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Abstract:

Introduction: Hybrid technology has been successfully incorporated into
the industry of passenger and commercial vehicles. Driven by the success
and benefits that hybrid technology brings, many defense organizations
around the world invest in the development of hybrid technology for
combat vehicles and develop prototypes of tracked combat vehicles which
have lower fuel consumption, better performance, better exhaust
emission, and additional onboard electric power. However, various
technical challenges must be resolved before it comes to the introduction
of hybrid tracked combat vehicles in operational use. Several successful
tests of prototypes have been conducted so far, but there are still
restrictions on key technologies such as electric motors, electronics, and
storage of electricity. In such conditions, where finance is limited, mistakes
cannot be allowed nor spending a lot of resources on planning, building
prototypes, and testing.

Method: Therefore, it is clever to run the simulation software with which it
is possible to examine various parameters in simulated conditions which
more or less mimic real operating conditions. This paper aims to show one
of possible solutions concerning the selection of appropriate technologies
of hybrid drive, to propose a system solution for a hybrid BVP M80A, and
to display a simulation hybrid drive model and the results obtained from
the model devised in Simulink.

Results: The results obtained by the simulation show that the proposed
hybrid drive solution provides better performance while retaining key
drivetrain elements of the vehicle.
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Conclusion: Only turning parameters are considered during the simulation
but it is clear that the hybrid drivertrain has advantages related to straight-
line motion as well. Also, sound projections about the drivetrain
performance and control can be made with the use of the proposed
model.

Key words: hybrid drive, combat vehicle, tracked vehicle performance,
hybridization, MATLAB, Simulink.

Introduction

In the case of wheeled vehicles, in general, the drive (propulsion)
and steering functions are separated and the change of direction does
not significantly affect the traction and braking performance of the
vehicle. In contrast to this, in the case of tracked vehicles, the steering
control is performed by achieving a difference in the speed of rewinding
of the tracks, i.e. lateral drift. This way of steering significantly affects the
traction performance of the vehicle because, as a rule, the resistance
when making turns increases compared to the straight-line movement.
Also, the control function built into the power transmission system affects
the load distribution and power balance within the power transmission
system itself (Muzdeka et al, 2004). The turning performance and the
effects of various elements of the transmission design on the
performance have been the subject of numerous research papers.
However, vehicle hybridization, which has recently experienced rapid
development in the military industry, raises many unanswered questions
(Khalil, 2009). Numerous states and defense organizations, guided by
the advantages of hybrid vehicles such as improvement of mobility and
fuel economy, higher specific power, silent mobility and silent watch
capabilities, enhancement of onboard electric power generation, etc.
invest significant resources in the development and testing of prototype
hybrid vehicles (Bhatia, 2015), (Kramer & Parker, 2011), (Dalsja, 2008).
Some papers deal with the design of such vehicles (Johnson & Dueck,
2001), (Nederhoed & Walker, 2009) but, to the best of the
authors’knowledge, there are no papers that deal with the performance of
such a vehicle except one paper (Taira et al, 2018). The paper presents
the conceptual hybrid drive solution for the infantry fighting vehicle BVP
M-80A, analyzes the power flow, defines the model of turning resistance
acting on the vehicle implemented in the Matlab Simulink software
environment, and develops a model for simulating the vehicle drivetrain.
The results of the comparative analysis of the symmetrical and
asymmetrical turning mechanisms are presented because hybrid drive
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enables a selection of the kinematic parameter. The introduction is an
introductory part of the article.

Influence of hybrid drive on the turning system

In addition to the advantages hybrid drive offers, which relate to the
specific power of the vehicle, additional onboard electric power to meet
power requirements of the vehicle subsystems and armament, silent
mobility, etc., the question arises as to how vehicle hybridization affects
the turning system and the turning performance. One of the assumptions
is that, due to the existence of a braking force on the inner track,
electricity will be generated during the turn because the electric motor will
act as a driven machine - generator. Also, if it is made with two electric
motors, hybrid drive allows not only an infinite number of calculated
turning radii but also the possibility of choosing the kinematic turning
parameter.

There are several possible conceptual solutions for the hybridization
of the BVP MB80A drive, and in this paper a solution was chosen that
should not imply radical design changes to the conventional
transmission. Therefore, it is a parallel hybrid architecture, with two
electric motors installed in the auxiliary drive. The kinematic schemes of
both conventional and hybrid transmissionsare given in Figure 1.

