- AMAZONIA

Volume 10 - Issue 47 / November 2021

4

DOI: https://doi.org/10.34069/A1/2021.47.11.11
How to Cite:

Petrov, N.V., Evseeva, M.M., Khiterkheeva, N.S., Radnaev, D.N., & Moshkin, N.I. (2021). Methodology for rationing the fuel
consumption of the PAZ-320412 bus. Amazonia Investiga, 10(47), 107-115. https://doi.org/10.34069/A1/2021.47.11.11

Methodology for rationing the fuel consumption of the PAZ-320412
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MeTtoauka HOpMHUPOBaHHUS pacxoaa Tomausa aBTodycoB [1A3-320412
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Abstract

The article analyzes suburban bus transportation
with specific routes in the Republic of Sakha
(YYakutia). For the experimental study, the route
No. 101, «Yakutsk — Tabaga» with a total length
of 31 km was chosen. The schedule of buses of
Municipal Unitary Enterprise «Yakut Passenger
Transport Company (YAPAK)» on the suburban
route is shown. The basic technical data of the
bus PAZ-320412 was studied. In accordance
with international regulations for the buses, the
determination of fuel consumption and specific
emissions of normalized toxic components is
carried out using a riding cycle on running
drums. For the calculation of fuel consumption,
the technique of modeling of indicators of work
of the engine which provide change of traction
and speed characteristics of the car according to
the set driving cycle was used. Finally, the results
of the calculated fuel consumption for the NEDC
driving cycle are compared with experimental
data. As a comparison of the calculated and
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AHHOTAIUA
B cratee aHaNM3UPYIOTCA ~ NPUTOPOIHEIC
aBTOOYCHBIC  TEPEBO3KA IO  KOHKPETHBIM

MapuipyTam B Pecry6nuke Caxa (Axyrtus). st
9KCTIEPUMEHTAIHOTO ~ HCCIICOBAHUSL  OBII
BeIOpan MapuipyT Ne 101 «Slkytck - Tabarax
obme#t mpotsokerHoctbio 31 kM. [IpmBeneno

pacnucaHue  aBWXeHHs —aBToOycoB  MVYII
«SIKyTCKOE  TaCCaKMPCKOE  TPAHCIIOPTHOE
npeanpusitue  (SIIIAK)» Ha mnpuropomHom

MapuipyTe. 3y4eHbl OCHOBHBIE TEXHHYECKHE
nmaaHbIe aBToOyca [T1A3-320412. B cooTBeTcTBIH
c MEXTyHapOIHBIMHU MpaBUIaAMHU ISt
oTIpenieNieHNe KOJIMYEeCTBA TOIUIMBA U yIeIbHBIC
BBIOPOCHI HOPMHPOBAHHBIX TOKCUYHBIX
KOMIIOHEHTOB OCYIIECTBIISETCS (¢
HCIIOJIb30BaHHEM €3JI10BOr0 LMK Ha
paborarormux G6apabanax. J[is pacdera pacxona
TOILIMBA HCTIONB3YeTCS METOUKA
MOJICTTUPOBAHUS Mokasarenei paboOTHI
JIBHrareiiss, OOECIeUHMBAIONINX  H3MECHCHHUC
TATOBO-CKOPOCTHBIX XapaKTCPUCTHK
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theoretical fuel consumption data with practical
data, the Cummins engine type Cummins ISF 3.8
is considered. This internal combustion engine is
installed on a PAZ-320412 bus. Experimental
data on the fuel consumption of this bus per 100
km. showed 48 nm3, and theoretical calculations
of bus fuel consumption per 100 km. by the
proposed method showed 42 nm3. Therefore, to
assess the traction and speed properties of the
bus, the proposed combined method can be used
which allows one to obtain calculation of fuel
consumption which is closer to the experimental
data on a driving cycle. Using the source data of
the wvehicle, effective engine performance
indicators are evaluated. A calculation method is
proposed for modeling a test, and experimental
driving cycle of automobile transport with a total
mass of more than five tons is suggested.

