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Abstract—The fud cost of the motor vehicle operating on its
common route is an important part of the operating cost. Therefore,
the importance of the fuel saving isincreasing day by day. One of the
parameters which improve fuel saving is the regulation of driving
characteristics. The number and duration of stop is increased by the
heavy traffic load. It is possible to improve the fuel saving with
regulation of traffic flow and driving characteristics. The researches
show that the regulation of the traffic flow decreases fue
consumption, but it is not enough to improve fuel saving without the
regulation of driving characteristics. This study analyses the fuel
consumption of two trips of city bus operating on its common route
and determines the effect of traffic density and driving characteristics
on fuel consumption. Finally it offers some suggestions about
regulation of driving characteristics to improve the fud saving. Fuel
saving is determined according to the results obtained from
simulation program. When experimental and simulation results are
compared, it has been found that the fuel saving was reached up the
to 40 percent ratios.
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l. INTRODUCTION

OR a vehicle powered with an interna combustion engine,

the amount of fuel consumed per unit road and per unit
vehicle weight and the emission emitted are two important
criteria in terms of fuel economy and environment. Decrease
of fuel amount consumed per unit road and unit mass will
indirectly decrease the amount of emission resulting from
combustion. [1]

Specific fuel consumption, brake power and operation time
of the engine will determine the amount of fuel consumed.
Instantaneous braking power depends on the physical
properties of the vehicle, topographic characteristics of the
line, environmental conditions, performance characteristics of
the engine and on the driving characteristics [2]-[3]. The term
‘driving characteristic’ covers acceleration, deceleration, and
variation of speed, maximum driving speed and gear step
preferences of the driver.
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The fuel consumption of a vehicle in urban and suburban
traffic is determined by the complex interaction of many
factors. These include the detailed control inputs the
individual driver makes to his vehicle, how his vehicle
interacts neighboring vehicles and with a complex traffic
control system. As a consequence of these factors, vehicles
operating in urban traffic undergo frequent changes in speed.
Fuel consumption is affected by the manner in which
individual and collective human behavior interacts with a
large complex system, as well as by the physica
characteristics of the vehicle. Driving characteristics are
crucid for fuel consumption especialy while driving in the
city [4]. In this study, it is amed to decrease the fuel
consumption of a bus operating through the city line by the
regulation of driving characteristic.

Fuel cost has a significant share within the operating
expenses of establishments that perform public transportation.
The bus used in the study has been selected among a bus fleet
belonging to Istanbul Metropolitan Municipality, Directorate
General of I.E.T.T. Directorate General of I.E.T.T, which
provides public transportation services in Istanbul controls a
fleet composed of nearly 2609 buses. There are 2676 (bus)
stops in 525 lines. Number of daily trips is approximately
28.500. Daily number of passengers is approximately
3.200.000. Daily fuel consumption is approximately 266.500
liters. The line where measures between Emindni and
Ucgsehitler are conducted has a length of 6.300 meters and
there are 10 bus stops. The distances between stops are
respectively 1090, 810, 570, 790, 656, 588, 330, 356, 170, 550
meters [5,6]. In the measurements, Corrysy-Datron
measurement devices were used, which belong to Mercedes-
Benz Tirk A.S. busfactory R&D department.

The study is composed of three parts. In the first part,
cumulative fuel consumption, road, speed, acceleration,
deceleration values and gear steps of a bus working on
intracity line were recorded with 1-second intervals. The
passengers on the bus are counted in each stop and recorded
accordingly.