Unlike the conventional transmission, described in detail in (Vesi¢ &
Muzdeka, 2007), which has a single-stage transmission in the auxiliary
drive, the hybrid transmission has two independent power sources in the
auxiliary drive in the form of two electric motors. The change in the
rewinding speed of tracks is achieved by activating one or both electric
motors whose angular velocities can be precisely controlled. For this
reason, such a transmission offers several possibilities that the
conventional transmission cannot fulfill. First of all, electric motors are
additional drive units and thus increase the specific power of the whole
vehicle, enabling the vehicle to overcome higher resistances or to
achieve better acceleration, etc. Since two electric motors with a precise
adjustment of their angular velocities are in the auxiliary drive as two
independent drive units, it is possible to provide an infinite range of
turning radii without power losses due to friction in the transmission
elements. Also, since electric motors can easily change the angular
velocity direction, such a turning system can be both symmetrical and
asymmetrical, depending on the control method. If the electric motor of
the outer track is held stiff, and the electric motor of the inner track is
acted upon by the electric motor in the sense of reducing the speed of
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rewinding, it is an asymmetrical turning system. If the electric motors are
acting upon the outer and inner track with the same angular velocity
intensity, but in the opposite direction, it is a symmetrical turning system.
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Figure 1 — Kinematic scheme of the conventional (a) and the hybrid (b) drive system
Puc. 1 — KuHemamuueckasi cxemMa KOH8EHUUOHallbHO20 (a) u 2ubpudHoezo (6)
npueodHo20 dsuzamers
Cnuka 1 — KuHemMamcka wiema KOH8eHUUOHarnHoa (a) u xubpudHoa noeoHa (b)

This fact is very important from the aspect of performance. The
possibility of simulating the vehicle turn by using both system types
opens up a possibility of comparing the performance of turning and
making a conclusion about which control algorithm for electric motors is
the best.

Power flow analysis

The electric motors can fine-tune angular velocity, in both directions,
independent of the internal combustion engine (ICE) which means that
electric motors can have a wide range of angular velocities, from a
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maximum angular velocity with a negative sign to a maximum angular
velocity with a positive sign without any dependence on the ICE. For that
reason, when determining power flows, it is necessary to pay attention to
the direction of the sun gear angular velocity and to the possibility that
the sun gear angular velocity is that much higher than the carrier angular
velocity that the ring gear angular velocity changes direction. This case is
precisely the flexibility offered by the independent auxiliary drive that
gives the option to select (adjust) the kinematic turning parameter.

Since vehicle turns are most often performed with a turning radius
smaller than the radius at which the inner track force equals zero ("free"
radius Rs), power flow was analyzed only for that case.The power flow
when turning with a radius smaller than Rs is shown in Figure 2.
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Figure 2 — Power flow during asymmetrical (a) and symmetrical turning (b) at a turning
radius smaller than Rs
Puc. 2 — [Nomok MowHoCMu npu acCuUMMempu4YHOM (@) u cuMmMempuYHOM epauijeHuu (6)
npu paduyce nogopoma MeHblWe Rs
Cniuka 2 — Tokosu cHaze K00 HecuMempu4Hoe (a) u cumempuyHoe 3aokpema (b) ca
nonynpeyHuUKom mMarum 00 crobodHoz Rs
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In the case of an asymmetrical turn with a radius smaller than Rs,
the power flow is identical to the conventional transmission for the radius
at which there is no power loss due to friction in the drivetrain (the
"calculated" radius Rp). The calculated radius is achieved by activating
the clutch S1 (Figure 1a), with the difference that the auxiliary drive
supplies the electric motor power and not the ICE power as in the
conventional transmission. The recuperation power from the inner track,
which enters the transmission via the ring gear, is added to the power of
the auxiliary drive and transmitted to the outer track via the driven
gearbox shaft. In the case of a turn with a radius greater than Rs, the
power of the ICE is divided into two when it reaches the carrier; one part
goes to the sun gear while the other part goes to the ring gear, where the
electric motor works as a generator. The situation on the planetary gear
set of the outer track is the same in both cases as in the case of the
straight-line motion when the vehicle is powered only by the ICE.

