to shine on a rotating disc. The light reflects into
a modulator by dark osd Tight spots on rotating part. Frequency of - modulations
proportional fo rotating sprecd amd measured by fregueney meter, Specd up o 300N

rpm can be measured. This is shown in Figure 228
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2910 Vibration Feed Tachometers

A comb made up ol o sel of accurately turmed steel reeds is held against any part of
rotating machine, such as the cose of motor, Vibration of machime sibrates on reeds in
tune with machine frequency 1s read directly on a scale above the comb. It requires no

access 1o a rotating shaft and mnges from 300- 12 500pm, 10is shown in Figure 229,

L9011 A Frequeney Responsive Tachometers

[t is similar o AC. generator bul measures generated Frequency (not voltage). 1vis

very expensive and ranges from SO-B800 rpm o with good aceuracy. It s shown i Figore

234,

2912 Commutated Tachometers

Rotating double pole. double throw switch charges and discharges capacitor. The
resulting average D.C, current s linear with speed, This system is very accurate. Linearnty
allows multiple ronge indicators and rotating switches are interchangeable.  his is shown

i Figure 2.31.

2,10 Vehicle Speed Sensor

I'his sensor tells the computer how fast the ear is traveling,  The Vehicle Speed
Sensor is driven by the speedometer cable.  The speedometer cable drives o pulse generator
in the speedometer pinion housing. Some cars have the speedometer pimon drive the pulse
penerator.  As the pulse generator makes one revolution. o certain number of pulses o

valtage sipnals are sent to the computer. The computer must be programmed

1 .
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tr know  hew mamy pulses cqgual oo one revolution of the specdometer uu!'rh.:_ I'he
intormation is also used for a dignal dosh and trip computer. 10 the selsele s so equipped
I Figire 2.32 the engine speed sensor monitors crankshalt motion,  The slotted
wheel rotates with the crankshallt. The sensor 1s mowumted in the engine block. The engine
speed sensor shown in Figure 2,33 monitors the rotation of the distributor shaft. Lastly.
Figure 2.34 shows the wvehicle speed sensor mounted on the transmission hoosing and

monitors vehicle {Willimn et, al. 1995)

2,11  Engine Speed Sensor Service .
When operating properly, the engine speed sensor generates o small stltage signal
which is proportional to the speed of the engine. IF the sensor is faulty. the correct voltage
will not be produced  (ClitfTord, 1977), A defective engine speed sensor can cause
problems with the ignition svstem and prevent the engine Trom rumning. A voltage check
15 commonly recomniended for the engine speed sensor. As the engine is cranked. a small
voltage should be produced in the sensor. If the voltage is not within the manufacturer’s
specifications. the sensor  must be recommended for checking of the resistance of the

sensor coil, The resistance should be within the recommended range.
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L DESIGN AND CONTRUCTHON

LA | Iesign Considerations

Interaction with mechanics. drivers, owners of Neet vehicles, Federal Road Safery

Corps. Traflic Pohce and antomobile companies have shown that there is o need to develop

a speed limiting device for automobiles,  This device must have the following

characteristics { Warren and Luradder. 1977,

[t must be:
i
(it}
(ni)
(iv)
{v)
(vi)

{vii)

Portable

Light in Weight

Simple to bld, agsemble and edsily mamtamed
Made of common materials

Safe and easy 1o use by all vehicle owners
Easily demonstrated in the vehicle

Affordable by antomobile maners
L]

[hough this system exist in some vehicles i this country, but due 1o begh cost of
L ]

sensor in the existing system, it 1s nol easy for the owners of feet vehicles o install the

system in their vehicles, even if they want 1o do so. Therefore. there is o need 1o develop a

simple, portable, low- priced, speed himiting device which cannot be easily removesd

12 Definition of Problem

Overspeeding. as mentioned carlier. is a problem o our motorists, which must be

solved in order (o reduce the rate of accidents on our roads.  Therefore, the main objective

34



of this device 15 to find solution to the problem of overspeeding by developing a cheap

clectro-mechameal device, wlach will be placed under the theottle pedal of the vehicles,

