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Analytical Comparison af Autemabiles Commaeanly Used in Palestine

Abstract

This study aims Lo cutline the specifications and features that should be taken into
consideration when designing a car, ['his study focused on investigating these features
in the comtext ol the wpo=geopraphy of the roads in Hebron as a pant of Palestine. The
study methodology relicd o investigating and analvzing the automebile data
published online and reliable Palestinian statistics. Both handling and performance
cquations were applicd on the selecied designs. By applying these equations, it can he
determined which are the features for the vehicle (car) desipn thatl is more suitable to
the roads and that has the best performance, safe, fuel economy and less emission
effcet. [t was revealed that the ear which is designed o have less frontal area and less
body weight, would in tum have low total resistance. This enables the car lo have a
higher foree and better performance when moving on the reads. lis recommended that
the comparison between the different designs must be done using the wrgee of the
engine alongside the gear ratios. in order 1o decide the more efficient one for a
specified use. Also the decision of the vehicle operating cost was made only on the

fuel consumption assuming the other costs constant,

Kevwords:

Vehicle dynamics. Static margin, Fuel economy, Vehiele emissions, Emissions raie.

Emissions intensity, Car Opernting Costs, Road Loads
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Introduction

When an automebile is designed, the arrangement, choice, and tvpe of
compenents depend on various factors. The use of the uutomohile iz one factor, Some
cars arc required only lor local driving: these cars may be capable of achieving wond
fuel economy on short wips, hut they may be less comloriahle ta drive at high specds.
A sports cat, buill [or speed, will have enhanced steering and handling abilities. but
requires a stronger engine, more fuel, and a more sophisticated suspension syster.

Vet an aulomobile must also be flexible enough to perfarm in every situation
and wse,

(rher factors in the design of automobiles include the requircments for
pollution-cantral components that have been placed on the modern autamobile, Salbly
fearures are alse a faclur in the automobile's design. allecting everything from the
braking and steering systems to the materinls used o construct the bady. The desi on
ol the body must incorpurate standards of safetv, size and wei aht, aerodynamics ur

ways to reduece the friction ol airflew, and appeararice.

v The Study Objectives

This study proposes a specified standard for measuring different models of
vehicles; in order to find the most suitable model I terms of (Safety, fuel
consumplion and amount of emissicns).

The methedalogy of measuring will be by comparing those different models
frem different manufacturer taking into that these models is available in Palestine. Tn
order o lind an aceurate result in comparing there must be constant Fealures (hody
type, engine size, model class, ¢fc) for all the medels to form a reference for
measuring.,

The way of comparing depends on physical nrinciples to model propulsion
systems i the vehicle. The results of comparisen will identily the properties of the
hest model, and take these Fearures as the standards parameters for importing cars to
Palestine.

Lhe study also will use these results alongside of vehicles imernal cost as a

reference to guide and consult people when they choase their vehicles,
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¥ The Study framework

The first chapter will clarify the coneept of vehicle, and the way of puwer transfer
fram engine to the wheels (Power flaw) and fuel econamy in ceneril. The second
chapter will illustrate Vehicles emission and its Factors. Third chaprer will explain the
Fmancial part of vehicles (Intemal costs). Fourth chapter will handie the road loads
hasies and how to measure its effect on vehicle by muthemnatical relations. The [ifih
chapter will show a group of statistics about vehicles and chosen models. The sivts
chaprer will talk about vehicle safery and handling cyuationz. In the final chapler. the

study references and data sources are listed
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The Study Terminology

According to Oxford Dictionaries.com, the definition for intereal combustion
engines is: an engine that penerates motive power by the burning of gasoline. oil. ar
other fuel with air inside the engine. the hot guses produced being used 1o driva a

piston or do other work as they expand.

Emission standards; are legal requircments governing air pollutants released into
the atmosphere, Emission standards set quanutative limits on the permissible amount
of specific air pollutants that may be released from specific sources wver speeific
timeframes, They are generally desiened to achieve air guality standurds and to

pratect human health.

Emission intensity: is the average emission rote of a given pollutani from a given
source refative to the intensity of a specific setivity: for example grams of carbon
dioxide released per mega joule of energy produced, or the ratio of greenkouse £as

emissions produced (o gross domestic product (GDP),

Vehicle emissions control: is the study of reducing the marar vehiele emissions—

emissions produced by motor vehicles, especially internal combustion engines.

Fucl economy: of an aulomohile is the tuel efficicncy relationship between the

distance traveled and the amount of fael consumed by the vehicle

Cost of capital: of owning & car: is the income that the car awner could have

obtained with the monev spert on such car.

Company car tax: A tax which is pavable an a certain pereentage of the total P114d
valug (value is based on the car's list price) nf your ear. The perventage is determined

based on the emissions of the car

Carhon monoxide poisoning: A potentially fatal condition caused by inhalation
of earbon monoxide gas which competes Favorably with oxveen for binding with

hemoglobin and thos interferes with the rransporation of oxyzen and earbon dicxide

by the bload,
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Kaya identity: iz an cquation rclating factors that determing the level of human

impact on ¢limare, in the form of emissions of the preenhouse pas carbon dioxide

Flue gases: is the gas exiting to the almosphere via a flue, which is a pipe or channel
for conveving exhaust gases from a fireplace. oven, [umnace, boiler or steam
generator, Duite ofien, the flue gas refers 1o the combustion ¢xhaust zas produced al

power plants,

Instrument meteorological conditions (IMC): 15 an avigtion flight category that
teseribes wealher conditions that require pilows oy primarily by reference to
instruments, and therefore under instrument dight rules (IFR), rather than by outside
visual references under visual flight rules (VIR)carbon intensity per kilowatt,

or CIFK

Octane number (RON) A value wsed to indicate the recistance of g mictor fuel 1o
krock they are based on a scale on which ispoctane is 100 (minimal knock) and

heptane is O (bad knock) {www kluedu.sa)

Cenformity of production(COP): is & means of evidencing the ability 10 produce 2
series of products that exactly match the specification. performance and marking

requivemants outlinad in the typs approval docamentation (www. dft.gov.uk)

Euraopean emission standards define the accepinble limits for exhaust emissions of
new vehicles sold in TL member states. The emission standards are defined in a series
of European [Inion direetives staging (he progressive introduction of increasingly

stringent standards.

ISO 3833-1977: Defines terms relating to some types of road vehieles designated

according to certain design and technical characteristics (www.iso.orz)

EPA: itis anagency of the United States federal govemment whose mission is

to protect human and environmental health.

CFEIS database: Certification and Fuel Leonomy Informaten System . is a
relational database management system for processing vehicle emizsion and fuel

cconomy informalion.(www. investopedia.com)
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lorque converter; A muochanical or hydraulic device for changing rthe ralio
ol torque o specd  hetween  the inpul and outpul shafis of 1 mechanism.

Cwwwthelreedicr onary.com )

The National Highway 1rallie Safety Administration (N1TTSA) of the Department of

Transportation of' the United States government reeently promulgated rollover
resistance rarings for amtomobilas {htt p:.".f'xmﬂ.-f.::ursdfmcl.cun1.*'<.:n:;:-.-'clﬂpediafh1r}fing—u—

suafer-car)

A greenhouse  gas (somutimes abbreviated GHG) is g gas i an  atmosphere
that sbsorbs and emits radiation within the thermal infrarad renge. This process is the

fundamenial cause of the greenhouse etfect,

Brake specific fuel vonsumption (BSFC) is 4 measure of the el efficicney of any

prime mover that burns fisel and praduces rotational, or shaft. power.

T'he mean effeetive pressure is a quantily refating to the operalion of 4 reciprocating
engineand is 2 valuahle measwe of an engiNe's capacity o do work that is

independent of engine displacement.

Urban fucl  consumption is  esiablished through tests that cmulate driving

in urban environments, with an average speed of 19mph.
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Chapter 1: The Concept of Vehicle, Power Flow & Fuel

Economy

This chapter i an introductory chapter,

Avehicle (from Latin: veficulion) i a mobile muchine thar fransports penple
orearge. Most often, vehicles are manufactured, such as wagons, bicycies. motor
vehicles (motoroyeles, cars, trucks. buses), railed  vehicles (trains. tramy)watercraft
{ships. boats). aircraft and spaceerafl.

Fuel Consumption can be expressed in terms of volume of fuel o travel g
distance. or the distance iravelled per unit volume of fuel consumed. Sirce fisal
cansumption of vehicles is a significant factor in air pollution, and since importation
of motor fuel can be o large part ol a nution's forcign trade, many countries impaose

requirements for fuel economy.

Units of measurement: MPG 0 L/100 km conversion chart: blus: 118, red:
mperial gallon. Fuel economy is the relstionship between the distance traveled and

fuel eonsumed.