The hybrid transmission, unlike the conventional one, offers several
flexibilities that can be used in a turn: in addition to the classic
asymmetric turn with inner track deceleration, it is possible to achieve an
asymmetric turn with outer track acceleration, as well as a symmetrical
turn. The possibility of an asymmetrical turn with the acceleration of the
outer track is not justified due to high power demand, but the possibility
of a symmetrical turn certainly enables the improvement of the vehicle's
turning flexibility and performance.

With a symmetrical turn, the case with the inner track is the same as
with the asymmetrical turn, where the rewinding speed of the inner track
decreases, but the case with the outer track is not. For the outer track to
accelerate, it is necessary for the sun gear of the planetary gear set to be
driven with a velocity of the negative sign. In this case, the drive of the
outer track is done by summing the power of the outer track electric
motor and the ICE power in the main drive.

What attracts attention in the analysis of power flow is the fact that
there is no regenerative braking during a turn with a radius smaller than
Rs. With this kinematic configuration of the transmission, regenerative
braking is achieved only at turns with a radius greater than Rs, but since
the vehicle is in such a mode for a very short time, regenerative braking
would be negligible.

Hybrid drivetrain model

In order to analyze the performance of different variants of
hybridized transmission operation, a Simulink model of the M80A infantry
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fighting vehicle drive compartment with the hybridized transmission was
developed. The basic structure of the drive group model is shown in
Figure 3. Before the formation of the drive group simulation model, the
basic components of the electric drive were selected, which is described
in more detail in (Milicevi¢, 2019).

Accelerator Pedal Posit

ICE Control Unit Results
Zaokrel - simetricni prvo
Spojnica > MGT

MG_1 ‘ » MG2 Inner track Drive1

MG_2

—— Acc. Podal Pos Driven shaft Driving shaft

Xt ICE and Clutch
' “—Db P4 p K1
K2 "
“—@ po——Dip K2 Outer track Drive2
oK “—Db L= 4 p_GK

Transmission Comtrol Unit

L]

TIB Tracked mechanism

Figure 3 — BVP M-80A hybrid drive topology in Simulink
Puc. 3 — Cmpykmypa umumayuoHHoU modenu aubpudHo2o dsuzamerisi BB M-80A
Cnuka 3 — Cmpykmypa cumynauuoHo2 modena xubpudHoz nozoHa 6Bl M-80A

Drivetrain model control is achieved with the "ICE Control Unit" and
"Transmission Control Unit" blocks. The key element of the "ICE Control
Unit" block is the standard Simulink Longitudinal Driver block based on
literature (MacAdam, 1980). The main function of this block is to define
the required speed of the vehicle, which is achieved by adjusting the
accelerator pedal position so that the preset speed is reached as soon as
possible. The transmission control unit is modeled in the form of control
signals which adjust the transmission parameters according to a
predefined scenario. As the subject of the paper is not the automation of
electric motor control, it was adopted to control them by speed signals
that are set according to the predefined control scenario. In addition to
the signals controlling the electric motors, the block also includes the
control signals for the clutch and the main brakes. The clutch control
signal allows the simulation of the vehicle when it starts to accelerate
from the point of zero velocity, while the brake control signals in this
particular simulation are not used, since brakes are not activated in the
considered turning mode.
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The "ICE and Clutch" block consists of a standard Simulink Generic
Engine block and a hydraulically activated friction clutch model
(Krsmanovi¢, 2008), (Grki¢ et al, 2009). The ICE parameters are set in
accordance with the power curve of the BVP M80A engine (10V003),
with the initial angular speed of 900 min'and the regulation of the
maximum speed at 2500 min™'. The friction clutch model contains a
standard Simulink block Fundamental Friction Clutch with parameters
selected so that it is possible to simulate the acceleration of the vehicle
from the point of zero velocity, without in-detail dealing with the process
of engaging the clutch.

