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A METHOD FOR ASSESSING ENERGY EFFICIENCY OF LIGHT-DUTY VEHICLES TAKING
INTO ACCOUNT CHANGES IN THEIR DESIGN PARAMETERS

The present stage of development of the world market of vehicles, in particular, light-duty vehicles (LDVs) is marked by an
increasing variety of types and designs. Therefore, while validating or renewing fleet vehicle of an enterprise, carriers are faced with
the choice of cars setting conditions they can assess using existing fragmentary and cost-effective approaches. However, the latter
ones do not meet the concepts of saving energy and resources. Therefore, the task of choosing an efficient car is complex requiring
a science-based formation of demands and their satisfaction. Existing approaches to the selection and validation of LDVs are sim-
plified and imperfect in terms of transport technology. They do not take into account a) resource and technical properties of LDVs
as a means of transport; b) main design and technical characteristics of LDVs, c) parameters of its operation (running surface,
traffic density, length of the driving cycle, etc.). This article considers a method for assessing energy efficiency of light-duty vehi-
cles, which is based on the scheme of the vehicle operation as a dynamic tool. To develop this method, the provisions of the energy
and resource efficiency theory of a car have been used, namely the calculation schemes of transport operations based on models of
reference prototypes and test operations. These models are able to ensure the reasonable use of the vehicle fleet with design novelty
under the given operating conditions. In order to analyse changes in the parameters of new vehicles and improve the parameters of
transport technology, a universal design of a light-duty vehicle of a generic type has been developed and considered. This structural
pattern covers all options of the vehicle’s design basis. New options for the vehicle design are created by changing the number of
design modules and their parameters. The method proposed for consideration ensures the technical and technological properties of
light-duty vehicles in accordance with the concept of energy and resource conservation in the transport system. The paper develops
methods for comprehensive improvement of transport energy efficiency and formation of requirements for transportation projects of
LDVs taking into account technical and technological factors within their life cycle.
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TI'anvona I. L, Ilivux M. I, Tyces O. B., lllanenxo €. M., Caynak JI. B. Memoo ouinku enepzoepexmugnocmi
asmomooinie manoi 6aHmMaxiCcoOnioNoMHOCII 3 yPaxyeaHHAM 3MIHU X KOHCMPYKMUGHUX NApAMempie

Eman cyyacnoeo possumxy ceimogoco punky asmompancnopmuux 3acobie (AT3) 30kpema asmomobini manoi eanma-
arconiotionnocmi (AMB) xapaxmepusyemvcsi 3poOcmaiouum pisHOMAHIMMSM 3anpOROHOBAHUX 6UAI MA PI3HOBUOIE KOHCPYKYIIL.
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15 00TpYHMYBAHHSL OHOBLEHHSA NAPKY PYXOMO20 CKAAOY NIONPUEMCMBA NEPei3HUKIL SHAXOOSAMbCA neped 8UOOPOM agmomodinis,
BUCYBAIOUU 00 HUX BUMORU, AKI BOHU 30AMHI OYIHUMU 3 OONOMO20I0 ICHYIOUUX NPOMUBUMPAMHUX NI0X00i8, W0 He 6I0N086i-
oaromy icHylouill Konyenyii 30epexcenns enwepeii ma pecypcis. Bci idomi ichyioui nioxoou eubopy ma oorpyumysanus AMB
€ CNPOWeHUMY Ma HeOOCKOHAUMU 3 MOYKU 30PY CYUACHUX MPAHCNOPMHUX MeXHONozitl. Bonu ne 8paxosyroms pecypcHo-mex-
Hiuni enacmusocmi AMB sk 3acoby nepesesents, 0OCHOBHI KOHCMpPyKmusHo-mexuiuni xapakmepucmuxu AMB, napamempu
1020 excnayamayii. B 0awii cmammi po3enioaemvcs Memoo oyiHKu eHepeemuyHoi ehekmueHocmi asmomooinie maioi éanma-
ACONIOUOMHOCII, KU 3ACHOBAHO HA CXeMI (YHKYIOHYBAHHA A8MOMO0INA AK OUHAMIUHO20 3aco0y npayi. /[ po3podKu 0ano2o
Memooy 6yn0 BUKOPUCIANO NONOJICENHS MEOpIi eHepeopecypcHoi e(pekmusHoCImi agmomooiiia, a came UKOPUCTAHHS PO3PAXYH-
KOBUX cXeM MPAHCHOPMHUX ONepayil, Wo 3aCHO8aKI Ha MOOeNAX emAaloOHHUX Npomomunie i mecmosux onepayisx. Lfi mooens
Maromy 3moey 3abesneuumu 00IPYHMOo8aHe BUKOPUCTIAHHS PYXOMO20 CKAAOY 3 KOHCIPYKIMUGHOIO HOBU3HOIO 8 3AOAHUX YMOBAX
excniyamayii. J{ns Mookciugocmi ananizy 3minu napamempie HO8UX A8MOMPAHCHOPMHUX 3Ac00i8 ma YOOCKOHANEHHS Napa-
Mempie mpaHcnopmHux mexuoioeit, 6yna po3podnena ma po3eiaHyma yHigepcanibHa CMpyKmypa agmomooins manoi eanma-
ICONIOTIOMHOCIT Y3A2aNbHIOI0H020 Muny. L cmpykmypHa cxema 0Xonuioe 6¢i 6apianmu KOHCMPYKMugHo20 6a3ucy agmomooins.
Hosi sapianmu KoHcmpyKyii asmompancnopmmuoz2o 3acoby (opmylomscs 3a 00noMo2010 3MiHU KilbKOCHi KOHCMPYKMUSHUX
Mooynie ma ix napamempis. Memoo, wo npononyemuvcsa 00 posensidy 3a6e3neyye mexHiko-mexHoN02iuHi AKocmi agmomooinia
manoi eanmansiconiotiomHocmi y 810nogioHocmi 0o Konyenyii 36epedicentsi enepeii i pecypcie 6 mpaHcnopmuitl cucmemi.
KitrouoBi ciioBa: agmomobini manoi 6anmasiconiotioMHOCi, KOHCIMPYKMUGHI Napamempu, eHepeis ma pecypcu.