The man lunction of ths device 15 10 control the speed of velicles moving on our roals

1.3 Cieneration and Evaluation of Alternative Solutions

The interaclion  with  related  awtomobile  mdustries  cmd read-side
moechames/electricians hive shown thit there are severn]l methods of reducing speed of
vehicles. Some of them are brielly described below:

i) Flont Level Adjustment: The floa level can be adjosted o redoce the level
of fuel inside the Moat chamber, so that the fuel can be cul ofl 1 the speed 15
ahout 1o excecd a specified speed (eg. TDkm/hr). The main disadvantage of
this method is that if the fuel is cutl off when overtaking another velicle, it can
lead to accident 1f another vehicle suddenly appears i front. Duc to (hat
disadvantage. this method was discarded

{1} Retardation of lgnition and Engine Timing: Another method conselercd 1
o retard the temtion and  engime  timmg of the velieles. Durimg  the
perfornmance test. 11 was observed that rate of fuel consumplion was oo hgh

:
which means that this method is not economical for an average Nigerian
vehicle owner,

i Speed Limiting Sensor: A sinmlar device to the existing specd hmating

device in some vehicles can be designed and constructed wsing speed limiting
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sensor. Due to high cost of the sensor. which can not be alfordable by the
vehicle owners, it was discarded.

{iv) Electro-Mechanical Device: Finally, a portable electro-mechanical deviee
wirs designed and constructed, The mechanical unit of the device was placed
mirder the throttle pedal while the electnical unit of the device was connected
to the carburetor, The electrical device will make noise of the dover exceeds
I0kmdhe, Thas method was fnally chosen because of ns simplicily.
reliability, low price, durability and the fact that it cannot be easily removed

X4 Condition of Use

This device muost be connected 1o the Noor-board under the throttle pedal. Also,
the round-headed bolt should be welded to the base after road test 1o avend dovers Trom
re-adjusting them. The switch must be connected to carburetor and the alarm should be
hiddden mside the door or in the fender on the driver’s side; as described by (Hawkes and

Abincit, [184)

X5 escription of llu:' Flectro-Aechanical Deviee

As the name implies, he device was divided imto two, manels, mechantcal amd
clectrical units. The mechanical umil can be divided inlo three basic components, namely,
base, round-headed holt and locknut. The base is the main body of the mechamenal wmt,
which accommodates other components. It is made up of an imtemal screw threwded

collar, which stands 1n a tripod stand of 40mm height. The collar 1s 50mm diameter and

2mm thick The legs were attached to the Noor board of the vehicle directly under the
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throttle pedal. The round-headed bolt is M15 x 2 and 535mm long and the diameter of the
head is 4thmm and mm thick. The throttle pedal head has direct contact with the head
of the round-headed bolt. A lockmut is used to prevent the ound-headed boll from
loosenimg afler setting it te a particular height during the road testing, '

The elecirical device was made up of switch, alarm, spring. cahles and |2V
buttery, The switch was connected to the carburetor through a sprimg. A cable was used 10
connect the swilch to the alanm and the battery. A line diagram in Figure3.1 shows (he
asscmbly of the clectrical and the mechanical units,

A6 Working Principle of the Electro-Mechanical Device

The mechanical unit will be placed under the throttle pedal while the clectrical
unit will he connected 1o the carburetor. The mechanical unit has been sct in such a way
that the speed of vehicle cﬂn-_rﬂm:h 1 20kmihr but when the speed exceeds 100kmtr the
alarm will make norse o warn the driver not 1o exceed 100kmdr 1t s possible o
overtake another vehicle af 1 20kmyhr and retum to 100k afler overtaking so that the
alarm will stop 'rr.lak'rng noise. The assembly of the mechanical vmil is shown in Figure3 [ 2
while the exploded view 15 shown in Figure 3,3
1.7 Construction of Mechanical Componenis