Keywords: acceleration, deceleration, driving
cycle, experiment, fuel consumption, suburban
buses.

Introduction

In the long term, bus transportation remains the
main type of passenger transportation for most
cities and towns of the Russian Federation and is
of great social importance. In the city of Yakutsk,
about 100% of the total passenger traffic is
carried out by ground transport - buses. Of these,
city bus transportation has accounted for 94% of
traffic in 2018.

Improving the efficiency of enterprises,
operating city buses can be carried out by
increasing fuel efficiency, in which the issues of
rationing fuel consumption by city buses plays a
paramount role.

In connection with the abovementioned data,
studies related to determination of route fuel
consumption rates is based on the development
of a method of fuel consumption standardization
for PAZ-320412 buses are relevant.

A distinctive feature of the work of buses on city
routes is a change in the degree of filling of buses

ABTOMOOWJISI B COOTBETCTBHUHU C HCIOJIb30BAJICS
YCTaHOBJIEHHBIM €370BoM uuki. Haxonern,
pe3yapTaThl PacuUeTHOTO pacxojia TOIUIMBA IS
esgoBoro 1mkna NEDC cpaBHuBaioTcs ¢
9KCTIEPUMEHTATLHBIMH JTAHHBIMH. ITpun
CPaBHEHHHM PAacCUeTHBIX U  TEOPETHUYECKUX
JAHHBIX O pacxo/ie TOIUIMBA C NMPAKTHUYECKUMHU
JaHHBIMH, paccMmarpuBaeTcs JIBUTATEINb
Cummins Tuma Cummins ISF 3.8. Jlaxubri
JIBUTaTeNIb BHYTPEHHErO CrOpaHusi yCTaHOBJIEH
Ha aBTOOyCE [TA3-320412.
OKCHepUMEHTANBHBIE JaHHBIE TI0  pacxojay
TOIITMBA Ha 3TOM aBToOyce Ha 100 kM. mokasan
48 HM3, a TEOpeTHYECKHE pacueThl pacxoia
TommBa  aBTobyca Ha 100 kM. WO
mpe[yiaraeMoMy  Croco0y Tmokaszan 42 HMm3.
Takum oOpa3om, s OLEHKH TICOBO -
CKOPOCTHBIX XapaKTEPHCTHK aBTOOyca MOXKET
OBbITH UCIIONIb30BaH NPe/IT0KEHHBINA
KOMOMHHUPOBAHHBIA ~ METON,  IO3BOJISIONIUI
MOJy4YUTh pacyeT pacxoJa TOIUIMBA, Oolee
ONM3KMI K SKCHEPHUMEHTAIBHBIM JIAHHBIM 10
e310BoMy muKiIy. [lo HMCXOAHBIM JaHHBIM
aBTOMOOWJISI  OLEHMBAIOTCS AP PEKTHUBHBIE
nmokaszatenu paboTel apurarens. [Ipemmoxen
pacyeTHbII METOJ] MOJISTUPOBAHUS UCTIBITAHUS U
SKCIIEPUMEHTAIIbHBIN €3J10BOM IIAKIT
aBTOMOOWJIBHOTO TpaHCIOpTa OO0IIeH Maccoi
Ooree TATH TOHH.

KiaroueBble cioBa: yckopeHue, 3aMejJieHUE,
€37I0BOH ITMKII, SKCIEPUMEHT, PacXo]] TOIUINBA,
MIPUTOPOJIHBIC aBTOOYCHI.

with passengers, different distances between
stops, a large number of stops, braking and
acceleration, passage of regulated and
unregulated intersections, etc. Practice shows
that in urban conditions, the modes of movement
of a shuttle bus are significantly different from
the modes of movement of a conventional car.
It’s enough to note that the number of brakes per
km of the path is 1.35 times more than that of the
driver, clutch disengages — 2.48 times, and
forced stops — 1.54 times. A significant
difference in operating conditions is observed
both between the route network of several bus
depots, and within one fleet (Sumatohin, 2012).