All Measurements are performed at warmed-up engine
condition. The bus was droved by different drivers a reel
traffic conditions. In the second part, the measured data are
analyzed and the impact of driving characteristic on the fuel
consumption has been determined. In the third part, software,
which calculates fuel consumption, was written. Measurement
results and software outputs are compared and the validation
of the model was made. Later on, studies were conducted on
the decrease of fuel consumption by the regulation of driving
characteristic via utilizing the software.
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1. CALCULATION OF FUEL CONSUMPTION

To keep a vehicle moving, the engine has to dev
sufficient power to overcome thepposing road resistan:
power, and to pull away from a standstill or to elecate ¢
reserve of power in addition to that absorbed by tbac
resistance must be available when requi

The road resistance opposing the motion of theclehs
made up of four components as follows;

Rolling resistance,RR
Aerodynamic drag,RAero
Climbing resistance!:\’C

Acceleration resistancé?ACC [7]
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TABLE |
UNITS
Symbol Quantity Unit
A frontal area m
Be fuel consumption g/m
CD drag coefficient -
Pe road resistance power kw
Race acceleration resistance N
Raeo aerodynamic drag N
RC climbing resistance N
RR rolling resistance N
RY total road resistance N
be mean specific fuel consumption g/kWh
dt time interval s
dv/dt acceleration m/g
f coefficient of rolling resistance -
g gravitational acceleration m/g
m mass kg
v speed m/s
VR relative wind speed m/s
o angle of ascent °
Nm mechanical efficiency -
PA air density kg/n?
[0) mass factor -

According to the Equationduel consumption increases
the first power of acceleration and third power dsfving
speed. For the fuel consumption to be decreased)exatior
andmaximum driving speed should be as low as poss

During the accelerating movement, accelerationstasce
emerges on top of the resistances formed duringstant
speed driving.

Rolling resistance coefficient (fmass of the vehicle (m),
angle of ascenta(), specific mass of the aipA), and frontal
area (A) are the variables that are out of corgnal comman
of the driver while driving.Vehicle speed (v), acceleration
(dv/dt) and decelerationdv/dt) are controlled by drivers. The
preference of g level has a notable impact on the |
consumption. The selection of gear level dependstha
driving characteristics. Because, the gear levelduaffects
engine speed and therefore specific fuel consump
According to the abovepecified equalizion, with the
acceleration and increase of the speed which aderutie
control of the dwer, fuel consumption increa: [10]-[11].

1. CHARACTERISTICSSECTIONSOF THE VEHICLE
MOVEMENT

It is possible to travel over a specific distancsggh
different speedime trajectories. Acceleration, decelerat
and constant speed values selected will deterntieefuel
consumption. Speetilme trajectory composed of accelerati
constant speed and deceleration sections are nasgedar
trajectory (RT). In the Figl, the travelling over the same
distance with different spe-time trajectories has been
exemplified.

Max_Spead

Speed
Distance

Time

Fig. 1Two different example foRegular Time — Speed and Time-
Distance trajectol

Driving style can have aignificant bearing on fuel
consumption, but it is oéh unclear how one shoulontrolled
the vehicle to get the best possible economy [12].
Likewise, theoretically, limitless number (Regular Time-
Speed trajectory (RT)may be acquired with differe
acceleration, constant speedd deceleration values. The
variation of speedime trajectory will cause different amoui
of fuel consumption in the same distance. The detetion
of the option providing the least fuel consumptamong the
limitless option will requireoptimization. In reality, this
operation covers certain acceptances. Though ttienspare
endless, it is only possible to realize some ofrthiglotor anc
power train characteristics include the most sigaift
restrictions. For that reason, engine performamcediiveline
system characteristics should also be taken intsideratior
in the optimization [13].
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In case the distance being travelled over ceasglissong,
then the impact of acceleration and deceleratiorthenfuel
consumption will be less. However, in intracitypgiwhen the
vehicle stops frequently, acceleration and deceterchas a
significant impact on the fuel consumption. Therégase of
acceleration will increase acceleration resistaraktherefore
fuel consumption will increase. As to deceleratibincreases
the fuel consumption with turning kinetic energy tife
vehicle into thermal energy without using it foavelling
over.

A good driver, in terms of obtaining the best pblesifuel
economy, is sensible, steady and drives at mogesids2].

