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Purpose. The research features calculation of analytical methods of management tasks under the condi-
tion of rational energy consumption in the transport process performed by the car adhering to the high level of
both traffic and environment safety. The work analyses analytical dependence of defining the quality of trans-
portation vehicles which meet customer requirements based on quality performance according to energy esti-
mation.

Methodology. Determination of the analytical model for the evaluation of the hybrid power plant technical
condition of the test cycle mode velocities from 30 to 60 km/h is developed. It determines the operation comple-
tion of the electrical installation and operation start of the internal combustion engine (ICE) according to car
speed motion by means of analyzing the energy loss of hybrid power plant depending on diverse operation condi-
tions to engineering decision.

Findings. The choice of synergistic approach in research performing is grounded. The system of evaluation
of technical condition of hybrid vehicles depending on the mode of their working conditions is improved. Simul-
taneous estimation of the performance of two power flows, from the ICE and electric motor drive, is also pro-
vided. The basis of the research of energy costs of electric power unit of a hybrid vehicle is characterized by the
steady movement of the vehicle when the control loop based on the energy balance, depending on the average
speed.

Originality. For the first time, the interrelation between the technical condition of the hybrid power plant
(HPP) and working modes is determined on the basis of the energy principle.

Practical value. The method for determining the hybrid power plant boundary condition, which will improve
the system of maintaining and repairing hybrid cars at service stations, is designed.

Keywords: hybrid power plant, transport machine, energy estimation

Introduction. The issue of energy saving is im-
portant in the energy usage for transportation. In this
regard, a vehicle cannot be an exception. Moreover,
for vehicles this question is of particular importance
because nowadays a vehicle is becoming almost the
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most common technical tool used by people in their
practice.

It is generally accepted to consider that it is not
wealth that makes us the great nation, but the way how
efficiently we create it. In relation to the vehicle it is
possible to say that “it is not about what volume of
transportation we perform by car, but how efficiently
we make it, what the energy costs are”. In this regard,
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the approach to quality assessment of synergistic cars
should be different.

Unsolved aspects of the problem. The works of
the following authors are the most valuable for the for-
mation of methodological framework of the diagnos-
tics systems of vehicles:

- the general methodology outlined by Mirosh-
nikov L. V. and used in the practice of technical op-
eration, is taken as the basis while developing the
methodology for assessing the technical condition of
HPP;

- calculation methodology for the basic parameters
of HPP designed by Surin E.I., Umniashkin V.A.,
Alexandrov A. K., and Vasiliev V. A., provided the ba-
sis for the mathematical model working to determine
the reference values of diagnostic parameters.

Technical condition assessment and finding of
HPP defects (based on the results of scanning of an
electronic control system) is currently performed by
the method of detailed test that does not provide
high quality diagnosis, occurring in additional labor
costs and the complexity of the diagnosis process.
Insufficient level of validity in the diagnosis results
in mistakes during repairs and damage of the expen-
sive elements of hybrid drive. Repairs are compli-
cated due to the lack of necessary diagnostic equip-
ment.

Summarizing the existing experience, it is possible
to make a conclusion that the developers of HPP diag-
nostics go through separate control of the technical
condition of the internal combustion engine and elec-
tric drive systems, albeit without evaluation of their
relationship.

The most common types of vehicles are those with
HPP of mixed type (about 80 %). Information about
HPP failures and the reason for their occurrence is not
well known and virtually is not systematic. Since the
mixed type scheme is the most common and the most
difficult to diagnose, it is paid the largest attention
while developing the methodology.

In the mixed HPP scheme the power generated by
the internal combustion engine can be transmitted to
vehicle wheels depending on the driving mode into
two streams: mechanical stream, through the device of
power distribution, and electric stream, through elec-
tric motors-generators and high-voltage battery. To
build power to the drive wheels, the ICE and the high-
voltage battery can work both separately and together,
which makes the assessment of the technical condition
of HPP difficult.