The TIB block (Figure 4) includes the mechanical transmission
elements and the auxiliary electric drive. The gearbox is modeled as a
gear pair because the simulation involves movement in one gear, and the
parameters of the gears (gear ratios) correspond to the parameters of the
real transmission. The only difference between the mechanical model
shown in Figure 4 and the real model is the KM brake which simulates
the braking of the ICE drive shaft in the case of starting the vehicle from
the place only by employing an electric motor. Also, the main brakes K1
and K2 were modeled within the transmission model.

p_GK

Pinion and Ring gear

K2 =+ K1

@

0 0

Outer track L= . . Innor track

Figure 4 — TIB (Transmission in Block) model in Simulink
Puc. 4 — Modenb TBE (mpaHcmuccus e brioke) 8 Simulink
Crnuka 4 — Moden TYB (mpaHcmucuje y 6noky) y Simulink-y

The "Auxiliary drive electric motors" block includes a power supply
unit (battery) and electric motors. For the battery model whose scheme is
shown in Figure 5, an existing generic lithium-ion battery model was

-
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adopted (Balch et al, 2001), (Gao & Ehsani, 2012), represented by the
equations (Tremblay & Dessaint, 2009):

— discharge model (i* > 0)

f, (i,,i*,i)= Eo— K QgL i+ A-el P 1)
Q - Q -
— charge model (i* < 0)
f, (i, i*i)=Eo-K -_L-i*—K L i+ A-el P (2)
i, +0.1-Q Q—i,
And the battery charge status (State of Charge - SOC%) is

calculated from the following equation:

soc =1oo(1—%Ii(t)dtJ[%] (3)

where: E, - constant voltage [V]; K - polarization constant[V/Ah], or
polarization resistance [Q)]; i* - low-frequency current dynamics [A]; i -
battery current [A]; i; - extracted capacity [Ah]; Q - maximum battery
capa10ity [Ah]; A-exponential voltage [V]; and B - exponential capacity
[AR7T].
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Figure 5 — Equivalent battery circuit presented by equations (1), (2), and (3)
Puc. 5 — OksusaneHmHas cxema modenu bamapeu, npedcmaesneHHas ypagHeHusmu (1),
(2)u(3)
Cnuka 5 — ExkeusaneHmHo kosio modena bamepuje npedcmassbeHe jedHaqduHama (1), (2)
u(3)
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The electric motor model is a DTC Induction motor drive model from
the Simulink library modified so that its input is direct current. In Figure
6, a block diagram of a drive with the DTC control is displayed (Rosi¢,
2016).

Three-phase Three-phase
diode rectifier inverter
A Induction
o | motor
B | | Braking ‘
Oo— T I
chopper |
% I
' |
|
==a
DTC [* 1 Speed
unit  |e sensor
Speed Speed f
reference controller|e

Figure 6 — Block diagram of the conventional DTC drive
Puc. 6 — OksusaneHmHasi cxema modesnu bamapeu
Cniuka 6 — EkgusasnieHmHo Kosro modena bamepuje

The "Tracks" block (Figure 7) is a subsystem of the Simulink model
which represents resistance loads of the drive compartment, i.e. the
resistance to the movement of the vehicle when performing a turn.
Resistances to movement have a complex nature and depend on the
type of soail, slope, distribution of specific pressures on the soil, turning
radius, etc. (Muzdeka et al, 2004). For this paper, a simplified turning
resistance model is considered in the analysis of turning performance
with the following assumptions:

- the turn is achieved on a hard horizontal surface, at low speed, so
that the influence of the centrifugal force is not considered,

- the center of gravity is in the middle of the contact surface of the
track so that the specific pressure of the track on the soil is rectangular,
and

- track slip under the influence of the brake and traction forces is not
considered.
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Figure 7 — Simulink model of tracks
Puc. 7 — Simulink modesib 2yCeHUYHbIX JIeHm
Cnuka 7 — Simulink Mmoden eyceHU4YHUX Kpemaya

The turning radius of a tracked vehicle is obtained from the following
equation:
B v,+v
A @)
2 1
where: V1, V2 — the rewind speed of the inner and outer tracks and B —
the track width.