For buses, in accordance with international
regulations, the determination of fuel
consumption and  specific emissions of
normalized toxic components is carried out using
a driving cycle on running drums.

At the stage of preliminary selection of optimal
parameters of the engine, the rational is the
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mathematical modelling of the work in
conjunction with the car in the driving cycle.

Due to the high cost of equipment for the
experimental implementation of a test driving
cycle on running drums, the need often arises for
mathematical modelling of this cycle.

R Volume 10 - Issue 47 / November 2021 109

Theoretical framework

A theoretical study examines the fuel
consumption of a bus PAZ-320412. They are
designed to transport passengers in operating
conditions corresponding to categories I, 11, 11l
(except for mountainous terrain) at ambient
temperatures from minus 45° C to plus 40° C and
relative humidity up to 75 % at 15° C. Body- all-
metal, wagon layout, 2 entrance doors with
emergency buttons. The model was launched into
mass production in 2012.

Figure 1. General view of the PAZ-320412 bus.

There are two versions — for city and suburban
routes. The main areas of application are intra-
city routes and corporate transportation. Cabin
can have 4 different types of arrangements-15,
21, 24, 29 seats. The total capacity is 52-60
people. The driver's seat can have an individual
door. The driver's seat has a seat belt which can
be adjusted according to the angle of inclination,
the height of the headrest, the distance to the
steering column and the height of the pillow.

The bus is powered by a Cummins ISF 3.8
engine- a gas variant with six cylinders,
providing up to 197 horsepower. It has a six-
speed automatic transmission of brand Allison
(Sumatohin, 2012).

With a total weight of 11.5 tons, the bus can reach
a speed of 100 km / h. In terms of environmental
friendliness, the bus complies with Euro-5 class.
The volume of the gas cylinder is 62 liters.
According to the manufacturer, the control fuel
consumption of the PAZ-320412 bus is 24 litres
/ 100km. However, the experience of operating
the PAZ-320412 bus in the conditions of the bus
fleet of the MUP “YAPAK” speaks of other
indicators of the route fuel consumption by this
rolling stock.

Methodology

Since 1955, a bus fleet has been operating in the
city of Yakutsk under the name «Yakut
Passenger Vehicle Management» - YAPAK.

In the YAPAK there were not only buses, but
also cars (M-20) and the so-called GAZ-51 cargo
taxi. The company also had branches in Lensk
and Aldan. Buses of the brandzIS-155, later
PAZ-651, ZIL-158, ran around the city.

The company produced on the city line up to 200
buses per day, performing 18 city, 7 suburban
and 4 country routes. Currently 70 buses of the
Municipal Unitary Enterprise «Yakut Passenger
Transport Company (YAPAK) » serve 7
suburban, 2 city and 3 country routes. However,
the plans of the Yakutsk city administration
include the further development of municipal
transport.

The company's buses travel along 7 suburban
routes:

— route number 101, Yakutsk - Tabaga with a
total length of 31 km;

— route number 102, Yakutsk - Magan with a
total length of 24 km;
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route number 103, Yakutsk - Khatassy with
a total length of 17 km;

route number 104, Yakutsk - Kangalassi
with a total length of 40 km;

route number 105, Yakutsk - Tulagino -
Kildyamtsy with a total length of 27 km;

route number 111, Yakutsk - Zhatay with a
total length of 19 km.

For the experimental study, we chose route No.
101, Yakutsk - Tabaga with a total length of 31
km. In figure 2, the red line shows the route

— route No. 109, Yakutsk - Zhatay - diagram with bus-stops between Yakutsk to
Zakharovka with a total length of 21 km; Tabaga.
Khatassa
Plemkhoz

Ne 103

GIBDDk7,10

Bus station

*7dMning room_
/ . = ;

202 MKR._/
Ne7,10,13

Figure 2. Diagram of the route with bus stops between Yakutsk - Tabaga.