Introduction. Light-duty vehicles (LDV) are increasingly being used by carriers to deliver small-batch
cargos. This is especially true for urban transport with heavy traffic of vehicles. It is characterised by energy-
and resource-intensive modes, which leads to intensive wear of vehicle parts and assemblies. However, when
choosing a new fleet or updating the existing one, carrier customers need to substantiate and evaluate the proposals
presented on the vehicle market that would meet the concept of energy and resource conservation. The existing
methods for selecting a fleet are very simplified and not perfect in terms of transport technology [1]. These methods
do not take into account a) the resource and technical properties of the vehicle as a means of transport; b) basic
design and technical specifications; c) parameters of its operation (rolling surfaces, traffic intensity, route length,
vehicle load, etc.). Therefore, there is a need in developing and using a new method that will be based on a system
of consumer-oriented and coordinated design and transport innovations of a light-duty vehicle [2].

Besides, when choosing a fleet, it is necessary to pay attention to meeting the needs of cargo delivery
customers in the provision of road transport services, namely, ensuring continuous operation at a sufficiently high
level and with the appropriate quality.

When creating a new fleet, the expenses on design innovations are borne by the buying carrier. The carrier,
in their turn, is interested in the long-term improvement of the economic and technical competitiveness of their
services, which will be in line with the concept of energy and resource conservation. The fleet competitiveness
is determined by a set of its properties that characterise the degree of meeting the needs to the level of consumer
and work utility of the vehicle compared to the best analogues of this size [3].

The most important strategic goal of the carrier is to develop the energy-saving technology in road transport
systems. This goal can be achieved by using a set of models to manage the energy and resource efficiency of a generic
vehicle. This complex is based on the prerequisites necessary to model the of use of vehicle resources in future
operating conditions, as well as the principles of resource conservation. Using the models of the target function
of energy and resource efficiency, as well as efficiency models of vehicles with variable parameters and methods
of theoretical synthesis of the structure of a generic type of motor vehicle, a composite model for future transport
conditions is formed based on the principles of resource-saving technology. Such a model makes it possible to
substantiate the fleet technical parameters with technical novelty under conditions of future operating parameters [4].

The main part. The efficiency of a light-duty vehicle in the method under consideration is assessed using
the provisions of the theory of energy and resource efficiency of the vehicle [5]. This theory allows assessing
the vehicle as a carrier of transport technical resources, which has eight properties. Its main properties important for
performing transport operations and ensuring adaptive and discrete functioning are a complex machine, a dangerous
traffic control object, a vehicle, a potential maintenance object, tools for technological machine effects (machine
procedures), and a design and technological basis for resource transformation processes. Therefore, when solving
the given tasks, mathematical models of justification of the motor vehicle are used based on the energy scheme
of resource transformation in transportation into a transport product as a dynamic tool in movement.