Fuel economy can he expressed in two ways:
v Units of fuel per fixed distance: Generally cxpressed as liters per 100
kilometers (1/100 kn), used in muost Furopean countries, Ching, South
Africa, Australin and New Zealand. British and Canadian baw allaw [or the

use of either liters per 100 kilometers or miles per imperial gallon,

v Units of distunce per fixed fuel unit: Miles per matlon (mpg) is commanly
used in the Linited States, the United Kingdom, and Canada {alongside
L/100 km}. Kilometers per liter (km/L) is more common Iy used clsewhere in
the Americas. continentel Europe, Asia. parts of Africa and Oceania. When
the mpg unit is used, it is necessary to identify the type of gallon used. as the

imperizl gallon is £.5 liters and the US gallon is 3,785 lilers. (See Figure 1.)
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r Vehicle Registrations, Fuel Consumption, and |
& Vehicle Miles of Travel as Indices
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_Figure L1: Year Vehicle Miles of Travel Maotor
Reaistrations Gallons per Vehicle

Fuel Consumption Vehicle |

Table 1.1: Conversion of Units

Miles per US gallon — L/100 km L33 Fmpg s = LG ki

| Miles per Imp. gatlon - L/100 km | 282 { mpgry, = L7100 km -
LA00 km = miles per U5 gallon 2354 (1100 km) = mpgys

L/100 km — miles per Imp. pallon | 282/ (T./100 km) = MPELy, ‘

| | ==

Acar is 2 whesled. scli-powered mator vehiele used for transportation, Most

definitions of the term specify thar cars are designed 1o run primarily on roads. to have

seating for one to eight people. to tvpically haye

four wheels, and o be construeled
principally for the transnort of people rather than goods,
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Drivetrain: The drivetrain of a motor vehicle is fhe vroup of components (hat
deliver power ta the driving wheels. This excludes the engine or metar that penerates
the power. In conirast, the powertrain is considered o include both the engine or

motor and the driveteain (See Figure 2).

| Power train

universal joint

& M0 Ensuelapmdis Erilannies, o,

Figure 1.2: Power flow in Vehicle

¥ The Drivetruin's Function: The funetion of the drivetrain is to couple the
engine that produces the power to the difving wheels that consume this
mechanical power. This connection involves physically linking the o
components. which may be at opposite ends of the vehicle and so requiring 4
tong propeller shaft or drive shall. The operating speed of the cngine and
wheelsare also different and must be matched by the correct gear ratia. As the
vehicle speed changes. the ideal engine speed must remain approximately
constant for efficient operation and so Lhis gearhox ratio must alsa he changed.

either manually, automatically or by an uutomaric continuous variation,

¥" The Drivetrain's Components: The precise components of the driveteain

vary according to the type of vehicle,
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Here are some (v pical examples:

1) Manual transmission car

v
v

Rl Meta

vl
v

Clutch

Giearbox

- Overdrive Only ravely fitica
Propeller shaft

[Rear axle with hypoid bevel gear [inal drive
3 Final drive

% DilTerential

Automatic transmission car
Torgue converter

Transmission

Propeller shatt

Rear axle

¢ linal drive

¢ DilTerential

Front-wheel drive car: Front wheel drive manual transaxle. showing the

gearbox and [inal drive incorporated in the same housing:
Cluch

Transaxle

¢ Gearbox

@ Final drive

& Dillerential
&

Drive shalts and constant-velacity joints to cach wheel
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Chapter 2: Vehicle's Emissions & the Emission Factors
This chapter illustrates the different tvpes of vehicle emissions. their sources and their

related concepts,

2.1 Vehicle Emissions

Air pallutant emission factors are representative values that altempt to ralate the
quantity of 2 pollutant released to the ambicat air with an activity assaciated with the
release of that pollutant.

These factors are usually expressed as the weight of pollutant divided by a unit
weight, volume, distance. or duration of the activity smitting the pollutant (c.g.,
silograms of particulate emitted per mega gram of coal burned). Such factors freilitale
estimation of emissions lrem various saurces of air pollution. In mast cases, these
factors are simply averages of all available data of acceptable quality. and arc
generally assumed to be representative of long-term averages,

Emission rates vary based on the speed a vehicle is traveling, VOO emission
rates typically drop as speed inereases, whereas NOX and CO emission rutes increase
at high speeds (See Figure 4), Emission rates at all speeds have heen falling over time

as newer, maore controlled vehicles enter the fleer (Sce Igure 3),

Vac (87.5° F)

{5..._—_— . e —_ —

GramsiMile
fod B L3
o B s
I 1
2o
283

10 20 30 40 50 &0
Vehicla Speed (mph)

Figure 2.1: How Speed Affects The Vehicle Emissions
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NO_(87.5° F)
10+ == e per—
] i
e 87 —
F q- : =
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= #
S
10 20 a0 4o 50 80
Vehicle Speed (mph)
10 20 30 49 50 g0
Vehicle Speed {mph)

Figure 2.2: Emissions Rates Change when the Vehicle

as the Yehicle's Cantrol is Advancing

Travel at DilTerent Specds

These curves do not represent the full range of effects associated with travel at

different speeds. Emission rates are higher during stop-and-go, congested (raflic

eonditions than at free {Tow conditions operating at the sar

v" Lvaparative emissions occur it several wavs:

1} Running Losses: The hot engine and exhaust svstem

the vehiele is running.

ne averape speed.
S e i
==

can vaporize gasoline while

Hot svak (Cooling Down): The engine remains hot for a period of time after the

vehicle is turned olf, snd gasoline evaporation continucs when the car is parked

while cooling down.

Divrnal Emissions (Emissions while Parked and

Engine is Cooling): Even

when the vehicle is purked for long perieds of time, pasoline evaporation nccurs as

the temperature rises during the day.
4)

being filled.

Relueling: Gasoline vapors escape from the vehicle's fuel tank whils the tank is
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1)

Exhaust emissions cccur during two modes:

Cold Start: Starting and driving a vehicle during the first few minutes will result
in higher emissions, becavse the emissions control equipment has not yet reached
its optimal oparating tenperature.,

Running Fxhanst Emissions: Pollutants are emitted from the vehicle’s tailpipe

during driving and idling after the vehicle is warmed up.
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2.2 1 ypes of Emissions

emissions of many air pollutants have been shown to have variety of negative

effects an public health and the natral environment {See Table 2). Nmissions that are

principal pollutarts of concern include (See Figurcs 3 and 6):

v

Hydrocarbons: A clasy of hurned or partally burned fuel.  Ilydrocarbons
are toxing. [lydrocarbons are » major contributor to smog. which can be a major
problem inurban arcas. Prolonged exposure 1o hvdrocarhbons  contribules
to asthma, liver discasc. lung  disense. and cancer, | cgulations  governing

fydrocarbons vary according W type of engine and jurisdiction.

Carbon monoxide (COp: A product of ineomplete combustion.  carbon
monoxide reduces the blood's ahilinv to CATY OXVESND overexposure [carbon
monoxide poisaning) may be fatal. Carbon Monoxide poisoning is a killer in high

concentrations,

Fif(] +3 0, = CO, + heat

NOy: Generated when nitrogen in the air reacls with oxygen at the hich
emperature and pressure inside the engine. NO, is a precursor Lo sming and acid
rain. MO, is the sum of NO and NO-. NO; is extremely reactive. NO, prochuction
is inercascd when an engine runs at its most efficient (.. hottest) purt of the
cvele.

Particulate matter: Soot or smoke made up of particles in the mi¢rometer size
range. Parliculate marter causes negative health effects. including but not limited
to respiratory discase and cancer.

Sulfur oxide (SO.): A gencral wrm for oxides of sulfiur. which are emitted from
motor vehicles burning fuel contdining sulfir. Keducing the level of fuel sulfur

reduces the level of Sulfur oxide emilted from the tailpipe.

I'Ig 3 S—#I{JS
O, +5—=50,;
2807 + Oy - 280,
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¥ Volatile organic compounds (VOCSs): Organic compounds which typically have
a hoiling point less than or equal 10 250 °C such as chloroflunracarhons (CFCs)
and  formaldehyde, Volatile  organic  compounds are a  subseetion
of Hydracarhans that are classified separately because of their dangers 1o public

heslth.

According to the degree of dangerous

Alr
Poliutants
| 1
Extremely dangerous gasous Highly dangerous gasous Moderatoly harmful gaseous

Carbon monoxide Nitrogen dioxide Nitric oxide

| Unburned hydrocarbon Suttur trioxide Sulfur dioxids

Fignre 2.3: Classification of Air Pollutants
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2.3 Emissions Control

Engine elficiency has been steadily improved with improved cnuine design.
MOFC precise ignition timing and electronic ignition. more precise fuel melering.

and compulerized engine management,

Advanees in engine and vehicle technology continually reduce the toxicity of
exhaust feaving the engine, but these alene have senerally been proved insufficient to
meel emissions poals. Therefore, technologies o detoxify the cxhaust are an essential

pait of emissions control.

v Exhaust Emission Control Methods:

1] Air Lnjection

One of the first-developed exhaust emission contral systems s secondary air
injection. Originally. this svstem was used 10 inject air into the cngine's exhaust parts
to provide oxygen so unburned and partially burned hydeocarbons in the exhauet

would linish burning.