Analysis of the recent research and publica-
tions. As it is shown by various studies there is urgent
necessity to measure simultaneously both the actual
amount made by useful work of a vehicle and the
quantity of energy expenditure, and according to it to
assess the transport process as a whole with the most
important criterion, which is the coefficient of effi-
ciency.

In this regard, it is appropriate to remind the words
of the great Italian scientist G. Galilei: “to measure ev-
erything that is measurable, and make measurable
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what is not so”. The great Russian scientist D. 1. Men-
deleev clearly appreciated the role and importance of
measurement and, pointed that “in the nature, the
measure and weight are the essence of the main instru-
ments of cognition. Science begins with measure-
ment”.

Fuel oil as an energy source has very high spe-
cific characteristics: in particular, 1 kg of gasoline
contains 11.6 kWh of energy. Batteries of any possi-
ble electro-chemical systems have the theoretical
amount of energy which is 6—10 times as small. For
this reason, the issues of rational use of available
electric energy are essential for electric traction sys-
tems of all types.

Let us note that electric traction systems have much
smaller energy losses than systems with heat engines,
including internal combustion engines. The efficiency
coefficient of existing heat engines is 25—30 %, so only
about 3 kWh/kg of energy density of the fuel is effec-
tively used at the output of the engine.

The energy consumed by one electric car would
approximately be 3.4 MWh/year, or 9.3 Wh/day [1].

The efficiency degree of electrochemical accu-
mulator energy (with the modern state of the equip-
ment) can be much higher and the achieved level of
electric motors efficiency is 85—90 %. Thus, the use-
ful energy density level of the electro-chemical
sources may reach 25—30 % of the above mentioned
values of the heat engine output. The approximate
calculation shows that while essentially losing the
original theoretical energy of energy carrier, electric
traction systems can partially compensate this in im-
plementing existing opportunities for its more effec-
tive usage. This fact is important while assessing the
prospects of development of environmental friendly
vehicles.

Objectives of the article. The purpose of this
work is investigation of the management objectives of
a power plant with rational energy consumption in the
transport process performed by a vehicle following the
highest level of safety. The approach to the formation
of the hauling rig structure is considered which allows
reducing energy costs for transportation work signifi-
cantly.

Presentation of the main research. In accor-
dance with the principle of its action, a vehicle per-
forms some mechanical work due to the thrust force
applied to the drive wheels of the vehicle; based on the
expanded equation of the traction balance of the ve-
hicle, which is adopted in the theory of vehicle, for the
common case of rectilinear motion of a vehicle the
work should be determined by the formula

A=Fx - S=m-g-y+ Wy, tv,)’+tm-r-al-S,

where A iswork, J (N - m); Fxis traction force, H; .S'is
way, m; m = m, + m, stands for the gross weight of a
vehicle, kg; m,, is proper mass of a vehicle, kg; m, is the
mass of payload, kg; v = f* i stands for the coefficient
of road resistance; f is rolling resistance coefficient;
i is the longitudinal slope of the road (“+” mark cor-
responds to the movement on rise, “—” mark corre-
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sponds to the downhill operation); Wy is factor of
streamlining, N - s2/m?; v, is vehicle speed, m/s; v, is
wind speed, m/s (“+” mark refers to headwind, “-”
mark is for tail-wind); m - » - a stands for inertia force,
N (“4+” mark corresponds to acceleration, “—” mark
corresponds to deceleration); 7 is the factor of the ro-
tating masses of a car; a = v, /dt is the absolute value of
acceleration or deceleration, m/s>.

Thus for a vehicle moving in a set mode (motion with
constant speed) and while there is no wind, we have

A=Fx-S=(m-g-y+ Wpt?)-S.

Taking into account the fact that a vehicle is a power
machine and, as it is known from physics, it is common
practice to assess power machine performance accord-
ing to their capacity, and based on the expanded power
balance equation, adopted in the theory of the vehicle,
it is necessary to take the power to the drive wheels of
the vehicle as a vehicle performance measurement,
which at any time of vehicle movement is equal to

P:NK:FK'Ua' 10_3:
=lm-g-y+ Wy, xv,)’+m-r-al] v, 1038,

where P is vehicle performance, kV; Ny is vehicle
power (power on the drive wheels), kV.