Table 1.
Shows the bus schedule for Municipal Unitary Enterprise«YAPAK>» along the suburban route.

The route number 101 Yakutsk — Tabaga
Departure time from the bus station

6:50 805 9:30 11:30 12:30 13:45 15:15 16:45 18:15 19:15 21:.00
DeparturetimefromTabaga
6:50 805 9:20 10:45 12:25 13:45 1500 16:30 18:00 19:30 20:30 22:10

Table 1. In this route, PAZ-320412 buses are
operated in a total of 6 numbers. Buses make 3
trips in one day, and the average daily mileage of
one bus is 93 km.

To accomplish this task, we used a methodology
for modelling engine performance indicators,
which provide a change in the traction and speed
characteristics of the car in accordance with a
given driving cycle (Andryukhina O.S. (2006) &
Andryukhina O.S. (2005). Simplicity differs
from other models in combination with high
convergence of the calculated and experimental
results.

The initial data for the mathematical model of the
riding cycle can be divided into the following
groups (Filipkovskiy A.l (1988).

www.amazoniainvestiga.info

1. Constant vehicle parameters: gear ratios
gearboxes (for direct transmissions) ukl,
uk2, uk3, and uk4; full mass of automobile
ma.Kg; gear ratio of the transfer case up, (if
there is no transfer case, then up, = 1); final
drive ratio uo; static wheel radius rg.m; the
coefficients for constructing VSHD Al, A2
[1]; the coefficients of the total road
resistance vy,  Vehicle transmission
efficiency n.; air resistance coefficient K,
(N-c®/m*; vehicle height B,.m; vehicle width
H:. m; coefficients of filling the frontal area
of the car aa (Lukanin, & Trofimenko,
1996).

2. Constant engine parameters: fuel density p-,
kg/m3; rated engine power Ne nom, KW; rated
engine speed Npom, Min.

3. Parameters of the test mode: number of gear

iy; vehicle speed v, km/ h.
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4. Engine output parameters: specific effective
fuel consumption in the g. mode, g/(kwh).
5. The scheme of the test cycle, that is, a given
time sequence of changes in the parameters
of the test mode.

For the study, the European NEDC driving cycle
was selected. The choice of this cycle is due to
the fact that the CIS countries, including Russia
are guided by the EU standards in the
development of standards for determining and

v
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standardizing the toxicity of motor vehicles, the
current driving cycle is starts from 2000 NEDC.

The NEDC cycle consists of four successive ECE
15 urban driving cycles and one EUDC suburban
driving cycle following one after another. The
diagram of these cycles are presented in Fig. 3,4,
and 5.

The main indicators of the NEDC driving cycle
are also given in table 2.

Ky
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Fig. 3. Diagram of urban driving cycle ECE 15
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Fig. 4. Diagram of EUDC driving cycle.
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Fig. 5. The diagram of the combined driving cycle NEDC.
Table 2.
Key Performance Indicators for the NEDC Driving Cycle.
Unit
Value Symbol ECE 15 EUDC NEDC
measurements
Route KM Sy 1,013 6,955 11,007
Time C s 195 400 1180

Results and discussion

A distinctive feature of the technique proposed in
(Gasparyants, 1978) is to simplify the design
study, the driving cycle is divided into sections,
into which the parameters of the test mode do not
change. Thus, the transition mode, during which
the car moves with acceleration or deceleration is
divided into elementary quasi-stationary modes.

Transient modes of the EUDC cycle are divided
into sections with a duration At = 1s, during
which the parameters of the test mode also do not
change, the speed is conditionally considered
constant (Fig. 6).

\V/ A
KMm/4a

2 AV

ll

[

i

|

T, C

[
| o

Fig. 6. Transformation of the transition process into a sequence of elementary quasi-stationary modes in

the EUDC cycle.