Air injection is now used W support the catalyvtic converter's oxidation reaction,
end to reduce emissions when an engine is started from eold. Afier 2 cold start. an
engine needs an air-lucl mixture richer than what it needs at operating tempersture,
and the catalytic converter does not [unction efficiently until it has reached its own

operating temperaiure.

The air injecled upstream of the converter supports combustion in the exhaust
head pipe, which speeds catalyst warm up and reduces the amount of unburned

hvdrocarbon emitted from the wilpipe.

1) Exhaust (as Recireulation

Ttis 2 system that routes & metered amount of exhaust into the intake tract under
particular operating conditions. Exhaust neither burns nar supports combustion, o it
dilutes the air/fuel charge o reduce peak combustion charmber temperatures. This, in

turn, reduces the formation of NO..

23



Analytical Comparison of Autamobiles Commonly Used in Palestine

3) Catalytic Converter

The catalvtic converter is a devics placed in the exhaust pipe. which converts
hydrocarbons, carbun monexide. and NO, into less harmful gasss by using g
camhbination of platinum. palladium and rhadium as catalyss,

Thete are two Lypes of catalytic converter, a two-way and a three-way convarter.,
Two-way converters were common unlil the 19805, when three-wav converters

replaced them vn most automobile engines.

v¥" Estimating Emissivns:

Emission factors assume 4 linear relation hetween the inlensity of the activity
and the emission resulling from this activity:
ERussion ppiimam = Activity * Emission Factor Jicthistnt

Intensities arc also used in projecting possible fiture scenarios such as those
used in the IPCC assessments, along with projected finure chasges in populatior,
economic activity and energy technologies. The interrelations of these variables are
treated under the so-called Kaya identity.

The level of uncertainty of the resulling estimates depends signilicant!y on the

source cutegory and the pollutant, Here are some examples;

v" Carbon dioxide (C0:) emissions: They are produced from the combustion of
fuel can he estimated with a high degree of certainty regardless of how the fuel is
used as these emissions depend almost exclusively on the carbon content of the
tuel, which is generally knewn with & high degree of precision.

¥ non-CO; greenhouse gas emissions: These emissions are basically caused by
cither incomplete combustion of a small fraction of the fuel (carbon
monaxide. methane, non-methanc volatile organic compounds) or by complicated
chemical and physical processes during the combustion and in the smoke stack or
tallpipe. Examples of these arc particulates. NO, a mixture of nitrie oxide, N0
and nitragen dioxide. NO.),

v Nitrous oxide (N:0) emissions; hey are produced from serieultural soils are
highly uncertain beceuse they depend very much on both the exset condilions of

the soil, the application of fertilizers and meteorological canditions,
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2.4 Emission Intensity:

Emission intensities are used w derive estimates of air pollutant or sreenhouse
gas emissions based on the amount of [uel combusted . on industrial production
levels, distances traveled or similar activity data.

Emission intensities may also be used o compare the environmental impact of
different fuels or sctivities. The related terms emission factor and carhon intensity are
often used inlerchangeably, hut "factors” exclude agerepsie activities such as GDP
{gross domestic product). and “carbon® excludes other pollutants.

One commonly used figure is carbon intensity per kilowail, or CIPK. which is

usad o compare dillerent sources of clectrical power,

The fuel efficiency of vehicles can be expressed in more wiays (Sce Tahle 3):
¥" Fuel consumption is the amount of luel used per unit distance; for
example, liters per 100 kilometers (LA100 km), In this case, the lower the
valug, the more economical vehicle js (the less fiel i# needs Lo travel 2 cortain
distance); this is the measure penerally used across Europe (excepr the UK,
Denmark and The Netherlands) Mew Zealand. Australia and Canada. Also in

Uruguay, Paraguay. Guatensala, Coloimbia, China. and Madagascar.

¥ Fuel cconomy is the distance mavelled per unit volume of fluel used: for
example, kilometers per liter (knv/L) or miles per gallon (MPG), where 1 MPG
(imperial} = 0.354006 kmvl.. In this case, the higher the value. the more
economical a vehicle is (the more distance it can travel with a cortain volure
of fuel). This measure is popular in the LSA and the UK {mpg), but in Eurnpe.

India, Japan, Scuth Korea and Latin America the metric unil ksl is used

instead.
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2.5 Emission Standurds

The NOx and PM Law introduces emission standards for specified categories of
in-use vehicles including commereial gonds (earan) vehicles suck as trucks and vans.
ouses, und special purpose motor vehicles, irrespective of the fucl type, The regulation

also applies to diesel powered passenger cars (bul not to gasoline cars).

In-use wvehicles in the specified categorics muost meet (99798 emission
standards [or the respective new vehicle tvpe (in the case of heavy duty engines (NOx
= 4.5 gkWh. PM = 0.23 gkWh). In other wards, the 1997/98 new vehicle standards

are retroactively applied to plder vehicles already on the road.

Vehiele owners have two methods to eomply:
1) Replace old vehicles with néwer, cleaner models

2) Retrolit old vehicles with appraved NOx and PM control devices

Vehicles have a grace period, berween 8 and 12 wvears from the initial
registration, o comply, The grace perind depends on the vehicle type, us follows:
v" Light commercial vehicles (GVW <2300 ka): 8 years
Heavy commercial vehicles (GVW = 2500 ke): 9 years
Miere buses (11-29 seats): 10 years
Larze buses = 30 seats)y: 12 vears

Special vehicles (based on a cargo truck or bush |0 vears

LN NS K

Digael passenger cars: 9 vears

v Stages und Lepal Framework for Emissions

The stages are typically relerred o as Euro 1, Ture 2, Euro 3. Euro 4. Euro §

and Furo 6 for Light Doty Vehicle standards (See Figure 7 in the next page).

26
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NOx and P emission standards for petrol cing

20 o1 nz O 04 LA 05 idg 03 L5
HIly fglkm]

NOx and PM emisslon standards for fliescl cars

0 04 02 03 a4 ns oE ar 0E s
NOx {gikm)

Ijgure 2.4: Stages and Legul Framework for Emissions
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2.6 Greenhouse gas seore
EPA’s greenhouse gas score reflects the amount of greenhouse pases a vehicle

will produce over its lifetime, based on Lyvpical consumer usage. The searing is from 0
to 10, where [ represents the lowest amount of greenhouse gases. The Greenhouse
gus score is determined from the vehicle&#39:s estimated fuel economy and its fuel
type. The lower the fusl economy, the more preenhouse gas is emitted as a by-
product of combustion. The amount of carbon dioxide emitted per liter or pallon
burncd varies by fuel type. since cach tyvpe of fue! conlains a different amount of
carbon per gallon or liter.

I'he ralings refizcr carhon dioxide (CO2), nitrous  oxide (W20) and methane (CH4)
emissions, weighted to reflecr cach pas&#39: relative contribution to the preenhouse

effect.
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Chapter 3: The Vehicle's Internal Costs

This chapter describes the vehicle's internal and operating costs.

3.1 Vehiele Costs

The vehicle costs are divided into fixed costs. which are unaffected by mileage.
and variable ensts. which increase with milcage. These indicate the savings from
transportation improvements that allow consumers to reduce thelr vehicle ownership

and yse.

3.2 Definitions and Perspectives

Vehicle Costs include direct user expenses to own and use private vehicles (plus
ineremental casts for mobility substitotes such as telework)., These indicare the
savings that result from reduced vehicle ownershi p and use.

Vehicle costs can be messured in various ways, including per vehicle-mile,
passenger-mile. vehicle-year, household-year, producing different results. These can
he divided inlo fixed {also called ownership or time-based. which are unaffected by
the amount a vehicle is driven) and variable (alsty called operating, margzinal or

meremental, which inerease with vehicle mileage)

¥ Fixed custs are those enes which do not depend an the distance travelled by the
vehicle and which the awner must pay fo keep the vehicle ready for use on the
road, like: insurance or read Laxes (See Tablc 5).

¥" Variable or running costs are those which depend on the use of the car,

like fucl or tolls [See Table 5).

Table 3.1: Examples of Variable Costs & Fixed Costs

| Variable Costs Fixed Costs
- Maintenance and repair - Vehicle purchnase or loase
= Fuel. fue! taxes and oil - Insurance
- Paid parking and tolls - Registration and vehicle taxes
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Compared (v other popular modes of Passenger ransportation, especially huses

or trains, the car has a relatively high cost per passenger-distance (ravelled.