R

Figure 8 shows the forces acting on the vehicle during turning under
the conditions described above. Based on the presented mechanical
model, the equations for determining the required forces on the tracks
are obtained as follows:

F,=R,+ MBC

(5)
F =R,
1 k1 B

where: Ryq, Rz — the straight-line motion resistance and M. — the turning

resistance.
74D
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Figure 8 — Forces and moments acting on the tracked vehicle during a steady state turn
Puc. 8 — Curnbl u MomMeHmMbI, eticmaytowjue Ha 2yceHUYHoU MauluHe 80 8pemMsi
rnosopoma
Cnuka 8 — Cune u MoMeHmu Koju 8enyjy Ha 2yCeHUYHO 803Us10 NPUIUKOM 3aoKpema

In the case of the uniform turn of the tracked vehicle at low speeds
on a horizontal surface, the straight-line motion resistances, which are a
consequence of the surface deformation, are calculated from the
expressions:

Ry =N,
R, =N ©)
k2 — 2
where: f — the rolling resistance coefficient (adopted value f =0.07) and
N+, N> — the surface reaction forces.

For the considered case of turning, the normal surface reactions are
equal to half the weight of the vehicle:

G
Ra=Ra= 1> (7)
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The turning resistance is obtained as follows:
uGL
M =2 8
e =, (8)
where: u — the turning resistance coefficient and G, L — the vehicle
weight and the contact surface length, respectively.

The turning resistance coefficient u (Nikitin & Sergeev, 1962) is
calculated using the following expression:

/umax
v ]) g

ILJ =
2
. . - B
where: R — the turning radius; g, — the coefficient value when R=E

(adopted value gy, =0,85), and a - the experimental coefficient
(a=0.8+0.85, adopted value a =0.85).

After adopting the values of the coefficients, the final expression for
the coefficient of resistance to rotation is obtained:

0.85
M= (10)

0.85+ 0.15(R + 1}
B 2

The final inner and outer track forces expressions:

F2 — sz _}_&:f_G_}_’u_CEL
B 2 4B (11)
M., fG uGL
F=R,- S —
B 2 4B

The track forces are radius dependent as shown in Figure 9. It can
be seen that the outer track force has a positive sign, i.e. it is a tractive
force at all turning radii, while the inner track force is a tractive force at
radii larger than Rs, while it is a braking force at smaller ones.

e



Figure 9 — Dependence relation of the track forces on the turning radius
Puc. 9 — 3asucumocmsb curnbl He 2yceHU4yHoU neHme om paduyca rnogopoma
Cnuka 9 — 3asucHocm cuna Ha e2yceHuuyama 00 MosyrnpeyHUKa 3aokpema

In addition to external resistances, internal resistances have an
important influence on the tracked vehicles' power balance. For a vehicle
performance analysis, losses in transmission and electric motors can be
neglected, but losses in the tracked mechanism cannot, so they are
taken into account through the efficiency coefficient of the tracked
mechanism. The efficiency coefficient of the tracked mechanism in the
general case depends on the magnitude of the force on the track, the
speed of movement, the type of hinge, and the like. A simple calculation
can use a linear dependence from the equation (Muzdeka et al, 2004)

Ngn =0.95-0.018-V (12)
where: 7, — the efficiency coefficient of the tracked mechanism and V —
the vehicle speed.

To be able to simulate the impact of losses in the tracked
mechanism, it is necessary to express the efficiency coefficient in relation
to the torque. In the case where the force on the track is tractive, the
losses in the tracked mechanism increase the required power, so that the

>
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torque at the sprocket wheel that represents the resistance is increased
and calculated from the expression:

M =i (13)

pt
Mgm

In the case where there is a braking force on the track, the
resistances of the tracked mechanism cause the torque at the sprocket
wheel to be reduced and calculated from the expression:
14
MptzFi'rpt'ngm ( )
On the outer track, the torque on the sprocket wheel is always
calculated from expression (13), and on the inner track from expressions
(13) and (14), depending on the sign of the force on the track. The block

diagram of the load model on the inner track is shown in Figure 10.

Figure 10 — Inner track load model
Puc. 10 — Modenb conpomueneHusi Ha BHympeHHel 2yceHe4YHol fieHme
Cnuka 10 — Moden omnopa Ha yHympauwH0j 2yceHuyu