In quasi-stationary modes, changes in the motor
adjustment parameters in transient modes (for
example, enrichment of the mixture with a
sudden increase in load) are taken into account,
and such elementary modes are conditionally
considered stationary. In addition, empirical
correction factors (e.g. proposed in Turenko,

Abramchuk, & Poyda, 2009) are used to
calculate emissions of toxic components and fuel
consumption by a vehicle in quasi-stationary
mode.

To simplify the computational
transition modes in the ECE 15 cycle are
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replaced by stationary ones according to the
scheme proposed (Fig. 7). Studies conducted in
(Glagolev, 1950) showed that this diagram
allows to ensure maximum compliance with the
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indicators of efficiency and toxicity of the
calculated and experimental cycle (Kulchitsky,
2000) & Kanilo P.M., Bey I.S., Rovensky O.l.
(2000).

Km/4

50

40
30

1

20

ol b \

\
’ \

id \

\
\

\

ol

,1]/ \

A
0O 50

100

150 1,¢ 200

Fig. 7. The design diagram of the simplified urban driving cycle ECE 15:

standard driving cycle;
— simplified driving cycle.

The required frequency of rotation of the engine
crankshaft, min™* (Gasparyants, 1978).

_V.ukiu '

upb'uO

1
0,377 * rst ( )

Frontal area of the car, m2.

F=aa-B,-H,. (0

Engine power requirement, kW

M 98Lyy v K-F-v3

e

36001, 46656 -1,
©)
Power according to the external speed

characteristic at the given revolutions, kW.

Ne ystp = Ne_nom [Al ' n:,m + A (n::m)z -
(n:)m)g]' “)

Required specific load on the engine at a given
power, %

Ne

P= Ne vsHD 100. ®)
The required torque, N.m
N
M, =9550-—%. (6)
n

The values of n and P calculated according to
equations (1) and (5) determine the operating
mode of the engine. Based on the data of the
mode, they are determined experimentally on the
brake stand or calculated according to the
updated method of I.I. Vibe engine out put
parameters Qge, Oco, Jch, and gnox. When
calculating the definition of the listed indicators
of the adjustment parameters of the engine are set
by a specialist or taken from the characteristic
cards.

Fuel consumption by a car in elementary mode,
g (Gasparyants, 1978).

ge'Ne .
3600

()

QTfmode = Tmodes

Where tmode iS the duration of the elementary
mode,

If the mode is transient, then this is taken into
account using formulas (Gasparyants, 1978).

Calculation of fuel consumption in transition
mode |

QTfmodeioverclocking = kgverclocking : QTfmode’ (8)
j— T
QT_mode_slowdown = kslowdown ' QT_modev (9)
where kgvcrclocking' ksTlowdown are empirical

coefficients that take into account the change in
fuel consumption of the car during acceleration
and deceleration, respectively Lukanin V.N., &
Trofimenko Yu.V., (1996).

https:// www.amazoniainvestiga.info
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As an example, consider the Cummins engine
type CG 250. This engine is normally installed
on the bus PAZ-320412.

According to the classification adopted in
(Lukanin, Buslaev, Trofimenko, & Yashina,
1998), the PAZ-320412 bus with the Cummins

Table 3.
Coefficient values for vehicles of group M3

CG 250 engine installed on it belongs to the M3
category.

The values of the coefficients
Koverclocking KstowdownTOT @ VEhicle of this category
are given in table 3.

Mode kT
Speed Range 0 ... 20 km/ h

Acceleration 6,05
Deceleration 0,24
Speed range 20 ... 30 km / h

Acceleration 8,10
Deceleration 0,14
Speed range 30 ... 40km /h

Acceleration 7,88
Deceleration 0,10
Speed range 40 ... 50 km / h

Acceleration 5,80
Deceleration 0,06
Speed range> 50 km / h

Acceleration 4,08
Deceleration 0,06

The total fuel consumption for the NEDC driving
cycle is calculated by the formula, (g/km)

Zk(QT,mude)k _

T3 _NEDC

4'Zm(QT7mode)m+Zn(QT,m"de)n

Tx_NEDC

2Q: Nepc =

. (10)

Table 4.

where z (Qumode), is the total fuel
k
consumption during the NEDC cycle, g;

Z (Qumode),, - total fuel consumption during
m

the cycle ECE15, g; Z (Qrmode) — total fuel
n
consumption during the EUDC cycle, g.