For the average cer owner. depreciation constitutes abayt half the cost of
running a car. Nevertheless the typical motorist underestimates this fixed cost bv hig

margin, or @ven ignores it altosether.

v" Depreciation

The yearly deprecintion of a car is the amount of 2 financial quantity. the car
value decreascs every year (Sce Figure 9 helaw). Narmally this value is correlated
wilh the price & ¢ertain car las on the market, a car has depreciation around 5% to

20% per vear.

Lerew, 523,523

F Lo A ey e ey E e Tl ks
e 1 s o 8 e g T

Figure 3.1: Used Vehicle Acenrding to Year of Production
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¥ Car tuxes

Car taxcs, road laxes. vehicle raxes or Vehicle Fagise Duty are the amount of

money car owners pay to the state or to certain regional gavemment within a coumtry,
normally yearly. te allow the car to circulate within that region or state.

These taxes serve either to maintain the roads and all the corvespondent
infrastructures or 1o compensate the negative caused by the motar vehicles,

These faxes normally depend on:
1) CO2 cmissions
2) The engine displacemenrt of the vehicle motor

3) The vebiicle weight or on some pereentane of the car value,

v Insurance

The Insurance serves to provide financial protection apainst physical damage
and/or bodily injury resulting from traffic collisions and against liability that could
also arise there-from. The prices may largely vary depending on the coveruge levels.

Fvery country has specified regularions for vehicle inserance. here are the
regulations in Palestine that prevent vehiclc's insurance (based on information
obtained from Al-Mashrey Insurance Ca.):

1) A change in vehicles body or chassis or its data without informing the
Vehicles Licensing Department.
2) The existence of malfunction er damage in bodv or chassis of the vehicle.

3)  Nen-conformily (VIN) on vehicle license ar any other features,

Insurance types include (See Table &)

1) Total mandatory insurance, ) AL A
’ :’—} Depends an enjzine size
2) Third party insurance.

3) Comprehensive msuranca. -

= Depends on vehicle's price

4} Third party + Comprehensive insurence
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| Table 3.2: Insurance Prices lor Privated& Dual-Use Yehicles According to Engine Size
| Total ' =
) . Third Party  Third Party + Total
Engine Size (CC) Mandatory
Tnsurance (NTS) Mandatory
Insurance

Until 1000 orless | 703 230 935

Between 1001-1500 | 803 230 1035

Between 1501-2000 | 1055 285 | 1340

More than 2000 1405 283 1650

v Inspection

Vehicle inspection iz a procedure muandaled by mnalional or subnalional
governments in many countries, in which @ vehicle is mspected (o ensure that it
conforms to regulations governing safetv. emissions. or both. Normally, thesc

inspections are made annually and the price varies depending on the region.

¥" Car finance

The subject of car finance comprises the dilferent fnancial products which
allow someone (o acguire a car with any arrangement other than a single lunip
nRayment.

When psed. and for the purpose of assessing the private financiel costs, one
must cansider only the interests paid by the car owner. as seme part of the amount the

awner pays each month for the finance is already embedded in the depraciations costs.

¥ Cost of Capital

The cost of capital. applied to a purchase of a car, is the emount of money the

gar nwner could have obtained, il they, instead of buying the car. applied that amount
of money to ather worthy investment,

The cost of capital is the rate ol return that capital could be expected o earn in
an alternative investment of eguivalent risk, Considering by default the car has
depreciation. and that such depreciation is already considered at a certain cost item.

One example could bz a common standard inferest rate in a deposit account,
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However, many molorists need their vehicles w get o their place of
employment. Consequently the opportunity cest might not be worth considering, only

in the case that no alternalive transpertation is possiblc.

4.3 Runnoing costs

v Fuel

The fuel costs depend basically on four factors:
1) The distance travelled by the car

2y The price paid for the fuel

3) Theenergy cliciency of the car

4) The type of driving.

In Westerm countries. this cosl normally is the second highest alter depreciation.

v Maintenance

The maintenance of a car can have the purpose 1o be & long term ar shart term
maintenance. This cost might be very imegular and somewhat unpredictable but tends
to ingrease with the age of the car. On this item are included car parts thar need to be
replaced after a cerlain period ol time (for example every two vears) or with a specific

number of travelled silometers or miles, like tires ar filters.

¥ Repairs and Improvements

Repairs costs are completely unpredictable becanse they depend on the number
and severity of car collisions. like dents repairing for example. These custs alsn refer
ta spare parts substitulion due o malfunctioning.

On this cost item, it might be included also the pans bought to improve the

performance ar the acsthetic of the vehicle.
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v Parking

The cosis of parking include all the money the user needs to pay o park their
car. This applies normally to car parking luls, like in offices. public buildings.
shopping centers or in the downtown but also on the public space (normally in the

inner part of some city) using parking meters,

This cost might be relatively predictable, if the user for example has a monthly

cantract with some parking ot company, or il they rent a private parkine SpACe.
v" Fines

A lraffie fine or traffic Licket is a rotice issued by o law enforcement officia! to
4 motorist accusing violation ol traffic laws. Traffic tickels generally come in two
forms, citing moving viclation, such as excaeding the speed limit, or a Nen-moOving
violation, such as a parking violation.

These tickets almost alwayvs imply the payment of a certain guantity of meney.

This ¢ost might be completely unpredictable. bur one way for the usel [ assess i, s
o p 3 P )

to caleulate per year the total money spent in fines, in the lasl faw years,
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Chapter 4: Gasoline Spark Ignited Internal Combustion

Lngine
This chapler specily the internal combustion engine, and the equation used in this
study that's depend on its specification .(the values and caleulatinns will he lisied in the

lnst chapter)

4.1 Traditional internal combustion engine

The internal combustion engines (ICT) converls chemical into mechanical
encrey. This combustion process, as well as the losses inherent to it is a critical
element to the modeling of vehicles. The Formalise i deseribed well in Ross (1997);
which will be briefly reviewcd here The basis for the engine model lies in the linear

relationship between brake power and fuel cons umptian.

I'he mean clfective pressure is o good parameter o compare engines [or design
or output because it is independent of engine size andfor speed. In order to use powar
1 comparicon, the value of piston  speed  become VETY  Impartant.
(Willard W.Pulkrabek.2005),

The mer can be caleulated by:

v" LEguation 1:
mep = n W/ V4N

Where:
- numher ol revelutions per evele
W- engine power

V- displacement volume

N-engine rpm
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v" Equation 2;
For an engine with Ne cylinders:

Va=N.(m/4) Bi§
Whers:
B = Cylinder bore
N =gstroke

M¢ =number of engine cylinder

The pistan speedl can be fund by equarien 3.

v Equation 3:
E‘. = 285N
W = (mep)a,J,/4

Where:

J-‘lr_.'. Pistons arca

Up: Average pistons speed

5: enpine stroke

It is clear that the overall efficiency increases with the load (omitting wide-cpen
throttle and fuel enrichment) while the indicated thermal efficiency (inverse slope)

remains constunt at roughly 40%, Thus, it can be used in the comparison.
: P

The product of the indicated and mechanical efliciency is the overall engine
clficiency. Thus. the mechanical efficiency is dependent on load and engine gpeed,

and the most efficient sperating points are those with low engine speed and high load,
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To caleulate a linal overall vehicle {or “pump-lo-wheel™ elliviency. it is also
necassary W (zetor in transmissions and final drive losses. Accessories can aiso play a
minor rolé. In general. the overall ellicieney of the vehiele s delined as the amount of

fuel energy cenverled Lo uselul work (See Equation 10 below):

v Equation 4:

Effici EpnergyOnr FPbltractivewark
cieney = . -

Energvin B fueleonsumed * LHV

4.2 Advanced Internal Combustion Engine (ICE

i1

In this study, “advanced” techaolopy iz definad as a vehicle (or component) that
is improved over those in most vehicles currently. Advanced ICE vehicles might
cmploy onc or more nonstandard engine or driveling technologics with superior
thermal, andfor driveline efficiencies, which lead to hetter fuel ceonomy and
performance. Examples include: lean-bum gasoline engines, variable displacement,

dircet injection zasaling, and continuously variable transmission (CVT).

By this technology a new stage of engine desien is reached , which is o smaller
engine size with a higher performanee (higher power |, this trend in the automabile
manufacturing  is observed fromy the data that has been cellected shout the new

models of the chosen designs.