When determining the energy and resource efficiency of LDVs, it is necessary to take into account the factors
of the intensity of transient processes (acceleration). This, in its turn, leads to an increased energy consumption,
increased wear of units and tyres, and deterioration of environmental performance due to unstable operation
of the power train. In addition, during intense transient processes, the stability of the bonds between the wheels
and the road is disturbed, which directly affects road safety and increases energy losses in the places where the wheels
come into contact with the road surface.

It should also be noted that the main feature of vehicles designed for further sale and use is a change in their
design parameters relative to the previous models. This fact is not taken into account in the subsequent vehicle
operation. In view of this, a method for assessing energy efficiency of light-duty vehicles with regard to changes in

ISSN 2521-6643 Cucremu Ta Texaouorii, Ne 1 (65), 2023 101



their design parameters has been developed and proposed. The method uses the developed scheme of the parametric
structural design of a light-duty vehicle of a generic type (Fig. 1) [5].
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Fig. 1. Scheme of the LDV parametric structural design as a technical means of transport production:
U,, U,, U, U, — control; Q, — fuel flow; G, — cargo batch mass; W, — physical product of transport;

EIIIA — energy-converting device of LDV; BHITA — load-carrying device of LDV; I'TIA — braking device of LDV;
PITA — steering device of LDV; KM — structural modules; KM 1.1 — energy source (engine); KM 1.2 — energy
transformation (gearbox, final drive); KM 1. 3 — energy distribution (inter-wheel differentials, inter-axle differentials,
and power take-offs); KM 1.4 — wheel traction module (a pair of drive wheels); KM 2.1 — body;

KM 2.2 — frame (skeleton); KM 2.3 — suspension; KM 2.4 — chassis modules; KM 3. 1 — brake pedal and brake actuator;
KM 3.2 — brake mechanism; KM 3.3 — brake wheels (axles); KM 4.1 — steering wheel and steering mechanism;
KM 4.2 — steering actuator (steering trapezoid and steering rods); KM 4.3 — steering wheels (front)

According to this scheme, the vehicle moving with a load is based on converting the internal energy
of the engine into a momentum impulse, namely, the carriers of technological resources of transport (in the
form of an equipped car) combined with physical (road properties) and mode (movement time) resources
create production resources that are converted into energy consumption for moving the vehicle’s operating
mass. Then energy consumption is converted into a physical product (controlled momentum impulses
of the vehicle’s operating mass). Part of these impulses is cargo transportation AW. The higher the overall
level of energy consumption, the longer the route travelled by the vehicle. The greater the intensity of energy
consumption, the higher the vehicle speed and the less the amount of transport resource consumed (the travel
time factor).

E()« - PmAt > Vem VAt - AW (1)

where ¢ is the vehicle’s carrying capacity; v,, is the coefficient of using the vehicle’s carrying capacity; P, is
the vehicle’s traction force; At is the vehicle’s travel time; V is the vehicle’s average speed.

The processes ensuring the vehicle’s movement and the conversion of the engine’s internal energy are
provided by two main devices of the vehicle structure: ECD and LCD. The former converts the chemical energy
of the fuel into the kinetic energy of the load, and the latter transfers the load mass to the rolling surface through
the wheels. In other words, the generalisation of the vehicle design is achieved by a modular description of its
energy-converting and load-carrying devices. The energy conversion and load transportation achieved in the given
vehicle design option is ensured by a targeted choice of the structure and parameters of its functional modules.
The flexibility of the vehicle’s technical parameters within the description of elements of the vehicle size range is
based on the representation of the vehicle design as a certain set of parametric structural characteristics. The choice
of the characteristics and parameters of these devices should ensure energy efficiency maximisation of the vehicle
design [4]. In this case, ECD is the engine and elements of the energy transmission to the wheel-traction module,
and the load-carrying device (LCD) is the LDV body.

The scheme of the LDV design base includes four devices: ECD, LCD, BD, and SD. The first two devices
consist of four structural modules (SMs). The third and fourth devices include three SMs each.
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Assessment and analysis of the technical and economic performance of the fleet should be carried out based
on the strategy of improving the energy efficiency indicator accepted as the main indicator of the vehicle consumer
property within the concept of saving energy and resources in the transportation process [5]. This indicator is
the ratio of transport energy efficiency of the given vehicle in the test operation p to transport energy efficiency
of the reference vehicle in the reference operation p,,:

K
Il :L %_)max’ (2)

‘ pem _Ke(no'i'ycm)

where K, is the speed coefficient (the ratio of the average speed of the vehicle in the test cycle to the speed
of the reference vehicle); vy,, is the static load capacity utilisation factor; K, is the energy mileage coefficient (the
ratio of the fuel consumption of the vehicle in the cycle to the fuel consumption of the reference vehicle moving
at a constant reference speed); 1, is the curb weight coefficient of the vehicle.