As it is seen, the performance is equal to the prod-
uct of the force (traction) by speed.

Thus for the case of vehicle movement at constant
speed and absence of wind we get

P=Ng=Fx-v,-103=(m-g-y+ Wz 02,1073,

Currently, among the performance indicators of a
vehicle, special place should be taken by fuel efficien-
cy. At the same time it is advisable to use the coeffi-
cient of efficiency (CE) as a generalizing (integral) in-
dicator of fuel efficiency of the vehicle.

As it is known, the coefficient of efficiency is deter-
mined for any system by the formula

n=E,/E,

where E, is the energy absorbed by the system; E'is the
energy received by the system.

It should be recognized that the efficiency coeffi-
cient of a vehicle is a very necessary concept which al-
lows not only estimating the fuel consumption, but
also comparing the most completely and “fairly” the
vehicles and choosing the right directions of their im-
provement.

The term the efficiency coefficient of a vehicle de-
notes the ratio of the power of the N, i.e. the power
supplied to the drive wheels (developed by the vehicle
power) consumed — power Ng= ¢ - G, i.e. the power
supplied to a car. Therefore, the efficiency coefficient
of a vehicle as the power plant is represented by the
ratio of power Ny to power Ny

non - Ne Ny
N, qG

where 1, — the efficient coefficient of a vehicle as a
power plant.
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Therefore, the fact that the power of Ny is useful is
beyond question, if a car is considered as a power
plant.

When considering car movement, it is deemed ap-
propriate to deal with the rolling resistance coefficient
frather than with the coefficient of rolling friction f7,
the former is defined by the formula

.
P b
where Fyis power applied to the wheel, N; P is the
gross vehicle weight, N.
In this approach, the force FJ, required to maintain
even motion of a vehicle, should be determined by the
formula

F=f P=f-mg

However, in reality the force prevents steady mo-
tion. Under real traffic conditions the lifting force and
the drag force of the air environment occur.

In accordance with this approach, the common
formula characterizing the process of vehicle steady
motion, looks like this one

FK:F}+F0+FB:
=m-g(fri)+Wp-vz=m-g-y+ Wg-uvg,

where Fy is force applied to the drive wheels of a ve-
hicle, N; 7 is road slope; y = f'+ i stands for the coeffi-
cient of road resistance.

As it is known, the equation represented by the for-
mula, is called the equation of the traction balance.

As it is seen, the right side refers to the power load
external to a vehicle rather than the magnitude of loss-
es; to overcome the former, the force Fyis spent, and
consequently a vehicle moves along the road.

If the left and right parts of the equation are multi-
plied by the value of v - 1073, it is possible to obtain an
equation that is called the power balance equation

Neg=(m-g-y+Wg-0l) 1073,

Based on the above mentioned material, the effi-
ciency coefficient of a vehicle as a power plant should
be determined by the formula

N, _(m-g-y+W,V.})107
G gG '

To substantiate the appropriateness of this ap-
proach to the calculation of the efficiency coefficient
of a vehicle as power plant, let us consider the fuel
consumption changes and electronics of hybrid car de-
pending on the average vehicle speed [2].

Electric traction systems have much less energy
loss than systems with internal combustion engines
(ICE). The efficiency coefficient of existing internal
combustion engine hybrid power units (HPP) is from
32 to 36 %, so only about 3 kWh/kg of energy density
of the fuel is effectively used at the output of the inter-
nal combustion engine.

The degree of energy usage of an electrochemical
battery is much higher, and the efficiency coefficient

N=N, =
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of electric motors is 85...90 %. Thus, the level of effi-
ciently used energy density of the electrochemical
sources reaches 25...30 % of the present value at the
internal combustion engine output. This calculation
shows that it significantly loses in the original theo-
retical energy of energy carrier, electrical traction sys-
tems can partially compensate for. This occurs at real-
ization of existing opportunities of its more effective
usage. This fact is of great importance while assessing
the prospects of development and assessing technical
condition of electric traction systems and for hybrid
approach of its creation.