Naote: the comparison between te desicns will also take into consideration the

e fodels,
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Figure (13} below shows generic peak torque and power curves lor a 2.0 liter
gasoline cngine based on the bmep curves in Weiss 2t al. (2000). The curves can be
scaled to different engine sizes using standard torque/bmep relationships in Sandoval
and Heywood (20007,

The equation of the hmen;
¥ Equation 5:

Where:
bmep = w, /Av
W= the brake work

Av-displacement volume

250 ¢ T 120
200 £ g 100
i s T ' s 1 a0
2150 + . ' 4 g
4 z | 1603
£100 + - - : o
5 . - + torque (N-m) i 40
0 T 1 8 power (kW) T 20
{'_‘} . TR L B | § e A I L1 |-‘ D
0 1000 2000 SD%DMJIDED a000 8000 7000
1400 2 Bref
1200 — t
E b bl T * -
!l
?1mﬂ : +—* ~
o 200 -+ & +
E- o
£ 560 ¢
® 400 £ : : —
00 & 1= | |.hmap|
D k b by L gl i A il e T TS - b b-n.
0 1000 Zoea 3000 4000 4060 &000 7000
rpm

Figure 4.1: Engine Peak Torque and Power for a "Generie! 2.0L Gasoline Engine
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4.4 Transmissions and Gear ratios

Another element required to caleulate fotal vehicle elliciency is transmission
and final drive efficiency. All vehicle power plants must conneet w the wheels via a
transinission. Somctimes this is as simple as a single gear reduciion (as in some [uei
cell and eleerric vehicles).

The transmission efficiency was laken as the average valuc ol the experimental
values of the efficiency at a different engineé specd for front wheel drive vehicle .

which is (1.86), { A, IRIMESCU= , 20110

When comparing berween the values of gedr ratios it is important to specify the

higher value(blue color) and the smaller ane(yellow colar), The higher the value of

| the gear ratio the higher the torque transferred but with law velociry. Which means
that in designing & vehicle the usc ol it must be known (igher speed or torque). (the

values of gear ratios is taken from car-data.com)

The follawing table shows the vear raties of the chasen desisms :

Tuble 4.1 Crear ratio Kia Rin Fint Peugeot | Skoda | Polo
2008 punto 207 fubia | 2008
Dynamic | 2008 | 2008
2008

150 geay .62 3.91 346 3455 | 3146

2nd gear 2405 2.16 |.89Y 1958 2.1
3rd gear 1.37 1.48 EES 1281 | 139

4th gear 1.03 112 | 032 0827 | 1.03

Sth gear (.84 0.92 0.66 0.74 51
final driver ratia .06 4.07 3.59 3611 | 3.88
Table 42 Gear ratio Kia Rio | Fiat | Peugeot | Skoda Polo
2015 punic | 208 lahia 2015

street | 2015 2015
2015

Ist gear 355 3.0 Jud2 362 377
2nd pear 1.9 2.16 1.81 1,95 1.96
Jrd gear .19 148 | L21s 1.28 1.2%
4th gear 0,91 1.12 .98 (.93 0.93
th gear 072 [ 092 0:77 (.74 0,74
final driver ratio 4.5 | 4.07 454 3.93 3.63
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Chapter §: Selected Vehicle Designs & Their Specifications

This chapler shows the chusen vehicle designs and the specifications for each design

along with the reasons for selecting these designs.

v
1)
2)
3
4]

2)

v
g

3

The five designs ure from the same cluss und share some features:
I'roduction date 2008.

Body type is hatehback.

Engine sice 1.4, Peltrol {gasoline).

Subcompact class (ecenomical featurel.

Fronl wheel drive. and manual {ransmission

Why these models were chosen for the study:

Because of high rates of unemplovment in Palstine, people can'l alford 42 buy
and eperate any vehicle,

Vehieles of a production year between (2005-2613) forms the highest number of
total vehicles number (See Figure 17).

In year 2013, the tax on importing cars from outside the country was raised form

b3

3% 1o T35

It was found that the total Namber of vebicles in west bank is 162,512 at the end

of vear 2074, Figures (16, 17 & 18) show some stalistics of vehicles in Palestine

[Source: Ministry of Transportation — Ramallah].

Tnekicammercial
18.4%

Cthers
25%

Traciar
D4%

Private
T4.9%

Fignre 5.1: Distribution of Vehicles in the West Bank

According to the Vehicle Tvpe
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Vehities befor year(2005) .
40.6% :

Vehicles after yaari2014}
31%

Vahicles batwesn
yoars [2005-2013)
58.1%

i*"ir.mre «2: Distribution of Vehicles in the West Bunk depending on

the Year of Production

Undetarmind

fl' 0.8%

1

Gasoline
51.8% |

Diess|
47 4%

Figure 5.3: Distribution of Vehicles in the West Bank depending on
the Fuel Type

The features for every desiyn ave given hereafier.
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v

Yehicle Cutepories

Vehicle eateguries arc defined according 1o the following elassification:

1)

2)

3)

4)

Category M: Motor vehicles with ot least four wheels designed and constructed

for the carriage of passengers ( DASSEnEer cars):

- Catepory MI: Vehicles desiened and constructed fur the camriage of

passengers and comprisine no more than gight scals in addition to the drivers

ST,

- Category M2: Vehicles designed and constructed for the carringe of

passengers, comprising more than eight seats in addition 10 the driver's seat,

and having a maximuom nyass not exceading 5 rones.

= Category M3: Vihicles designed and constructed for the carrfage of

passengers. comprising more than eight seate in addivian w the driver's seaw

and having a maximum mass cxeeeding 5 lonss,

Category N: Maotor vehicles with at least four wheels designed and constructed

for the carriage of goods.

Category O: Trailers {including semi-trailers).

Off-road vehicles (symbol i),

'Special purpose vehiele" which eans - vehicle of caegory M. N or O for

CONVEVING passengers or conds and [or performing a special functien for which

special bady arrangements and/or Cyuipment arc necessarv,
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Chapter 6: The Vehicle Handling

This chapter will talk shout vehicle dynamics, salety and handling equations.
P £eg

When choosing the vehicles w follow histarically, oflen many different
versions appeared so the necessity to prove that different versions would not influcnes
A great deal. The versions. mainly, differ in the fuel svstem, fuel control. number of
valves by eylinder and the lubrication system. OF course, that the vehicles of differen
versions can have other distinet features, bul the omes more common are the ones

referred.

6.1 Lon

The external longitudinal forces acting on the vehicle include aerndynamic

tudinal Yehicle Thvnamics

drag forces, gravitational forces, langitudinal tire forces and rolling resistance forees

{See Figurs 19, These forces are described in details in hereaficr.

Figure 6.1: Longitudinal Forces Acting on Vehicle Moving on An Inclined Road




e
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A foree balance along the vehicle langitudinal axis vizlds:

aero

mx=F,+F ~F —R ;- R, —mgsin(6) l

Where:
Fyp is the longitudinal tire force at the froal tires
Fyr is the longitudinal tire faree atl the rear tires
Foerois the equivalent langitudinal azradvnamic drag force
Ry¢is the foree due to rolling resisiance af the front tires
Ris the force due to rolling resistance at Lhe rear tires

m 15 the mass of the vehicle

g is the acceleration due to gravity

U'is the angle of inclination of the road an which the vehicle is traveling
The angle 0 is defined to be positive clockwise when the longitudinal direction
of molion x is towards the left .It is delined to be positive counter ¢lockwise when the

lengitudinal direction of motion % is towards the right.

6.2 Aerodynamic drug force

The equivalent acrodynamic drg force on 2 vehicle can be represented us:

L 1 PCeAr (Vo 4+ V)

0 ;  ; W

Where! |

;15 the mass density of air

Cq @15 the aerndynamic drag cosflicient

Ag @ is the frontal area of the vehicle which is the projected area of the vehicle in the
direction of travel
Vy =¥ 2 is the longitudinal vehicle velocity |

Viemnd © is the wind velocity (positive for a headwind and negative for a tailwingd) |

IF&
[ &=

i }""'r'_-:o"i' i el

A SRR ]

e ————

| |. o
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Atmespheric conditions affect air density p and hence can significantly affect
acrodynamic drag, The commonly used standard set of conditions to which all
aerodymamic Lesl duta are referred fo are 4 temperature of 15 C¥ and a barcmetric
pressure of 101.32 KPa (Wang, 2001). The corresponding mass density of air p may

he taken as 1.225 kp /m°,

» Thefrontal arca 1: Tound from:

Ar= (H-GC)*W=0.53
Where:
- H iy the vehicle height
- GCis the ground ¢learance
= Wisthe wadth,

o The longitudinal vehicle veloeity can be caleulated [rom engine

speed:

_(engine rpm = m « tyre diameter )
~ (gear ratio ~ wheel axle ratio)

The value of vehicle speed depend an the values of the gear ratios, and so the
eomparison between the vehicles will be by the values of gear ratios, In order o el
an accurate values an assumption must be made which is the enging specd is assumed
to be at (3000 rpm). this assumption was made based on the place where the vehicle
will be used which is the urban arca and the average values of engine speed is ut this

rale.
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6.3 Longitudinul tire foree

The longitudimal tire forces Fop and F,, are friction lurces from the ground that
act on the tires. This force can also be considered as the tractive effort of the vehicle
at the tires. bul in order to caleelate it the transmission efficiency and  reduction
values must be taken into consideration{this squation taken from Engineering Toolbox.com],

hence:

TE=(EtxyxNgxNa)/'R

Whcre:

TE-tractive effort

LCi-Engine torgue in Nm

[[-Overall efficiency of power Lain
Ng-Transmission rativ

Ma-Driving axle ratio

B-Tire rolling radius

In order to caleulate tractive force . the value of tire circumferenee becomes very

important:

RC=2xT]xSLR
SIR=096xR

Where:
ol R-static loaded radius for the wheel
R - tire outer radius

(RCY- Tire molling cireomTerence

When the tire is [ilted with the vehicle {and londed) it makes a Nal contact with
ground and thus its outer radius got reduced and that's why (R) is multiplied by 0.96,
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The vertieal foree on a tire is called the tre normal lgad. The normal load on a
tire comes from a portion of the weight of the vehicle and is influenced hy fore-aft
locatian of the c.g., vehicle longiludinal aceeleration. aerodynamic drag forces and

arade of the road.