Maximisation of P, indicator ensures an increase in the level of the energy-saving transport technology in
accordance with the concept of energy and resource conservation. This indicator must be considered in conjunction
with the fuel efficiency indicator P,,, which is the ratio of the fuel consumption of the vehicle in test operation p, to
the fuel consumption of the reference vehicle in the reference operation p,,,,:

7, =P 5 min 3)

eq
pnem

To improve the traction and speed properties of vehicles, manufacturers implement a strategy to maximise
engine power N,,. However, there are no methods for assessing the impact of changes in this feature on
the efficiency of light-duty vehicles in small-batch transportation. In their turn, leading auto manufacturers offer
engines with different maximum power values for individual orders. It should be noted that these properties are
purely promotional, as there is no method to analyse the impact of N, on the performance indicators of LDVs
and small-batch transportation.

Having analysed the graphs of the impact of the change in N, on the indicators of its energy efficiency P,
(Fig. 2), it is clear that the curve has a decreasing almost linear nature, and with an increase in the power value, this
indicator decreases. This shows that an increase in this feature would be inappropriate, especially since this also has
a negative impact on the fuel efficiency indicator P,,.

The mathematical models of the considered indicators have been adapted for modelling and parametric
analysis of various factors on the indicator of the transport energy efficiency of LDVs with variable technical
and operational characteristics for the requirements of different consumer carriers.
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Fig. 2. Graphs of the dependence of the energy efficiency indicators P, and P,, of Mercedes-Benz Viano
on the maximum engine power N,,,. (kW)
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Conclusions. It has been established that by creating a system of consumer-oriented and coordinated design
and transport innovations of the light-duty vehicle, it is possible to improve the technical and technological properties
of the LDVs and the provided road transport services.

The article develops a scheme of the parametric structural design of the LDV, which allows its assessment
as a technical means of transport manufacturing, and optimisation of the vehicle parameters to ensure efficient
resource-saving provision of road transport services.

The proposed method allows evaluation and selection of the parameters of LDVs that will correspond to
the development of the transport system in accordance with the concept of energy and resource conservation.

The results obtained can be used to justify and update the fleet at transport enterprises that serve customers on
a regular basis with pre-known routes with specifically defined parameters.

Bibliography:

1. Kosasnenko B.M., lllypixin B.K., Mamuka H. b. BantaxxHi aBTOMOO1IBHI ITepeBe3¢HHS : MiAPYYHUK. KHiB :
Jlitepa JIT/I, 2006. 304 c.

2. XaOytaiHos, P. A. [TigBUIIEHHS CMIOXKMBYMX BIACTHBOCTEH aBTOMOO1IIB Maioi BAHTaXKOIIIHOMHOCTI, K
CKJIaJIHUX HAyKOBO-TEXHIYHUX TOBapiB. Bichux HTY. 2011. Bum. 24. Y. 2. C. 240-243.

3. Pitsyk M., Halona I. Operational analysis method for the light duty vehicles considering the transportation
conditions by the criterion of their energy resource efficiency. Modern engineering and innovative technologies.
2021. Ne 15. P 75-79.

4. XabytainoB P. A., Ilinuk M. I. Amnani3 exclulyaTanifHO-TEXHOJOTIYHHX XapaKTEPUCTHK MiCBKUX
aBTOOYCiB. BicHux HayionaibHo2o mparcnopmuoo yHisepcumeniy. 2008. Bumyck 17. C.160-163.

References:

1. Kovalenko, V. M., Shchurikhin, V. K., Mashyka, N. B. (2006). Vantazhni avtomobilni perevezennia
[Freight road transportation]: Textbook. K.: Litera LTD.

2. Khabutdinov, R. A. (2011). Pidvyshchennia spozhyvchykh vlastyvostei avtomobiliv maloi vantazho-
pidiomnosti, yak skladnykh naukovo-tekhnichnykh tovariv [Improving the consumer properties of light-duty
vehicles as complex scientific and technical goods]. Bulletin of NTU, (24), 240-243.

3. Pitsyk, M., Halona, I. (2021). Operational analysis method for the light duty vehicles considering the trans-
portation conditions by the criterion of their energy resource efficiency. Modern engineering and innovative tech-
nologies, (15), 75-79.

4. Khabutdinov, R. A., Pitsyk, M. G. (2008) Analiz ekspluatatsiino-tekhnolohichnykh kharakterystyk miskykh
avtobusiv [Analysis of operational and technological characteristics of city buses]. Bulletin of the National Trans-
port University, (17) 160—163.

104 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 1 (65), 2023