The method of energy balance was used as the base
of the energy cost research for the electric powertrain
of a hybrid vehicle. From the analysis of HPP struc-
tures and schemes it follows that any electric power
plant consists of the following power modules, carry-
ing out consecutive energy conversion: traction batter-
ies, inverter, controller, traction motor, and transmis-
sion.

The general equation of electrical power plant bal-
ance of a hybrid vehicle in a driving mode with the
electric traction will be

E,+E.=P,+P+P,+P.+ P,

where E, is power from the battery; E, is energy re-
covery; P,, P;, P,, P.are energy losses in the power
plant modules — accumulator battery, inverter, motor,
and transmission; P, is energy loss when driving a hy-
brid vehicle.

In addition to the energy balance, it is approved to
consider the equations of power balance that is pri-
mary in relation to the energy balance. However, the
test conditions of the power plant of a hybrid vehicle
are characterized by the steady-state motion of a ve-
hicle at given speed. In this regard, this is the energy
balance of the hybrid power plant prepared for the
control of the driving movement cycle which is of great
value [3].

The most effective hybrid test cycle is within the
real speeds of 30...60 km/h. Therefore, it is advisable
to carry out assessment of the hybrid powertrain tech-
nical condition particularly for this cycle, which deter-
mines the powertrain work completion using the ve-

=

s

=~
o»—ww-buwc\\loog

0 10 20 30 40 50 60 70
V,, km/h

Fig. The energy E change received by vehicle, de-
pending on the average speed V,:

1 — while running with gasoline; 2 — in EV mode
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hicle motion speed and the beginning of enabling ICE
operation. The equation of energy balance gives much
more information for cyclic calculations than the
equation of power balance; in addition, the energy
consumption per cycle is a very important indicator of
assessing the technical condition of HPP. These are
the graphs of power consumption depending on aver-
age speeds below (Figure).

As it follows from the Figure at average speed of
50 km/h the petrol consumption of the electric vehicle
will be at low average speeds up to 40 km/h. At the
average speed over 60 km/h it is efficient to use the
vehicle in mode with a gasoline engine. This is because
the efficiency coefficient of the electric engine reduces
when the load is close to maximum, and the efficiency
coefficient of a gasoline engine increases and will be
maximum at medium loads.

Conclusions and recommendations for fur-
ther research. On basis of the analysis of the energy
loss of a vehicle with HPP, it follows that at low me-
dium speeds of about 5...20 km/h it is very effective
to use the driving mode on the electric range, and at
medium speeds of above 60 km/h it is worth driving
with the use of internal combustion engines. It is ob-
vious that hybrid vehicles use the energy effectively
to perform transport work unlike other types of ve-
hicles.
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Merta. [docnimxeHHsI 0COOIMBOCTEN PO3paxyH-
KOBUX aHAIITUYHUX METOIIB 3a1a4i KepyBaHHS CHJIO-
BOIO YCTAaHOBKOIO 3a pallioHaJlbHO1 BUTPATU €HEepril
IpY TPAHCIIOPTHOMY TIPOIIECi, 3MiICHEHNM aBTOMO-
OijieM, JOTPUMYIOUUCH BUCOKOIO PiBHS SIK Oe3meKu
pyXy, TaK i €KOJOTiYHOI 0e3neKr. AHali3 aHaJliTH4-
HUX 3aJIeXKHOCTE BUSHAUCHHS SIKOCTi TPAHCTIOPTHUX
MalllMH, 110 BiAIOBiZalOTh BUMOIaM CIIOKMBaya Ha
OCHOBI BiIOOPY MOKa3HUKIB SIKOCTi 32 EHEPreTUYHOIO
OLIiIHKOIO.