lhe construction of the mechamical wmt and some brackets of electrical wrn was

carricd oul in the production workshop, using the power hacksaw muachine, lathe

machime, milling machine, guilloting, grinding machine, drilling machme aml welding

machine,
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A shall of Smm dmeter, 200mm long was cul, from which the collar, the rouml-
headed halt and oot were produced. The thread Gmternal and extermall was produced on
the lathe machme winle the hexagonal mt was produced on the milline machine. Three
pieces of (L.5mm thick sheel metal of 100mm long and 30mm wide each was hﬂ“. al a
height of 40mm and welded to the collar 1o serve as inpod stand. All these components
are shown in detail in the workmg drawing m Figure 3.4
1R Selection of Materinls

Though the force acting on the deviee via the throttle pedal is very small but for
durability and strength, a mild steel which 1s an alloy of iwon and up 1o 0.43% carbon was.
chosen 1o construct the device {Khuems and Gupta, 1979) "
3.9 Cost Analysis

Three basic unit costs were cornsidered when costing mechamcal umt. They are

malterial cost, lahour costs and overheads.

Matenal cost - M1L2S0L0N

Iabyeruar corst - MTES M)

Orverheads . B SO0 00
Total : M 259500

Blaterial costs and labour costs were considered 1o the case of electncal umirs
Material cost - 85, 505.00
Labour costs - 1, 350,00
B, 915,00

The 1oial cost for both electrical unit and mechanical wans for device 13 Nime thousamd,

five hundred and ten Naira only (39, 510,00 )
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310 Caleulations

Rpm of driving wheel = Vehicle Speed

Wheel Circomiference

= '\.'

Inr

Vehicle Speed

v = Tar omimin
G
Engine Rpm. N - Vo ox G
2mr
Vehicle Speed = Vox 1000 .
ol
Vs in km/hr
M |._u[1u:-. i
T _ Em’ % ) :

110,10 Bound = Headed Bolt and the Collar Tor Base
i) Pitch diameter, d, = d-3 /dh

dy = d- (34 x0.86603P)
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= d-0.6495F
il P=2d~15mm
dy=15-(01.6495x2)
d,=13.701mm.

{11} Pitch cireumference, P=d, x T1

=13.701xl1

=43, 04 Jinm
(it Helix angle, i
tan oo puteh
P
tanee - P - - LS
P, 43043
=1 (4647
0=2.66"

(iv) Root diameter dg = ed-( 2x0.6495 1)
- 1.2990P
= 5-11.9901)

15.01.2090x2)

= |5-2.598
=12 402Zmm.
{v) Root Area=1d'y
4
=[1.x(12.402)"
4

A= 1 20 &’
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(vi)  Areaofhead Ay
Diameter, di=4mm

A=y =1 1540
4 4

=1256.6mm’
(vii)  Area of throttle pedal head, Ay
Length=hmm
Breath=45mm
A= 045
A500mm’
(viii) Height of the thread, h=0.8663F
h=0.086606x2
=1, 732(Hmm

tixd Toomachine the hexagonal head on the nifling machine ysing divading

head.
ao=an-o! w"
o h . !

this means, & complete turns plos 16 hole on 24-hole circle
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4. TESTS, RESULTS AND MISCUSSIONS
L]
As mentioned eariicr, this project vsed Tovota and Peugeot cars as ense studies
According to McGeoch and Randall ¢ 1996), there are aboot one hundred and thies ¢130)

types ol Peugeot and aboul ity —eight{ 58} types ol Tovota available in the world market.

Detmi] of each model are shown m Appendices | and [1

4.1 Experimental 'rocedure

The mechanical device was tested alone by placing it under the throttle pedal, and
sefting it o a height, h. o5 shown in I'_igun: 4.1. The vehicle was driven ,th,"l_f Mluba-
Mararaba Road of Adamawa State.  The speedometer reading corresponding (o a particular
height, b, was observed as the throttle pedal moved a distance, AL The veluele was

driven on both level road and slopes.