Simulation results

Based on the developed model, the simulation of the vehicle
movement with the hybridized transmission during turning was
performed. In order to see the hybridization influence on the turning
performance, a simulation was performed in three motion modes: turning
with the deceleration of the internal track - asymmetric turn (case A),
turning with the deceleration of the inner and acceleration of the outer
track, with a turning radius as in the previous case - symmetrical turn with
a lower initial speed (case B), and turning with the deceleration of the
inner and acceleration of the outer track but without reducing the speed
of the vehicle - symmetrical turn (case C). The first case is completely
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equivalent to the behavior of the conventional transmission and it is a
reference case for assessing the hybridization impact on the
performance of turning. It is important to note that even though the turn is
performed equivalent to the conventional system, there are significant
advantages over the conventional system. The main advantage is the
fact that the rotation is continuous, i.e. it is achieved without power losses
due to friction in the transmission elements. The B and C cases of turning
are not possible with the conventional transmission. In contrast, the
hybrid transmission allows such cases of turning by choosing the way of
controlling electric motors in the auxiliary drive, which means that the
possibility of their use is realistic. The B case represents the rotation of
the vehicle with the same radius as in the A case, and since the rotation
is essentially symmetrical, it is achieved with a lower initial speed. The C
case is a classical symmetrical turn and is achieved at the same initial
speed as in the A case. The diagram, Figure 11, shows the change of the
turning radius for all three considered cases, where the previous
statements are confirmed.

R[m] i

25

20

10

tls]

Figure 11 — Turning radius change in time for the A, B, and C cases
Puc. 11 — UsmeHeHue paduyca nosopoma 8 criyqyasx A, Bu C
Cnuka 11 — lMpomeHa nonynpe4yHuka 3aokpema 3a cryyajese A, Bu C
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Figure 12 shows the speeds of the vehicle during the simulation of
the turning process. The simulation includes starting the vehicle from the
point of zero velocity, moving at a constant speed, entering a turn, and
moving in a turn with a constant radius. It can be seen that from the
aspect of changing the speed of movement, the B and C cases are
favorable because there is no change in the speed of the turn.

6

[m/s] R —

0 2 4 6 8 10 12 14
t[s]

Figure 12 — Change of the vehicle speed during the turn for the A, B, and C cases
Puc. 12 — UameHeHue ckopocmu MawuHbl 80 8peMs nogopoma 8 criyyasix A, Bu C
Cnuka 12 — lNpomeHa 6p3uHe go3uria y 3aokpemy 3a criyqajese A, Bu C

In order to perceive the performance of the turn, it is necessary to
analyze the power needed for individual cases of the turn. As the power
of the basic drive unit - diesel engine and the power of the electric motor
in the auxiliary drive - is engaged in the turn, it is necessary to analyze
the value of these powers, as well as their ratio. Figure 13 shows the
total power engaged to perform the turn. In the C case, the greatest
power is engaged, bearing in mind that the turn takes place at a higher
initial speed, but it is important to note that, in this case, the turning
radius is larger, which is even more unfavorable. In the cases of A and B,
practically the same power is engaged, but two facts must be taken into
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account: 1) the initial speeds are different and 2) the same turning radius
is achieved. As the movement speed directly affects the number of
revolutions of the ICE, it is important to analyze the relationship between
the power of the drive motor and the power that is supplied to the
transmission via the auxiliary drive, i.e. via the electric motor.

3 140
(kw] \
N N [ — SR R
120 / Y
100 /,}_/\
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71
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Figure 13 — Total power needed for turning
Puc. 13 - Obwas mouwHocmb, Heobxodumasi Onsi nogopoma
Cnuka 13 — YkynHa cHaza nompebHa 3a u3eoher-e 3aokpema

Figure 14 shows the ratio of the power engaged by the diesel engine
(Pom) and the power of the electric motor (Pgy) for the A case and the B
case, which are performed with the same turning radius. It can be seen
that the power balance is more favorable because less diesel engine
power is used when turning, which is a consequence of the fact that in
this case two electric motors are working.
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Figure 12 — Total power needed for turning
Puc. 12 - Obwas mowHocmb, Heobxodumasi Onsi nogopoma
Cnuka 12 — YKkynHa cHaea nompebHa 3a u3goher-e 3aokpema