V. MEASUREMENTRESULTSAND ANALYSES

A. Measurement Results

In order to better understand the general chaiattsr of
trips, as an example,
trajectories belonging to 19:25 trip was given ig.R and 3.
Time-speed and distance-speed trajectories of dthetrips
are similar to the trajectories of 19:25 trip. Frédme graphics,
we see and understand that the bus does not tvétlela
stable speed between the stops and that the bsiy fir
accelerates and then decelerates between the stdgs.
movement of the bus between stops may be sepanateitvo
parts as acceleration and deceleration. After acagbn
period, there is a deceleration process withimalai period.
Speed-time trajectory of the bus between stops ugeq
different from the regular trajectory created byceleration,
constant speed and deceleration sections.
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In order to facilitate the interpretation of resuifh terms of
driving characteristics, a calculation has beeneriaderms of
fuel amount consumed per unit road and unit masel F
consumption and time measurement results havedieen in
Fig. 4 and Fig. 5 respectively according to Departtime.
Fuel consumption which measured has been named MFC.
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Fig. 4 Fuel consumption variation according to depa time
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Fig. 5 Time variation according to departure time

In most of the times, fuel consumption is assodiatéth
traffic density in direct proportion. The decreasé trip
duration indicates that average speed has increased
therefore the traffic density has decreased. Yietdecrease of
traffic density does not always indicate that theelf
consumption has decreased. As in trips, the deatiaes of
which are 20:25 and 21:25. As to 19:25 trips, while trip
duration has increased due to the traffic densftel
consumption has realized under 20:25 and 21:25.trip

B. Analysis of Measurement Results

In order to analyze the results, characteristi¢ices must
be determined.

Characteristic sections having an impact on thel fue
consumption have been providedow.

Stops (In the stops and due to the traffic)

Acceleration

Constant speed

Deceleration [1]

In acceleration, constant speed and deceleratiotioss,
different road resistance groups have an impacthenbus.
Rolling resistance, aerodynamic resistance, cligbin
resistance and acceleration resistance, accelerpénod are

35



International Journal of Engineering, Mathematical and Physical Sciences

ISSN:
Vol:6,

resistances that the engine has to overcome.\ellirg at the
constant speed, the resistances that the engirte basrcome
are rolling resistance, aerodynamic resistance @mobing
resistances. And in deceleration period, while ingll
resistance, aerodynamic resistance and climbirigtaese try
to stop the vehicle, negative acceleration resyltirom
deceleration creates a push impact driving theckehd® move
in the reverse direction to other resistanceshéndeceleration
period, incase total resistances are positive,etigine must
overcome the resistances.

1. Analysis of fue consumption

Measurement results indicate that approximatel39%- of
the fuel consumed in trips with different traffiorditions and
passenger numbers is consumed at the acceleratiorFig.
6). The amount of fuel consumed depends on the rmani
speed and the time elapsing to reach that speed. .

Dense traffic conditions will limit maximum speedn the
contrary, open traffic conditions will allow driveto drive the
vehicles with a full speed and generally drivere ukis
possibility. Measurement results indicate that ¢hés a
deceleration process similar to the deceleratiom tafter the
trip with a high speed. In general, in this procesgsen
breaking system is put into service, kinetic eneajythe
vehicle is turned into thermal energy with braksystem or
engine brake. As the kinetic energy, which is otsdi with
the conversion of chemical energy of the fuel anlictv
enables the movement of the vehicle, is turned thesmal
energy via the braking operation, this will cause increase
of fuel consumption. Measurement results have atdit that
the fuel consumed in deceleration processed is twigh high
speeds is more than the fuel consumed in consigegds
processes.
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Fig. 6 Distribution of fuel consumed to the accatiem, constant
speed, deceleration and stopping period

2. Analysis of Fuel Consumption

Although trips are made with different traffic dégsand
passenger number, the periods of acceleration eceletation
have similar values (Fig. 7). 83-94% of the totatahce is
travelled over in acceleration and deceleratioriopsr From
the Fig. we understand and see that traffic and émaditions
have an important impact on the acceleration areldeation
characteristic.
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V. MATHEMATIC MODEL AND VALIDATION OF MATHEMATIC
MODEL