Later on, the electrical device was fixed to the carburetor as shown in Figure 3.1.
Une tyre ot the rear (for Tront engine rear wheel drive) was suspended and the car was
slarted.  The pear was él1gaugu-.!. and the throttle pedal wos depressed for o distance, Al
Electrical device was set o make noise, ns soon gs the speedomeler rombing wimted o

exceed 100kmdw.  Then, the rear was jacked down and the car tested on 1ie same road

mentiomed above

The circnit of the electrical device closed immediately the speedometer readmg was
about 1o exceed 100kmhre and there was a loud notse from the alarm. Note That ﬂllf' higoer
mechanical deviee was used lor the Peugeot model while the smaller mechanical device
was  used for Toyvota model because, throttle pedal height, T for Tovota model was

=

staller than that of Peugect model

iy
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4.2 Results
4.2.1 Raw Pata

Tables 4.1 to 4.6 show the test results of three types of Peugeot and Tovota cars on
a level rond while Tables 4.7 and 4.8 show the test data for slopes lor different height o

the throttle pedal from the Moor board. J

423  Analysis

Tables 4.9 and 4,10 show the analysis of the data when ascending or descending a

slope. Note:

PE:S = SRA-S5R X100 = SRD-5R X 100

R SR

4%



TABLE 4.1 Experimental data for Peugeot 504 Station wagon

on a level road for 1 = 135mm

[SINn h{mm}) A () SR (Emdin)

1 o0 45 P20

2 925 433 110 :

3 95 40 100

£ I 5 v . S T

5 o 35 (I .
6 1025 125 68 .

7 o5 A0 a5

Table 4.2:  Experimental data for Peugeot 505 saloon on a level
road for H = | 30mm.

ITNG himmy AH{mm) SR (Km/r)
I g5 45 123
2 NEGE 425 1o
L R T/ A I T 12
4 92.5 373 90
5 95 15 79
fs 975 325 |69
7 [1H0) 30 fi)
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Table 4.3: Experimental data for Peugeot 504 Pick-up on a level road
for H = 140mm,

= S ol WO

SMo imm) | Allimm) SR (Kmhr

| 95 45 i21

2 075 14zs T [ 109

3 11D 41 T .
4 102.5 17.5 )

3 105 35 "2

I 1075 |35 it

7 110 A0 58

Table 4.4: Experimental data for Tovota Corolla 1.6GL on
a tevel road for H = 83mm.

SMNo Wmm) | Allimm) S.R.(Em/hr)

[ an 43 [iE

TR I " o
3 An 33 g2

4 55 28 25

] faf} 23 an

. — s T m—— N

7 T 13 R 54 K
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Table 4.5: Experimental data for Tovota Starlet 1.31 on a
level road for H = 85mm.

SMNo [himoy [ Almm) | SRO(Km/ir
| a1 a5 112

3 a5 40 107

3 50 i3 1000

4 55 30 23

3 60 25 B8

f 65 20 80

ki o [15 75

Table 4.6: Experimental data for Toyvota Lite-Ace on a level
road for = 8Rmm.

S/No h{mm} AH{mm) | SR {(Km/hr)
T A | i

Z i |4 105

3 560 18 1

4 35 13 1

5 ) 28 86

s 5 23 &0

7 70 15 62
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Table 4.7: Speedometer reading for Tovota Corolla
L6GL on a slope for 11 = 8B3mm.

S/No i ) S.R.A (km/hir) SRD (KEm/r)
1 40 10 1

2 45 95 107

3 A1) B 102

4 55 77 Qs

E 6 6 91

I 65 |51 N 79

7 o SR I Sem 71

Table 4.8: Speedometer reading for Pengeot 504
Station Wagon on a slope for H = 135mm.