Metoauka. BusHadeHHs aHaJdITUYHOI MOIEIi
OLIIHKM TEXHIYHOro CTaHy TiOpUIHOI CUJIOBOI ycTa-
HOBKM JUISI BUTIPOOYBAJIBHOTO IIUKITY B PEKUMI IITBUI -
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kocreit pyxy 30...60 km/rom, 110 3a IIBUIKICTIO PyXY
aBTOMOOLIS BU3HAYa€ 3aKiHYEHHSI pOOOTU €JIeKTPO-
YCTAaHOBKHM Ta IOYATOK pOOOTH IBUTYHA BHYTPillI-
Hboro 3ropsHHsS (JIB3), 3a momomoroio aHaii3y
€HEepreTUYHUX BTPAT riOpuIHOI CUJIOBOI YCTAHOBKH B
3aJIeXKHOCTI Bif pi3HOMAHITTS yMOB €KCILIyaTalii K
TEXHIYHUM pillIeHHSIM.

Pesynbsratii. OOrpyHTOBaHO BUOIp CMHEPIreTUY-
HOTO Tiaxony MpY BUKOHAHHI JOCiIKEeHb. YIOCKO-
HaJleHa CHUCTeMa OLIHKM TeXHIYHOTo CTaHy Tiopui-
HUX aBTOMOOLJTiB y 3aJIEXKHOCTI BiJl pEXKMMY Ta YMOB iX
poboTu. A TaKOX MpeACTaBieHa OMHOYACHA OILliHKa
pobotu ABoxX MoTokiB motyxHocTi: Big JIBC i Bin
enekTporpuBony. OCHOBa IOCITIIKEHHSI eHepreTUI-
HUX BUTPAT €JEKTPUUHOI CUJI0BO1 YCTAHOBKM TiOpUI-
HOT'O aBTOMOOIIST XapaKTepHU3YETHCS CTAIUM PYyXOM
TPAHCIIOPTHOTO 3aCO0y MpU KOHTPOJIBHOMY IIMKIIi,
BUXOASIYM 3 OalaHCy eHeprii, y 3aJIeXKHOCTI Bij cepen-
HbOI IIBUIKOCTI PYXY.

HaykoBa HoBu3HA. Yreplile Ha 0a3i eHepreTuy-
HOTO MPUHIIMITY BCTAHOBJIEHO B3a€EMO3B’SI30K MiX
TeXHIYHMM CTaHOM TiOpUIHOI CUJIOBOI YCTAaHOBKM
(I'CY) i pexxrumamu poOOTH.

IIpakTuyna 3HayuMmicTb. Po3pobieHo Meron
BU3HAUYEHHS TPAaHUYHOIO CTaHy TiOpUAHOI CUJIOBOI
YCTAaHOBKM, IO BIOCKOHAJIHUTH CUCTEMY CEPBICHOTO
00CyroByBaHHSI Ta PEMOHTY TiOpUAHNUX aBTOMOOiIiB
Ha CTaHLIisIX TEXHIYHOTO 00CIyrOByBaHHSI.

KimouoBi ciioBa: eibpuouna cunosa ycmauoska,
MPAHCNOPMHA MAUUHA, eHep2eMUYHA OUIHKA