The following tables shows the CG leealion

Table 6.1 |

G location Kiu Rio Fiat punto Peugeot 207 | Skodafabia | Pole |
. 2008 | Dynamic 2008 2008 . 2008 2008
~ Wheelbase(mm) 2500 2460 = 2470
fom front wheels | 1359375 | 490,76 | 368.91 i 139645 I 1309.99
(L) . S| | !
from rear wheels | 1140625 | 059,24 | 971.085 1065.55 | 1097.01
(L) 1= e P W N oW =N = I
Total weight(kg) 16400 1620 | 1640 1622 1650
Frontweight(Fyr) | 870  98l72 | 1013 420 BB
Rear weight(Fz.) 890 63828 627 B840 752
. Tuble 6.2
G location | Kia Rio | Fiat punto street | Peugeot 208 | Skoda fabia | Polo :
2015 2015 2015 2015 2015
Wheelbase(mm) | 3570 | 3510 | 28 [ 2w | aam
from front wheels (L) ]33'5“.!_‘]1 : 143213 1568484 | 1335.55 1344 .43
fomrearwheels (Ir) | 118038 | 107787 | 469516 113445 112557
~ Toral weight(kg) (i 1665 1670 [ Gl 1580
Frontweight(Fyy) | 870 | 950 wszgs | 80 T8 ]
 Rearweight(tzr) | 780 850 637.94 ' 780 | 70 |
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h.d Rolline Resistanee

Due to the internal damping of the tire material, the eneray spent in delorming
the tire malerial is not completely recovered when the material renurns to its original
shape. This loss of enargy can be represented hy a foree en the tires called the rolling
resistance that acts Lo oppese the motion of the vehicle.

The rolling resistance equation:

R.‘;f 3 ‘R.tr i Jf(‘F::_.I"‘ * F:r)

Where £ is the rolling resistance coeflicient. which have value that varies in
the range 0.01 to 0.04. A value of (L0135 is typical for passcnuer cars with radial tives

(Wong. 2001).

6.5 Grade resistance

The gravitational force ucting on the vehicle :

R, =Wsin@,
Where:
R~ the grade resistance
W= the weight of vehicle

6 — the inclination angle of the track
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6.0 Louzitudinal acceleration

- Change in Velocity dv

1ime taken T dt

a =

¥ Caleulation of nurmal tire forces

In addition o the total weight ol the vehicle, the normal Ioad on the tirss je
influenced hy:
a) Fore-aft location of the center of gravity (c.q)
b} Iongitudinal acceleration of the vehicle
¢} aerodynamic drag forces on the vehicle

d) grade (inclination) nf the road

The normal [orce distribution on the tires can be determined by assuming that
the nel pilch torque on the vehicle is zero. In other words, the pitch angle of the

vehicle is assumed to have reached o steady stale value,

Deling the following variables:

h the keight of the c.p. ol the vehicle

Rares the height of the location at which the equivalent zerodynamic foree acts.

14

" the lengitudinal distance of the front axle from the c.p. of the vehicle.

“ T the longitudinal distance of the rear axle from the c.g. ol the vehicle,

raer the effective radius ol the tires,
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Figure 6.2: Caleulativns of normal tire loads |

Tuking moments about the contact point of the rear tire in Figure .

(F_:,-(’." r 0+ Fosiallae +mith + mghsin(#) - mgl . cos(@) =10 '

Solving for F,, viclds

=
F = Focroloero — m¥h —mghsin(@) + mg?! . cos(8)
= I

5 "J-‘.,f‘-l-[(lr

Taking moments ahout the contaet point of the Tront tire

FoCl =+ 0) = FproMyere — mih — mghsin(@) — me! 1 cos(d) =
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Solving tor 5. viclds

F . h. +mxh+mghsin(@)+mgl ; cos(€))

qaero” daen

B =

;j'h +f?.

This lorm can be usad in finding the height of the vehicle CGat a specified speed and

location, hence:

2 mglrcos(8) — Farp Nerg — Fzr L
g ma + mgsin(8)

By linding the value of (h) the rollover ability can be found and o vsing it in the

comparisen. [able 8.3 shows the values of the cg height:

Table 6.3n

2008 2008 2008 2008

Kia Rio Fiatl punto Dynamic | Pengeot 207 | Skoda fubix | Polo Z008

0.27

©G heightien) 029 | 0.26 023 | 0267
Table 6.3b

Fiat punto streel | Peugeot | Skoda fabia
2015 208 2015 2015

Cirheighting) | 0.32 | e - .22
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——————_———_——_—___—__—________ e

6.6 Rolloyay Dynimies

The primary dynamics that are of CONCemm are those associate with the vaw
nd roll motions, Pitch dymamics (Which cause Inngituding) Welght transler) are

negicered sinee longituding| accelerations wang kept smal| (See Figure 23,

——

f Figure E.J:_-‘Feh_i_e_i'e?xis S¥stem . }

_—__—___—___________________________________

A parameter talled the Starje Stability Faclor (58F) 7s assigned 10 @ach
vehicle, It is defined s one-half the track widih divided by (he height of the center of
gravity (See Fioyre 24).

A way t look at SSE s "squal 1o the luters aceeleration in £'s at whick
rollover begins iy the most simplified rollnyver analvsis of g vehicle represented by a

rigid body withow SUSPERSIoN mavement or ipe deflections”,

r___'__—_'___'___—__ _'__'__'___'__'_"I

f . w—lJ J
Figure 6.4; ( cﬁﬁmﬁnﬂ'ﬁfﬁ shown ai critical !ﬁcmaﬁrmriﬂ

_—._—.__._____—__—._____—._—-_—-__.__—.__,
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Fhis dizgram shows the lateral scceleration vector a4 to the right and the
aravity acecleration vevler g downward, The vehicle will just start rotating about the

i

pivel point at the right tire when:

| SSF = tan@ = : =t -l
Where:

fy= lataral force

-
:b-_l-'

Fq = downward force

Therefore: (= gev SSF

One needs SSF to be as large as possible to make the laleral acceleration

zquired to cause a rollover to be large. (See Ficure 25.). after tinding we can [ind the

velotity af roll over hy:

v=asr

Where r is the radius of the circular path.

Star Rating Intervals - Summary (Linear) Approach

'E}f P

5% ———— —

Prabability of Rollover per Single Vehlcle Crash

By : = — ; .
{1 405 41 115 .2 125 13 135 14 145 15 155 16
Static Stabilty Factor

Figure 6.5: Rating of vehicles safety according ta SSF by stars

HJF'
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Table(6.4) shows the rollowver veloeity of the chosen designs:
l_Tﬂhlf b4 |
1 Rollover
SSF CG keighr Acceleralinn Velogity (mis) ViKm/h)

Poio 2008 267 205 26,167 i%.28 137.81
Polo 2015 291 2502 28,545 30,08 143.94
Skoda fabia 2008 2.69 2673 26,353 3842 138.3
Skoda fabia 2015 135 217 3RS 4290 154,44
Peugeot 207 2008 3.24 22T 31.76R 4218 151.84
Fougeot 208 2015 311 2.4] 30:542 41.36 148,88
L punte dynamic 2008 2.67 2.61 26.168 382K 157,81
{punte strect 2015 232 3.165 28778 35.72 [28.58
Kia Rio 2007 2.55 1.R6 25.020 3744 134,78
Kia Rio 20135 2.39 33 23.504 36.28 130.61

(Table ) shaws a various curve and tae allowed spead on each one.( T

were taken using AutoCAD s feware and the GI8 photo and ¢ivil 30,

The caleulation of the velocity was done on an aclual value of R (radius of e

[he allowed velocity on the curve is caley lated for the clevation -

"v'l..'.] .