SN0 h{mm) S RA tkm'hr) S R.D (Km/hr)

1 i 14 126

2 915 114 18

T | 93 0d 10

i 975 | ‘0 102 o
5 [ w0 70 04

f 1025 S B

7 105 41 T
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Table 4.9: Percentage Change in Speed for Tovota Corella 1601

on a slope for Il = B3mm

Table 4.10: Percentage Change in Speed for Pengeot 504 Station Wagon

on a slope for 1 = 135mm

SNo | SR SHA. [FCS. SRD PCS
{ Kmi/ir) {kmhir) (Y] tEmi/hr) ("}
I i | 470 10 76|
2 100} 08 -4.76 107 7.00
3 91 S 6.52 n2 10,698
q L | 77 9,41 95 11.76
F | 8 oo 1375 ] 1375
fi 03 51 | <1908 79 25.40
i 7 T U X778 I | 3148

' S'No SR SRA PS5 SRD PCS |
{km/hr) {km/hr) (%) (km'hr) ()
| 120 114 -5.00 120 5,011
R BIE 10 545 178 Ta7
3 o | o4 Loh [ e
4 Bl | &0 0T in2 1333
E 80 0 1250 94 17,50
T D 1763 86 26.47
7 55 40 -27.27 6 | 388
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Table 4.11: Statistical Correlation Between Height of the Device and Speed of
Peugent S04 Station Wagon on a Level Road lor
I = 135mm.
X y | xy x* ' [ X &)
i) 120 10800 | B100 14400 |
025 110 0175 | 8556.25 [ 12100 |
g5 [inn 9500 TR R
CrE S ] 8775 | 050625 | 8100 | 975 | sa0
100 2 0N M Ty
025 |68 a6 [ 10a06.25 | 4624
115 55 5775 1025 1028
682.5 | 623 50005 | G6718.75 | 58049 | i_
e following equations arc used
Source: !.'"nt|l:jl1_':.-'igl-'ll.". 19540
I L e L
b B L -{2} .
b = EXYp=BX) (E¥p) —mmees ()

HEKIM i {E}{Ip!:‘
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o= nEXgYa— (EXp XY
X AT X nEY e EV )

Note: Xy = % - Height of the mechanical device from the floor-board in mni.

¥ = ¥ — Speedometer reading ona level road surface in knm'hr.

Nip = % - Averape height of the mechanical device.

Y= ¥ — Average speedometer reading ona level road surface
a i b - are the parameter of the regression cquation.

r= Correlation

To determine the eyuation of regression line from eguation (3)

b= (7959995) - (682,51 (623)

HEGTIR 75)  (GRISY

ho. 923035
128

=-4.27

from equation (1)

y=at+bx

gg = g + { -4 27x97.5)

a=55
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uging equation (17 to wnle equalion of regression line.
vy =it bx
y=a+ 555 42/

using equation (4} to calculate the correction,

y= 7(599495) - (6B25) (623)

JTO6T18.75)  (6825)° VT(S864Y) - {623y

= .52232.5
{35y (149.7)

= -1.9987

¢ = 09973

‘This has a very high correfation,



dable 4:12: Stadistical Correlation Between Height of the Device and Speed
of Pengeot 505 Saloon on a level road for H = 130mm.

% y  Jxy [xf ¥ X Y
85 123 (0455 .| 7225 15129

R7.5 110 9625 765625 | 12100

an | 162 9150 RIOD 10404

92,5 a1 8325 - [ B556.25 [ RI0D 925 | 90.43
95 79 7508 9025 6241

97 5 (] 67275 | 9506.25 | 4701

B O [oonn | 3600

6475 [ 633 [ 5TRIT.S | 6ODGRTS | 60335

To determing the equation of regression line From equation (1)

h=7(57817.5) (647.5)1635)

1

THOHDOGET5) (064757

h=-3145
1225
b=-4.2

fronm equation (2)
vy =a+bx

G043 - u b (4.2 x 92.5)

LY



a=478.93

Lising equation (1) 1o wiile equation of regression line
y =g ¥ bx

y=478.93 - 4.2x

Using equation {4) to calculate the correction,

F= TISTEIS) (64T .5)(631)

v T(60068.75) - (6475Y J7(603350 - (633)

o
(351(147.2)
r = -().SHI8D
= 0,9978

This has a very high correlation.
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Table 4..13: Statistical Correlation Between Height of the Device and Spreed of
Peugent 504 Pick-Up on A Level Road for H = 140mm