Ienn. MccnenoBanme ocodeHHOCTE pacyeTHBIX
AHAJIMTUYECKUX METOMOB 3a/1auyd YIpaBICHUST CUJIO-
BOI1 yCTAHOBKOI MIPY pallMOHAJILHOM Pacxojie SHep-
TUHM TP TPAHCIIOPTHOM IIpoliecce, COBepIIacMOM
aBTOMOOMIIEM, COOJTIOIAsT BEICOKMIA YPOBEHbB KaK 0e3-
OITACHOCTH JBIDKEHUS, TaK U KOJIOTUIECKOM 0e30-
MACHOCTH. AHAJINU3 aHAIUTHUIYCCKUX 3aBHUCHUMOCTEH
oIpee/ieHNs] Ka4eCcTBa TPAHCIIOPTHBIX MAllUUH, OT-
BeyalolIKX TpeOOBaHUSIM IOTPeOUTENIsI, HA OCHOBE
CHCTEMHOTO 0TOOpa IoKa3aTelieil KaueCTBa 10 SHep-
TETUYECKOM OLIEHKE.
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Metonuka. OmnpenejieHUe aHAJIUTUYECKOU MO-
JIEJT OLIEHKW TEXHWYECKOTO COCTOSTHUSI TMOPHMITHOMN
CUJIOBOI YCTaHOBKU IUISI MCITBITATEILHOTO 1IMKJIA B
pexume ckopocrteil nBukeHust 30...60 KM/4, KOTO-
PBIiA IO CKOPOCTH IBVKCHUST aBTOMOOWUIST OTIPEIeIsI-
©T OKOHYaHME PabOTHI JIEKTPOYCTAHOBKM W HAYaJIO
pabothsl ABUTaTENs BHYyTpeHHero cropanus (JIBC), ¢
TMIOMOIIIBIO aHAIM3a SHEPTEeTUUECKUX MMOTePb TMOPUI-
HOM CUJIOBOM YCTAaHOBKH, B 3aBUCUMOCTU OT MHOTO-
o0pa3us ycIoBUI SKCIITyaTallui K TEXHUYECKUM pe-
LICHUSIM.

Pe3yabraTbl. O6G0CHOBAH BHIOOP CUHEpPTEeTHUYE-
CKOTO TMOIXO0Na TIPU BBITTOJTHEHWM WCCIIEIOBaHUIA.
YcoBepIIeHCTBOBaHA CHCTEMa OIIEHKHW TEXHUYE-
CKOTO COCTOSTHUSI TMOPUIHBIX aBTOMOOMIJICH B 3a-
BHUCHMOCTH OT PEXMMOB M YCJIOBUI MX pabOOTHI, a
TaKKe IpenocTaBIcHAa OMHOBPEMEHHAs OlIeHKa pa-
60T AByX MOTOKOB MoltHocTH: oT ABC u oT snek-
TporpuBona. OcHOBa MCCIEIOBAHUSI dHEpPreTUYE-
CKHX 3aTpaT 2JIEKTPUUYECKOU CUJIOBOM YyCTAaHOBKU
TMOPUIHOTO aBTOMOOWJIS XapaKTepU3yeTcsl ycTa-
HOBUBIIMUMCSI JBUXXEHUEM TPaHCIIOPTHOIO Cpel-
CTBa IPM KOHTPOJILHOM ITUKJIE, MCXOAST U3 OajlaHca
9HEPTUU, B 3aBUCMMOCTU OT CpeIHeil CKOPOCTHU
IBVKCHUS.

Hayunas HoBu3Ha. BriepBbie Ha 6a3e sHepreT-
YeCKOTO IMPUHIIMIIA YCTAHOBJICHA B3aMOCBSI3b MEXK-
Iy TEXHUYCCKUM COCTOSTHUEM TUOPHIHON CUIIOBOM
yctaHoBKH (I'CY) u pexxuMmamMu paGOTHI.

IIpakTnyeckass 3HauuMocTb. PazpaboraH me-
TOM OIpeleeHUs] TPAHUYHOIO COCTOSIHUSI TMOPUI-
HOM CUJIOBOM YCTAHOBKM, KOTOPBIN YCOBEPIIEHCTBY-
€T CHUCTEMY CEpBUCHOTO OOCIY>KMBAaHUS U PEMOHTA
TMOPUIHBIX aBTOMOOUJIEH Ha CTAHIIMSIX TEXHUYECKO-
ro o6CIyKBaHUSI.

KuroueBble ciaoBa: eubpudnas curosas ycma-
HO6KA, MPAHCNOPMHAA MAULUHA, dHepeemu14ecKas
oueHKa

Pexomendosarno do nybaikauyii dokm. mexH.

nayk O. 4. Hikonosum. Jlama Hadxo0xceHHs pyKo-
nucy 20.09. 15.
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