Conclusion

Based on the results presented in the paper, it can be concluded
that the proposed hybridization model of the BVP M80A powertrain would
provide a significant improvement in vehicle performance while retaining
the key components of the powertrain. The developed Simulink model
provides a simulation of the vehicle movement both in straight-line
motion and in turn, with the fact that loads of the drive group are real only
with a uniform movement. The simulation results show significant
advantages of hybrid drive when performing turns, although it is clear
that hybridization also has advantages related to straight-line motion, use
of combined drive when starting the vehicle, silent mobility, regenerative
braking, etc. Another important application of the Simulink model is its
application in the development of an appropriate transmission control
system, where it is necessary to integrate mechanical, electrical, and
hydraulic components in order to obtain an optimal control system of the
proposed hybridized drive group solution.
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Peswome:

BeedeHue/uernb: [ubpudHasi mexHOI02usi yCrewHo NpUMeHsiemcsl 8
asmonpoMbILWIIEHHOCMU J162K0BbIX U KOMMEepPYecKux asmomobused.
Pykogodcmeysicb  ycriexoM U fpeumywiecmeamu  2ubpuOHbIX
mexHosioeauli, MHoaue OOOpPOHHbIE Op2aHu3auuu Mo eceMmy Mupy
uHeecmupytom 8 paspabomky 2ubpudHbix mexHosoauli 0rs1 6oesbix
MawuH u paspabamsigearom rMpoOmMomuribsl 2yCeHUYHbIX bpoHeMalluUH,
Komopbie pacxolyrm HaMHO20 MeHbWe mornauea, omiu4yarmces
nydwel npou3godumesisHOCMb, MEHbWUM 8bI6POCOM 8bIXITOMHbIX
2a308 u 0ornosTHUMmersnbHbIMU 803MoxxHocmsamu. OdHaKko reped 88000M
8 b6oesyo aKcrnyamayuo eubpudHbIX 2YCeHUYHbIX bpoHemauwuH
Heobxo0umMo pewums pasrfiuyHble mexHu4Yeckue rpobnembl. Ha
OaHHbIl  MOMeHm  6bin  npogedeH uenbili  psad  ucrbimaHul
pomomurios, HO 8Ce ewe cywecmsyrm  02paHUYeHUs,
OMHOCAWUECss K  KIIHOYEBbIM  MEXHO02UsIM,  makuM  Kak:
anekmpodsueamersu, MPOBOOHUKOBAas: 3MIEKMPOHUKa U Hakonumesnu
afieKmpo3Hepauu. B ycnogusix ¢huHaHCOBbIX O2paHUYeHUl Herlb3s
donyckampb OWUbOK U mpamumb MHO20 PECypCco8 Ha MiaHuposaHue,
cos0aHue npomomuros u ucrbimaHusi.

MemoObi: CriedosmeribHO, pa3yMHbIM peweHueM 6bi1o 3arycmumb
npoepamMMmHoe MoOesiuposaHue, C OMOWbIO KOMOPO20 MOXHO
uccnedosamb pasfiuyHble napamempb! 8 UMUMAaUUOHHbLIX YC/I08USIX,
Kkomopble 6osiee unuU MeHee UMUMUPYIOM peasibHble YC/108Usl
akcrninyamauyuu. B daHHOU cmambe 6birio npedcmagrieHo 00HO U3
BO3MOXHbIX PeleHuUl, Kacarowuxcsi ebibopa coomeemcmeyruux
mexHosnoauli  2ubpudHoz2o0 npueoda, npPeOdrIoKeHO cucmemHoe
peweHue dns aubpudHozo npusoda bpoHemawuHbl M-80A. B uensx
ocywecmeneHus 0aHHoe nnaHa, bbina paspabomaHa UMUMayUOHHYH
modenb  aubpudHoeo  rnpueoda € IOMOWbK  Mpo2paMmbl
MatlabSimulink.

Pe3ynbmamei: Pe3ynbmambl, MofyYeHHble rnpu  MoOesuposaHuu,
rokasbigarom, 4ymo rpeodnazaemoe peuieHue 2ubpudHozo npusoda
obecrieyugsaem Jfyqwyr0 NpouU3BoOUMENIbHOCMb  MPaHCIOPMHO20
cpedcmea.

Bbigodbl: [lpu modenuposaHuu Mpo8epsnucb MOJbKO fnapamempsbl
rnosopoma, HO ama Mmodesib Moxem Obimb YCEWHO MPUMEHeHas
ucrnsimaHusixnapamempog npu npsMosuHelHom JdsuxeHuu. Kpowme
moao npedroXeHHy0 MOOENbMOXHO MNPUMEHsMb Ons UCMbimaHusi
napamMempos U asi20pummo8 Komposis MpPaHCMUCCUU.