< —ri T 7
o MR 5 | 1195 [ 9025 145417
oy 1 06275 (950625 | TT88T
11| I LY IO | 100K | TOD00
BLUZETE R L 275 050625 | 8100 |
ik 82 BG10 11023 6724
75— 69 [ 7AI75 | 1155625 [ 4761 |
T [ 58 GART 12100 [ 3364
TITS  [R29 [63I7SF [ 73TIRES | 59T

X

1025

v

89.857

To determine the equation of regression line. From equation (3)

b= T(63755) - (717.5) (629)
NIRRT - (71157

SU%E a
1225
L

h=_4.1]

]

From cyguation i 2)
y=a+ by
BORST7 =a + (-d.1x102.5)

w=5101
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Using equation (1) to write the equation of regression line
y=a +hx

y= S04 1%

Using equation (4) o calcolate the correlation, 1

Correlation, = (b3755)  (717.5) (629) .
NHTITIRIS) (T17.5F NTS94710  (629Y

= -5022.5
(331143 72)

= -G08

= (1,9969

This has a very high correfation,

Table 4.14 Statistical Correlation Between Height of the Device and Speed of
Toyvota Corolla 1.6GL, on A Level Road for H = B3mm.

% ¥y Xy %° v X ™"
i 108 4200 1600 11035 ' |__
a5 1o [ 4500 0325 | D004

S5 (93 |d600 | 2500 | 6464 |
55 |85 [4625 | 3025 7225|550 | 827
il g !I'asmr 3600 aann |

(5 163 [4095 | 4225 3969
70 54 FR7RG | Annn 016

385 kT i 650 | 21875 | 49599 |

|
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To determine equation of regression line using equation { 3
b= 7(300650) (3B5) (579)
7(21875) - (38S)
= -8305
450
b= -1.71
From couation (2)
Y=a+hx
82.7 =aH-17.71x535)
a= 17675
Using equation {1} to write cquation of regression line.
y=a + bx
y=176.75-1.71x
using equation to calculale the correlation. r
= 7(3U650) - (385) (579)
JT(21875)  (38S) VT(49099)  (579)°
= -B365
(704 (121 4578)

= 10984
r=0 968

This has o very high conclaion
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Tahle 4.15: Statistical Correlation Between Height of the Device and Speed of

Tovota Starlet on A Level Road for H = 85mm.

g s 2 tor—— | . |
40 112 4480 1600 12544 i |
45 17 4815 2025 11449
30 100 5000 2500 1(H00)

55 (93 5115 | 3025 RO4T
o) EL3 5280 3600 7i44

| 65 B 521K 4225 RN
70 75 5250 400K 5625
Lk 6355 15140 21875 62411 |

I'y determine the equation of regression line from eguation (1)

B=  7(35140) - (385} (653)

H2I875) - (3RS)

from eguation {2)

y=a1+ bx

91.57=a + (-1.26x55)

a= 1631



Llsing coquation (1110 write cguation ol regression lme.
v | ohy

yo 1631 1.20%

To calculate correfation, r. use equation 94)

= 7(35140) — {385) (633)

JTI2IRTS) - (3R5F VI62411) - (655)
r 6195
(70) (BB.61)
r= -{).99874
= (1,997

This has a very high comrelation.



X

550

Table 4.16 _
Tovotn Lite-Ace on A Level Road for H = 88mm.
X \ X ¥ {¥
40 1K [ 4600 16040 13225
45 15 [ 4725 2025 | 10203
0 (101 5050 | 2500 10201
55 91 5005 3025 8281
0 8t 5160 3600 7306
03 B 200 4235 (A00)
7 02 4220 | 4900 IR4d
185 1) FdOR0 ZIBIS 6037

To determine the equation of regression line. From equation {3).

b 7(34080) - (I85) (640)

TL21875) - (385)°

b= -7840
RN
i T

From ceoumtion (2)
v=a+ by
F1.43=a {-1.6x55)

A= 17943

B4

Statistical Correlation Between Height of the Device and Speed of

T 43




Using equation (1) to write equation of regression line
v=at bx
y= 17943 '].06x
using equation to calculate corelation, 1
= 7(34080) - (385) (640)
J7(21875) - (385)7 VT(60372) - (640)°
f -7840
(o 14.035)
= -(982
ri= 01,9640

This has a very high correlation.