A. Mathematic Model

In the second part of the study, a computer program
(software) has been prepared for the calculationfus
consumption where engine map, technical charatiterief
the vehicle and the distance travelled over acogrtidb time,
speed, acceleration, gear step, fuel consumptidrpassenger
number values constitute an input. By the util@atof data
recorded with 1-second time interval, instantaneengine
breaking power and engine speed have been caldulatke
mathematical model of the engine map has been fbimthe
software sub-model. In the modeling of the engirmgnspline
functions have been used. Engine model calculabes t
instantaneous value of specific fuel consumptiondeun
instantaneous braking power and engine speed aumdAs
to instantaneous fuel consumption is calculatedh vilie
multiplication of engine braking power, engine dfieduel
consumption and operation time (1 second). Theseatipns
are repeated throughout the trip and total amodnfuel
consumption has been calculated. Fuel consumption
simulation calculation which is made by using real
trip/travelling conditions has been named MODE 0

B. Validation of Mathematic model

Measured fuel consumptions of the trips and softwar
MODE 0 outputs have been compared, and a faulthgrdmmas
been prepared and software has been validated.
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Fig. 8 Measured fuel consumption according to depatime, Mode
0 results and fault variation
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The differences between measured and calculated fue
consumptions result from the assumption that wesigtitall
passengers are equal to one another and instantgneo
resistance variations that are not anticipatedatRel error is
+2.2 (Fig. 8).
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VI. RESULTSOF MATHEMATIC MODEL

In this part, the amount of fuel to be consumeddse the
bus travels over the distance between the bus siops
Conformlty Wlth regl'"ar tra]eCtory reSUItlng from@leratlonl 08:20‘ 09:30 10:30 11:30 12:35 13:4‘5 15:15¥ 16:4(; 18:2; 19:2;)% ;1:25
constant speed and deceleration processes hasélealated Departure Time  (hh:mm)
by the employment of a software. In the calculaio i 10 Fuel i it ding toatee time f
measurement values have been used for the number 5I9 uel consumption variation according toatgre time for

. . . MODE 0, MODE 1 and MODE 2

passengers and stop times. Acceleration and dateler
trajectories have been created with average daganedl from 1 reguits demonstrate that it is possible to etese fuel
measurement resqlts for each gear step/lg\(el. (Baasitions consumption by regulating speed-time trajectorg.(ED).
are made by considering real usage conditions. difierent The results calculated indicate that the rate oél fu
modes have been used for constant speed valuése ffirst  .,nq med in the motion at constant speed in acooedwith

mode (MODE 1), a constant speed value has beeat&@l®n  \opE 1 and MODE 2 speed-time trajectory (Fig. 12 48).
a way that the trip times calculated and realtinpes will be  This is a result of avoiding acceleration and demgion

the same. In the second mode (MODE 2), constantdspe,rse which causes the increase of fuel consumpfipng
value has been sought, by which optimum fuel comsim is ity that, we see that fuel economy is better in DED2,
enabled. In MODE 2, different from the MODE 1, @shbeen where movement is less at the constant speed.

changed in a specific interval and constant spealliev

providing the least fuel consumption has been sbugh. 9 10

=
@
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In the calculations, a similar arrangement has leade by g
taking total trip time as the basis. The purpos®eDE 1 is * -
. . . . o & .
to enable regulated trajectories to be in conformiith real $ 889 Deceleration
. A . ! =} 8 S : 0 ~ & Conslanlspeed
trip times. In the calculations made in both of thedes, real < 3 3 g o e mﬁ;';f;m
values of the number of passengers and distantegdre bus Departure Time (hhomm) = = & & & g
N o
N

stops have been taken. Because, in order to decreat ) o .