18 radios values

. 7
e+t =
127R
Whers ; V=,/127R = (e+f)
e— Elevation
f—8ide trietion
R~ radios ef eurvature
V- velneity
' Tahle 6.5
Radius of curve ¥*2{m/s) ‘r"“E{Kmfhj V(Km/h)
a6 895,68 2584448 SO.87
47 835.64 008,375 54,85
52.9 940,567 3386.0232 S8.14
15.5 273.59 Gu2 124 3150
3.7 360626 202905386 45.05
21 373.38 1344108 30,660
IS 320,04 1152.144

33.94
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Ihis tahle shows the relationshin belween the velocity and the radius of the

corner , the higger the rmdivs the higher the velocity thal can be achievad without any

risk 1o Rollover. The biggest value of the calculated radius of curve will be taken ino

the calculations of the SST and so the tendency lo Rallaver.

The value of side friclion was taken from the experimental valucs

found by

AASHTO for various values of speeds, and the value used in this equation (f — 0.14 @

&0 km/h). For the vlevation value it was assumed 4%,

There are a broad range of metrics (hat dencte the relative capabilities of
L p

various vehicles. Most of them apply to all vehicles while others are tvpe-specilic (Sea

Tahle 10).

Table 6,6: Metries that denote the relative capahilitics of various vehicles

Measurement American unil Metric unit Affects

aceeleration

€10 100 0 0 mph secends seconds _
i braking
T ! | B~ cLonomiics,
Crrag coclTicient i ratio) (ratig) |
top specd, range
. 100 km and _
Fucl economy mpz . SCONMIMICE, range
kml,
Maximum g-lorce!s) B or ft's gurm/st atcelcration
Pawer hp | kW aceeleration
Power-to-weight ratic | kpdlh, Wikg peceleration
Raoll center inchas mm handling

Creneral
preference

lower is betror

leswver iz hetlor

oreater §: batar
{mpa and
kmvl), lewer is
beller

FEA00 k)

figher is usually
better

higher iz bertay

higheris better

Too frgny

varighles to
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| Tahle 6.6; Metries that denote the 1

| Meaxsarement

Top speed

Wedght

American unit | Melric uni

i

"elative capabilities of various vehiclos

Aflerts

Maximume rate of

| straight line travel

aceeleration. braking
distance, fraction,
fuel  coneumption,

iIre wear

handiing,

carying loads

General
prefercnee

sLATE & peneral

Pisicrence,

higher is beder
lower is hemer
for vehicle
petfarmimes
and laeation;
farper i usually
Betler fir

viehicles

close o S6:=50

accelsration, fraction {%tFroni:%ikear)
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Chapter 7: Calculations

This chapter shows the calculations of this study and the results abtain from this

study, The previous equations were used taken inlo consideration the (old and new

muodels) [ blue color means the highest value, red color is the lawest]

% First the Mean effcctive pressure:

The values of the mean cilective pressure describes the cngine oulput pressure

reaching the vehicle transmission. which means the higher the pressore the more

power reaching the wheel the better performance,

Table 7.1: Stroke engine for the old models {2008)

Stroke engine | KiaRio 2008 | Fiat punto | Peugeot207 | Skoda Fabia | Polo 2008
(1.4) dynamic 2008 2008 2008
- brake mean 1122.8 [086.4 1223.4 P193.4 11381
effective pressure :
Tuorgue(T) 1Z6Nm@4700 PISNm @ | [36Nm@@4000 | 175Nmz 140 I32Nm3
S0 0-4000 B0
126 113 136 173 132
 displacement | 399 368 1.361 1.39 39
volume
Brake werk 1570.36 1443185 1664.687 1658.75 1583.28
Clutput per 1122.8 1056.4 1223 4 11934 1139, ]
displacemeant =
Specific volume 1.00089 0.00095 000082 000084 000088
ol revolutions 2.00 2.00 2.00 2.00 200
per eyvcle
Struke (m] 0.781] 0.84 037 0.756 0.756
Average piston 93.72 100.8 924 90).72 .72 |
speed
Bore (m) 0.755 0,72 0.73 0,763 (0.765
Mistons arca {m} 448 0207 1.442 (40 .46
Power (kw) 71 57 70 a3 54
mean effeclive 06772 .5558 0.6863 0,605 0614
_ pressure(MPa) |
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Table 7.2: Stroke engine for new models (2015)

Stroke engine | Kia Rio 2015 | Fiatpunto | Peugeot 208 | Skoda Fabia | Polo 2015
(1.2) strcet 20015 2015 2015
brake mean 2184 | 1132 1236.7 18372 1679.7
clTeetive pressure = ; .
lorquei 1) [2INm@A000 | [02Nm@3000 | 118Nm@2750 | [22Nm@3800 | 160Nm@ 3500
121 (02 118 132 160
| displacement 1.24 1.242 1.599 1.197 1197
volume
Rrake work 152049 1282.25 1977.82 2194961 2011.04
Outpul per 12184 1032 | 12367 1837.2 1679.7
tisplacement
Spacific volume n.o0u82 0000897 (.0008 (000544 O.0005895
# of revolutions 2.00 2000 2.00 2.00 2.00
per cycle
Stroke (m) (.788 1.789 0.905 0.76 0.76
Averaze piston 94.56 94.68 108.6 90.72 a0.72
speed
Bore (m) 0.71 0,708 0.75 07 (.71
Pistons arca (im) 0.396 00.193 (0.442 0.39 .39
- Power (kw) G2 51 60 81 66
mean ellcetive 0.6628 0.5476 509 b.2025 (L7335
pressurc{ MPa)

As seen in the tables the values of'the (mep) for the same models (hody type. name) in

the 2008 differs fiom the new madels 2015, Comparing the values of the (mep), its

abserved that the mean effective pressure value depend only on the value of the brake

mean effective pressure, hence the values of engine (torque, eylinder dimension) isn't

the right values for engine comparison. Althourh the engine co is different between

the old modelsi |1 £) and the new models (1.2) but the (mep) values almost the same or

higher. so the engine e¢ will not have a rale in the comparison,
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% Sceond ire dimension:

Table 7.3: Tire Dimension for

new and old models

Tire DMimension Kia Rin Fiat punto Dynamic | Peugeot 207 | Skoda fabia | Pole 2008
(mm) 2008 2008 2008 2008
Tire type 17570 R4 75165 R1S 183/65 RIS 165/60 R14 | 185/601R115
Width of tire 175 175 185 S 185
aspect ratio 70 635 6l 60 &0
Depth of the tire 1225 1375 111 Gy 111
Rim outer radivs 1778 1905 1945 177.8 1605
Outer wheel radius 300.3 304.25 3015 276.8 1.5
Tire Dimension Kia Rio | Fiat punto street | Peugeot 208 | Skoda fabia | Polo 2015
(mm} 215 2015 2015 2015
Tire type IS5/65R15 | 185/65 RIS I85/65 RIS | 18560 R15 | (85760
R13
Width of tire 1BS 185 | &S 185 183
aspect ratio 65 65 05 6L 6l
Depth of the tire 120.25 120.25 120.25 1 1]
Rim outer radius 1965 1a0.5 1490.5 190.5 L90.5
Duter wheel radius 310.75 Al0.75 310.75 301.5 301.5

The value of the wheel outer radius play a hig role in affecling the tractive cllurl
reaching the wheels, the higger the tire radius the higher the resistance of vehicle

acceleration and motion. But there isn't 2 big difference berween the values and so the

tire dimension isn't 1 strong guantity in the CUrApATiSon.
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@ Third vehicle speed :

(Muote: the cngime speed way assumed constant 3000 rpm for all engines)

Table 7.4: Vehicle speed Irom en

ine speed(2008 models

Vehicle speed from Kia Rio 2008 Fiat punto Peugear 207 Skoda | Polo
engine speed{kmph) Dhvnamic 2008 2008 fabia 2008 | 2008
Vehicle speed (@ |st genr 27.35 27.06 367 3222 | 3208
Vehicle spead (@ 2nd gear | 48.29 {599 63.47 56.94 32.86
Vehicle spoed @t 3rd pear 72268 7149 104,32 86.89 T9.86
Vehicle speed (@ dth gear 06.12 04.48 146,510 120,08 10777
Vehiele speed @ 3th gear 117.86 115,02 181.76 150,43 [37.04
Table 7.5: Vehicle speed from engine specd(20135 models)

" Vehiele speed from engine | Kia Rio 2015 Fiat punto Peugeot 208 | Skoda Fabia | Polo
speed{kmph) street 2015 2015 2015 2015
Vehicle speed (@ 1st gear 26.37 2706 27.74 30.27 31.47
Vehicle speed @) 2nd gear 49.27 48,99 52.41 3619 | 60,53
Vehicle speed @ 3l pear T8.H7 7149 T 85.61 i 02.69
Vehicle speed i@ 4th ecar 1U2.58 94.48 96.80 117.83 127.57
Vehicle speed i@ 5th gear 130,03 1'15.02 12320 148.09 160.33