4.2.3  DISCUSSIONS

I'he data oblained in Tables 4.1 to 4.6 show that the height of the device is
inversely proportional to the speedometer reading. The higher the height of the device the
lower the speedometer reading and vice versa. Il means that 1t is possible to travel at a
particular speed throughout a journcy afier setting the height of a device, It is also possible
o allow the daver to move up o a speed of 120Em/br o oy ertake another vehicle and
return haek to 100km/r afler overtaking in arder 16 do away with the noise of the alarm.

Tables 4.7 and 4.8 show the raw data ohtained durmg roand test when vehicle was

ascending and descending a slope. It was observed that at a particular herght, the speed ol




the vehicle 15 hgher when descending a slope than when ascending a slope due to the
weight of the vehiele.

The data of Tables 4.9 amd 4,10 show that as the speed of the velnele decreases,
the percentage change i the vehicle speed increases, This shows that the lhigher the
speed, the lower the percentage change in speed when ascending or descending a slope

L]
and the lower the speed of vehicle the higher the percentage change in speed. This s due

to the mertin of the vehlicle which retards the speed of the velmele when ascending a lull
amd increases the specd of the vehicle when descendimg a slope.

Furthermore, it was observed that the throttle pedal of Peupeotl travels for a
distance of about 45mm before the speedometer reads 120km/bre while that of Toveta travels
for about 50mm to attain the same speed.

Finally, Tables 4,11 10 4.16 show thal the statistical correlaion between the

height of mechamical device and the speedometer reading was very high

G



S CONCLUSIONS AND RECOMMENDATIONS
5.1 { onclusions

he Tollowing conclusions could be made rom the research clfort

i A simple electro-mechanical deviee was conceived, designed, Tabricated and tested.
i Tests resulls showed that the device successfully Bimited the travel speed of
automohiles
i The device is simple to install and operate
L]
52 Recommendations

Fhe following points are recommended for the use and promotion of this device:
(i} The mechanical deviee should be permanently welded or fastened 10 the loor hoard of

the vehicle.
{ii) Further work should be carried out by another studeni{s) to improve the performance of

the device

&7
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7. APPENDICES

A PPE‘“{I ixl

TOYOTA

S/No Moidel Types

| 4. Runner i
2 Canny 0

1 Carina (o

14 | Celiea - &
& T | Corella 13

6 | HAce = 5

i Hi-Lux 3

R Lite-Ace 3
f Mr2 - }
10 Model-F Space Cruser |

Ti Previa 1 o
12 RAV |

[ED Starlel 3

i4 Supra S

15 TTargo = 1

16 Tercel i

(17 [ Town-Ace 2

TOTAL S8

Source: {McGeoch, and Randall, 1990)




7.2 Appendix 1

Source: (MeGeoch, and Randall, 1996)

12

rEvGrEor

BNo | Model Types ]
e Peugent |06 o 13

2 Peugeot 205 6

1 Peupeal 305 5 '
4 Pengent 306 7 -
5 Peugeot 309 22

il Peugeot 405 24

ik Peugeot 404 2

8 Peugeol 504 4 -
9 Peugeot 505 5

10 Peugeot 605 | 10
K Peugent 806 2 |
i B 3 |
13 Boxer I

4 Express 3

15 |Sporman 2 |
I | Traxle . i o

TOTAL 130 =



T3 Appendix 11

Rule of thumb for interpretime coefficient of correlation, 1

| VALUE OF ¢

o .00
0,70 - (.00
.40 - 0,70

020 - 040

INTERPRFTATION

Very hgh correlation

High comrelation

hModerate correlation

Low correlation

L -020

souree Aderoba, [495)

Slight correction

E!