consumption, variation of passenger number andiistance Fig. 11 Distribution of fuel consumed to charactéci processes for
. L . MODE 1 and MODE 2

travelled over is in contradiction to the servicegose of the

bus. Traveling the distance between the bus stops inrdaace

with speed-time trajectory arising from accelematioonstant
speed and deceleration processed will improve éagehomy
up to 30% for MODE 1 and up to 41 % for MODE 2 (Fig).
For MODE 1, we have observed that fuel economy
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improvement potential is quite less in certaindriphe reason

The results obtained in the study demonstrate dhaiel

of this is that the maximum and average speedshef teconomy by average 11% may be achieved in Modedlbgn

mentioned trips are very low. Low travelling speedésreases

31% in MODE 2, which aim to complete the trips witlthe

road resistance power (R.). The engine is operated undersame period. Aside from fuel cost, there will bsignificant

the conditions when specific fuel consumption) (is high.

Also, the decrease of the speed increase opertian (t).

The regulation of ideal speed-time trajectory @bgrin such
characteristics will decrease travelling speedserad more
and therefore the fuel consumption will remainaw llevels.

However, in order to achieve maximum fuel econoihys

necessary to change speed limits used in MODE 1DHIQ,

where speed limits are changed so as to achiev@waptfuel

consumption, demonstrates that fuel economy may
improved at a rate of approximately 22-41% (Fig). These
values have been obtained at the 32-36 km/h canstasred
interval. In case the bus travels faster or slowike, fuel

economy decreases. In case the bus drives fdséeimdrease
of acceleration process will increase fuel consimnpand in
case the bus drives slower, it will be approacloeldi-speed
MODE 1 travelling conditions.

45
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mMODE2

Fuel Economy (%)
R T
5 8 B 88

e
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o
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Fig. 12 Variation of fuel economy depending ondeparture time in
MODE 1 and MODE 2

Better results have been attained in MODE 2 in canispn
to MODE 1. As speed values of some trips are Ihwrd is
not a potential to improve fuel consumption of strgbs with
MODE 1 conditions.

decrease in COand other emissions and PM released by
busses.

CO,, CO, HC, NQ, SO and PM constitute an important
part of Diesel motor exhaust emissions. As combuostn
diesel engines realizes in the condition of higlteas air
coefficient, HC, CO emission resulting from the ssidn is at
an insignificant level. In consequence of advancemn the
diesel fuel technology, sulphur amount within theelf has
lbbeen decreased down to 10 ppm level and &@ount given
off from the exhaust has significantly decreaseak. #iesel
engines, N@ CO, and PM are emissions that are primarily
taken into consideration. [14]-[15]

Although environmental effects of N@mission via post-
combustion emission decreasing systems, this isesethe
operating costs of the systems. For,C@e case is quite
different. It is because the only known method &xrdase
CO, emission is consuming less fuel. As a result of
combustion of one kg carbon, approximately 3,67Ck® is
released into the atmosphere. Approximately 86%die$el
fuel is composed of carbon [16]- [17].

In Istanbul, where the study was conducted, apprately
266.500 liters of diesel fuel is consumed on aydadsis with
the intracity public transportations by bus. Acdogd to
results obtained from the calculations, with thgutation of
driving characteristic, there is a potential to roye fuel
economy by 10-41%. With the effects to arise ir th
implementation of simulation results to real coiudis, even
in the improvement of fuel consumption by 10%, gigant
economic and environmental benefits will be achievEhe
improvement of fuel economy by 10% will decrease th
amount of fuel consumed in a day by 26.650 litensl a
decrease CoOamount released into the atmosphere by 60 tons.

Annual decrease amount in gOemission will be
VI CONCLUSION approximately 21.900 tons.
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APPENDIX
Technical specifications of the city bus use irdgtu
Vehicle mass : 10308%5 (kg)
Passenger 97+1 (person)
Engine : RABA-MAN D 2156 HM6UT
Engine brake power : 162 (kW) /2100 (rpm)
Engine brake torque : 819 (Nm) / 1600 (rpm)
Gear box : C sepel ZF S6-90U-049
Wheels/ Tire size : 8.00-20” /11.00R-20 STC
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