The values of vehicle speed depend on the transmission elliciency (gear and final

drive ratios ), the higher the gear ratios the lower the speed bul a higher torque is

transferred, By ohserving the values of the vehicle speed this clliet of gear ratio is

apparent. Nole that the value of vehicle speed doesn't necessarily increase it the

values of gear ratios incrensed.
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< Fourth the tractive cllort:

able 7.6: Traclive Effor

Tractive Effort Kia Rio Fiar punto Pengeot 207 | Skoda fabia | Polo
™) 2008 Dynamic 2008 2008 2008 2008
Engine torque 126 115 136 132 132
Weighl on the front axle §T0 L3l 1132.06 870 8a0
Tractive Effort @ Istgear | 493826 4880.2 4304.43 4705.24 | 47255
Lractive Effort @@ 2nd gear | 279653 2695 .97 1460.73 2662.44 2868.1
Tractive Bffort @ 3rd gear 8689 184724 149727 174455 1898.41
Tractive Effort @ 4ih gear 1403, | 1347 91 1067,62 126245 | 140673 |
| Tractive Effort @ 5th gear 11459 1148.3 1503 1007.78 | 1106.26
Table 7.7: Tractive Effort (2015 madels)
Tractive Effort Kiu Rin Fiat punto Peupent 208 | Skoda fabia Polo
(N) 2015 street 2015 2015 2015 2015
Engine torque 121 T 118 175 160
Weight on the front axle a75 870 9%81.72 In13 920
Tractive Effort @ Il gear | 5086.87 4188.89 4728.16 6639.1 | 5838498 |
| Tractive Effort (@ 2nd gear | 2722 55 2314.1 2502.33 3576.3 3035.65
Tractive Eflort 6 3rd gear | 170518 585,57 1 765.6 2347.52 LYB2 .46
ractive Ellorl (@ 4th gear | 1203.96 1199.R9 1354 85 170562 | 1440.39
Tractive Eftor @ Sth gear 16317 985.62 1064.53 1357.16 1146.11

When caleulating the tractive effort ir's important to take in count the values of the

gear and final drive ratios along with the torque, and that because a one value
doesn't make a big dillerence in the tractive effort, By obscrving the gear ratio
tahles (4.1-4.2) the blue values in the pear ratio didn't result in increasing the
tractive effort, thal because of the value of the lorque is small, which mean in

order to get a higher tractive effort the value of the torgue must be increased, with

lhe gear ratios taken incount.
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< Fifth the road resistance :

Table 7.8: Resistance foree (2008 models)

Resistance Torce kin Rio Fiat punto | Peugent 207 | Skoda fabia | Polo 2008
(N] 2008 Dynamic 2008 2008
2008
Rolling resistance
Rr(for conerete) 241 M3 246 | 2433 2475
Rr(tor hard soil) 1260 1296 1312 | 12976 1320
Acrodvnamic Rexistunce
Drag coefficient(Cd) 0.32 (.54 .3 D.33 0.32
Densitys2(;) kgm3 1.2 1.2 1.2 1.2 12
Width (body) 1696 1660 1744 1642 1682
Heighl 1470 1480 14711 1498 1462
Frontal arga (A) sguarcd 2.15 212 o227 2.12 212
Raern( 1™ gear) 22.63 23.40 0 | 27.05 26.16
Raero(3" gear) 59,79 61.83 83.37 72,97 5,13
TotalWeight(Kg) 1000 1620 1640 1622 1650
Crade resistance -14166.49 -14343.57 ~14520.65 -14361.28 | -14609.20
Summing of all
forces(N) | 2
On an inclined road (17 gear) | 18842,13 |R957 .4 18751.78 1879617 19061.1
A1 sraight road (3" pear) 156911 15424 1167.9 1428.28 1585.78
Acceleration( 1% gear)
(Km/h) 1..78 1.7 | 1143 11.59 11.55

The a mount of the resistance [orce depend on the vehicle geometry (Body shape,

weight and weight distribution), This table shows the efTect of the resistance forces on

the force reaching the vehicle wheels, the higeer the resistunce the higher the force
needed 1o move the vehicle. The value of the resistance that has the bigger effect on

the total resistance is the erade resistance, which depend on the weight of the vehicle,

henee the lighter the vehicle the lewer the grade resistanee,




‘
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Table 7.9: Resistance force {2015 models)

Resistance force [ Kia Rio Fiat puntv | Peugeot 208 Skoda Polo 2015
2014 street 2013 2015 fahia 2015
I (N)
I Rulling resistance
" Re(for concrete) 241.35 249,75 250.5 241,35 237
i Rt for hard sail) 1287.2 1332 1336 12872 1268
|F Aerodvnamic Resistance | | =
| Drag coefficieni(Cd) 0.33 (.32 0.31 0.325 0.317
| Density/2(,) kg/m3 1.2 1.2 1.2 12 ' i.2
" Width (body) 1720 1721 1739 1732 1682
I Huight 1453 1478 1460 1498 | 1453
| | Frontal urea (A) squared 232 2.20 2.19 2246 211
' Raera(1” gear) 24 30 22 84 22,68 26.51 2537
Racrof3™ pear) | 72,51 | 60,42 60,6 74.98 7442
Total Weight(Kg) 1609 | 1665 | 1670 | 1609 1581
Grade resistunce -14246.18 | 14742001 | 1478628 | -14946.18 -13989.42
Summing of all
forees(N) |
On an inclined roud(1" pear) 190067 34 1865529 19241 26 20617.4 19566.12
At straight roud(3" gear) 139],32 1275.4 1438.5 203118 1671.04
Acceleration(]™ gear)
(Kmfh) 2l N 0 1 T G (S ¢ 0 S S T | 12.38
| From table (7.9) its observed thatt1iith column) the aerodynamic resistance doesn't

hive the a big influence as the prade resistance, Also the higher the tractive effont
the higher the acceleration of the vehicle, Ag seen in the table the value of the
teactive effort on the straight road was chosen at the 3% gear, thal's becausc the
foree nesded 10 overcome the resistance and move the vehicle is smaller than on

the irclined on.
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% Sixth the fuel consumption:

Table 7.10: Fuel consumption (2008.2015 models)

Kia Rin fiut punto Peugeot 207 | Skoda fabia | Polo 2008 |
- 2008 Ivnamic 2008 2008 2008
Fuel 1458.33 1434 81 1434 81 1528.9 138777
consumption({Mpy)
elliciency % ) 7.78 718 7.04 g
Kin Rio fiat punto Peuseat 208 Skoda fabia | Polo 2015 |
215 street 2015 2015 2015
Fuel 117607 1199.6 1058.47 1129.03 1199.6
consumption Mpg)
i efficiency % 0.9 7,99 10.2 13.46 11.14

In this table the efficiency describes the amount of rower that was obtained lrom
burning a measurahle amount uf the fuel, The relation hetween the efficiency and
the fucl consumption is inversely proportional, this relation is noticeable in the
old models(Z008) but not in the new one (2015). The reason is that the value of
the efficiency depend on the tructive effort, which is alse afTected by the other
factors as menlioned carlicr. The more the fuel consumed 1o produce the power

the more the amount of emissions produced. which mean the higher the efficiency

the lawer the emissions produced .
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7.1 Conclusion

Investizgating the data collected of the chosen vehicle desipns | it was eoncluded that
when making a comparison between vehicles the following specilicalions must be

taken into consideration to get the best choice . which is;

¥" Lhe (mep) for the engine comparison.
¥ The torque along with the transmission ratios for the force reaching the

wheels,

v Fuel consumption far vehicle operating costs,




Analytical Comparison of Auromahiles Commonly Used in Palestine

Appendix :

According to the recipient of the survey which was posted an Facehook randamly, Tt

was revealed that:

¢ The best ear is the economical {less fucl consumption) as the most of the

survey recipient answered that the economical car is their first option.

The best car is the ...... type

M
10
=3
135
Wider Faster Micer Saler Economical Rigger Newer
Shape

Figure A.l: The Types of Cars Which The Customers Would Like to Buy
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The best car is,,..Males

@ Economic

@ Nice Shape
Fast

i New

i@ Safe

Figure A.2 : The Types of Cars Which The Male Customers Would Like to Buy

*  The price effect vn the car purchasing decision
The survey resulis showed that (he price is a significant factor the buver take

inte comsideration when heishe wants to purchase a car

T'will buy the car I lHke regardless of it's price

s N0

Ve
NOYes

Figure A3 : The Car Price is a Significant Factor for its Purchasing
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I use the car for
It was found that moving in town is number one purpase of using a ear,

Acecording to this result, the chosen speed lor ealeulation will be the mid speed

of the car which lies hetween (30 to $0) Km/h.

I use the car for

1o
8
i)
=]
I .
g I . =
Moving i Traveling Orther Proutigs Wark
fawn

Figure A.4: The Different Purposes for Using a Car
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Hereufter is a copy of the questionnaire used in this studv:
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