Shows a comparison of the calculated fuel consumption for the NEDC driving cycle with experimental data.

Results of the calculated fuel

Bus brand consumption for the NEDC driving

cycleper 100 km.

The results of the experimental fuel
consumption per 100 km.

PAZ-320412 42 nv3

45 nm3

Experimental data on the fuel consumption of
this bus per 100 km. showed 49 nm3, and
theoretical calculations of bus fuel consumption
per 100 km. by the proposed method showed 48
nm3.

Conclusions
To assess the traction and speed properties of the

bus, the proposed combined method can be used
which allows one to obtain calculation of fuel

www.amazoniainvestiga.info

consumption which is closer to the experimental
data on a driving cycle. Using the source data of
the vehicle, effective engine performance
indicators are evaluated. A calculation method is
proposed for modeling a test, and experimental
driving cycle of automobile transport with a total
mass of more than five tons is suggested.

ISSN 2322- 6307 il

Creative Commons Attribution 4.0
International (CC BY 4.0)




\

- AMAZONIA

Investiga
Bibliographic references

Abramchuk, F.1., Kabanov, A.N.,
Kuzmenko, A.P., & Lipinsky, M.S. (2011).
Multicriteria optimization of the parameters
of the combustion process of a small car gas
engine. Internal combustion engines, No. 2,
S, 8-13.

Andryukhina, O.S. (2006). Development of a
simplified test cycleto check the technical
condition of gasoline engines of passenger
cars under operating conditionsdis. (Cand.
tech. Sciences). National Transportation
University (NTU), 171 p.

Andryukhina, O.S. (2005). Simplified test cycle
for determining the technical condition of the
car engine. Motorway of Ukraine, Ne 4,
pp. 19-22.

Filipkovskiy, A.l. (1988). Improving the
working process of diesel engines of type
CHN 32/32 based on physical and
mathematical modeling: dis. Cand. tech.
Sciences: 05.04.02 /. - H., - 193 p.

Gasparyants, G.A. (1978). Design, fundamentals
of the theory and calculation of a car. M.:
Mechanical Engineering.

Glagolev, N.M. (1950). The working process of
internal combustion engines. Kiev: state
scientific and technical publishing house of
engineering literature, 480 s.

R Volume 10 - Issue 47 / November 2021 115

Kanilo, P.M., Bey, |.S., & Rovensky, O.1. (2000).
Car and navigation, a middle course vehicle.
X.: Prapor, 304 p.

Kulchitsky, A.l. (2000). Toxicity of automobile
and tractor engines. Textbook allowance /
Vladim. state un-t. Vladimir. - 256 s.

Lukanin, V.N., Buslaev, A.P., Trofimenko, Y.V.,
& Yashina, M.V. (1998). Traffic flows and
the environment. Moscow: INFRA-M, 408 s.

Lukanin, V.N., & Trofimenko, Yu.V. (1996).
Reducing environmental stresses on the
environment during the operation of road
transport. Results of science and technology.
M.: VINITI, T. 19: Automobile and city
transport, S. 90-110.

Sumatohin, D. G. (2012). Improving the
efficiency of developing individual route fuel
consumption standards for city buses
(doctoral studies). Moscow State Automobile
and Road Technical University, Moscow.
Retrieved from http://tekhnosfera.com/

Turenko, A.N., Abramchuk, F.l., & Poyda, A.N.
(2009). Automated stand for research and
development of a gas small-displacement
high-speed internal combustion engine. Road
transport, No. 23, 89-94.

o
v

Creative Commons Attribution 4.0
International (CC BY 4.0)

https:// www.amazoniainvestiga.info ISSN 2322- 6307