Kntouesnle crosa: aubpudHbili npueod, boesass MawuHa, napamempsbi
2yCeHeYHbIX MawuH, eubpudusayusi, MATLAB, Simulink.
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CUMYTTALIMOHW MOOEN N AHAJTM3A NMEP®OPMAHCH
XNBEPUOHOI NOIrOHA BBl M-80A

Cmecpan B. Munuhesunh?, Criasko P. Myxaeka®

@Bojcka Cpbuje, LieHTpanHa noructuuka 6asa, 1. NOrucTMUKM LeHTap,
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OBJNACT: malmnHCTBO
BPCTA UJTAHKA: opurnHanHun Hay4yHu pag

Caxemak:

¥800: XubpudHa mexHo/o2uja je yCriewHo UHKopriopupaHa Yy
UHOYyCmpuju MymMHUYKUX U KOMepuyujasHux eosuna. BoheHu ycrnexom u
npedHocmuma Koje oHa OoHOCU, MHOoze 00bpambeHe opezaHu3auuje
wupom ceema ynaxy y pa3eoj xubpudHe mexHosnozuje 3a bopbeHa
go3usna. Passujajy u npomomurioge 2yceHu4YyHux bopbeHux eo3urna
Koja umajy Marby rnompouwry 2opuea, bosrbe nepghopmarce, 6osby
u3lysHy emucujy U euwe eflIeKmpu4YHe eHepauje Koja ce Moxe
uckopucmumu 3a pasnudume ernemeHme Halepadwe. Mehymum,
rocmoje pasnuydumu mexHUYKU u3a3oeu Koju mopajy bumu peweHu
npe yeohewa xubpudHoz eyceHu4yHoe 6opbeHoz egosuna y
onepamusHy yrnompeby. CripogedeHO je HEKONUKO ycrewHux
ucrumuearka fpomomuriosa, asau jow yeek rocmoje ozspaHuyerba y
8e3U ca K/byYHUM mexHoriogujama Kao Wmo Cy efieKmpomMomopu,
CKnaduwme efieKmpuyHe eHepauje U rnpo8OOHUYKa esIeKmMpPOHUKa. Y
makeum ycrioguma, y Kojuma cy (buHaHcuje ozpaHU4YeHe, He MOXe
bumu MHO20 epewaka HU mpowera MyHO pecypca Ha fraHupame,
u3zpadmy Npomomuroga U HhUxo80 mecmupamse.

Memoda: PayuorarHo je pa3sumu coghmeepcky cumymnayujy rnomohy
Koje je moeyhe ucniumamu pasnudume rnapamempe y CUuMyupaHum
ycrioguma Koju, Marme Unu euwe, OfioHalajy peasiHe ycrioge
ekcrinoamauyuje. Y pady je npukadaHo jedHo 00 mozyhux pewera
usbopa o0zoeapajyhux mexHonoeuja xubpudHoz o2oHa U
rpeornoXeHO CUCMEMCKO peuwere XubpudHoz rnoz2oHa 3a bopbeHo
go3usno newaduje M-80A. 3a yceojeHO pewere pa3gujeH je
cumynayuoHu modesni xubpudHoa ro2oHa y MpoepamMCKOM OKPYKEHY
MatlabSimulink.

Pesynmamu: Pesynmamu dobujeHu cumynayujom rokasyjy  Oa
rnpeodnoxeHo pewere xubpudHoe nozoHa obesbeljyje 3HamHoO borbe
nepghopmaHce roeoHCKe epyre 8o3urna.

3akrbyqak: PaamampaHu cy camo napamempu 3aokpema, anu mMooen
ce MOXe ycrnewmHo [rpuMeHumu u fpu aHanusu nepchopmaHcu
npaeorsuHujckoz Kpemara. [loped moea, moden je moeyhe

e



Kopucmumu U 3a ucnumusare nepghopMaHcu U ansopumama
KOHmMpoJsie mpaHcmMmucuje.

KrbyuHepeuu: xubpudHu no2oH, 6opbeHa eo03una, nepchopmaHce
2yceHu4YHuUx gosuna, xubpudusayuja, MATLAB, Simulink.
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