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Abstract:
Introduction/purpose: The paper presents a systematic approach to the
development of a series hybrid electric tracked vehicle (HETV) includ-
ing powertrain sizing and adequate energy management strategy (EMS)
selection.

Methods: Powertrain elements were sized considering key performance
requirements. Three energy management strategies were proposed:
Thermostat Control Strategy (TCS), Power Follower Control Strategy
(PFCS), and Optimal Power Source Strategy (OPSS). The evaluation
of the powertrain configuration and the three proposed EMSs was per-
formed in the Simulink environment using a driving cycle containing sig-
nificant acceleration, braking and steering.

Results: The results showed that the OPSS proved to be the best due
to increased fuel economy and a low battery state of charge (SOC) vari-
ation. Compared to the previous research of the same vehicle with a
parallel hybrid configuration, significantly better results were achieved.
The investigation of the results indicates that the proposed powertrain
and control strategy offer 53.79% better fuel economy which indicates
that the powertrain sizing was properly performed.

Conclusions: The results of this work are of great importance for under-
standing the effect of proper powertrain sizing on fuel economy. Com-
pared to the reference vehicle, the proposed configuration achieves sig-
nificant improvement, most of which is attributed to adequate sizing. The
OPSS proved to be the best strategy, thus confirming the theoretical hy-
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pothesis. The series hybrid configuration with the OPSS as the EMS
proved to be a major candidate for use in HETVs.

Key words: tracked vehicle, hybrid electric vehicle, energy management,
control strategy, fuel economy.

Introduction
Hybrid drive is the most practical and realistic alternative to conven-

tional transmission at the moment (Jimenez-Espadafor et al., 2011; Ehsani
et al., 2018). In the field of wheeled vehicles, hybrid propulsion systems
have been very common for many years (Hannan et al., 2014). On the
other hand, due to different technological and economical reasons, the re-
search of hybrid technology for tracked vehicles has not been the focus
of many researchers. However, in the last decade, the defense industry
started showing interest in the military vehicle hybridization (Rizzo, 2014)
and hybrid electric tracked vehicles (HETVs). Hybrid drive for HETVs of-
fers advantages such as better fuel economy, additional onboard electric
power, silent watch capability and decreased noise and thermal signature
(Khalil, 2009).

In (Galvagno et al., 2012), the authors presented a mathematical model
and a dynamic analysis of a single-drive series hybrid tracked tank, while
in (Zou et al., 2012a) the authors developed bi-level optimization consist-
ing of two nested optimizations, one for optimal powertrain sizing, and the
other one for optimal power management of the HETV. In (Liu et al., 2015;
Zou et al., 2016), a control-oriented model of an HETV was developed and
the EMS based on reinforcement learning was proposed, which achieved
results comparable to dynamic programming, while the authors in (Ran-
dive et al., 2019, 2021) presented a systematic approach to powertrain
sizing which reduced transmission weight by 16% and proposed a novel
rule-based strategy which achieved over 30% better fuel economy when
compared to the previous original powertrain.

Research on the topic of hybrid propulsion has also appeared in Serbian
military circles. Driven by the idea of   achieving better performance and less
fuel consumption with minimal changes to the original conventional trans-
mission, in (Milićević & Muždeka, 2021) the authors proposed a concep-
tual hybridization model of the Serbian infantry fighting vehicle BVP M80A.
In this paper, the performance of the vehicle was analyzed, and the later
research (Milićević et al., 2021) proposed an energy management strat-
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egy (EMS) based on the Power Follower Control Strategy (PFCS) which
achieved 12.8% better fuel economy than conventional transmission, and
even better result (23.2%) was achieved with introducing additional gener-
ator in the powertrain. These two research studies laid the foundation to
hybridization of the BVP M80A, the former focusing on conceptualization
of hybrid powertrain and the latter focusing on improving efficiency of the
designed powertrain. The constraints set in the first research study led to
the complex powertrain and very complex multi-mode EMS designed in the
second one. The motivation for this work stems from the mentioned fact.
The aim of this paper is to design a series hybrid powertrain which would be
efficient and simple by considering key performance requirements, proper
sizing of all powertrain elements and adequate selection of an EMS.

Proposed powertrain configuration
The most common configuration in HETVs is series (Zou et al., 2012b;

Zhang et al., 2020; Randive et al., 2019; Qin et al., 2018; Randive et al.,
2021; Zou et al., 2016). The lack of shafts, gears and other mechanical ele-
ments is very important from the aspect of reliability and better utilization of
space. The increased power rating of battery offers more onboard electric
power. These advantages and the possibility of increased fuel economy
were the main factors for the proposed series configuration. The major
components of the proposed configuration are (Fig. 1):

1. Traction motors,
2. Simple two-stage transmission,
3. Engine-generator unit, and
4. Energy storage.
The proposed powertrain adopts a dual-drive variant of the series con-

figuration. Two traction motors independently drive the two sprockets, a
generator is driven by the diesel engine which is a primary source of en-
ergy (PS) while the battery pack supplies or absorbs energy when needed
and acts as a secondary source (SS). Between the electric motor and
the wheels there is a simple two-speed transmission. Compared to the
reference vehicle and the parallel configuration designed in (Milićević &
Muždeka, 2021), this powertrain is much simpler. It has no planetary gear
sets and no complex gearbox. Lack of the engine-sprocket mechanical

879

M
ilić
ev
ić
,S

.e
ta
l,
C
om

po
ne
nt
si
zi
ng

an
d
en
er
gy

m
an
ag
em

en
tf
or
a
se
rie
s
hy
br
id
el
ec
tri
c
tra
ck
ed

ve
hi
cl
e,
pp
.8
77
–8
96



connection enables the engine to work at the optimal operating point which
is the main advantage of this configuration.

Figure 1 – Proposed powertrain configuration
Рис. 1 − Предлагаемая конфигурация гибридного привода
Слика 1 – Предложена конфигурација хибридног погона

Component sizing
The main rationale of the hybrid drive concept shown in (Milićević &

Muždeka, 2021) was as few changes to the transmission as possible.
Therefore, the authors of the aforementioned research retained numerous
parameters of the initial transmission, and the parameters of the battery
and the electric motor were adapted to the initial system parameters. Such
approach to sizing certainly results in an unbalanced and disproportionate
powertrain. Due to their specific purpose, tracked vehicles have unique
requirements, such as high gradeability, off-road mobility and satisfactory
skid-steering and acceleration performance. The design of the HETV pow-
ertrain should be made based on a critical performance analysis, some-
thing that is rarely done in literature (Randive et al., 2019). Based on the
analysis, the adequate sizing of the components can be done to achieve
satisfactory performance.

Power and torque demand
Movement resistances have a complex nature and depend on the type

and slope of the terrain, pressure distribution, turning radius, etc. For this
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paper, the simplest case of movement on hard terrain will be considered.
To propel the wheels of the HETV in a straight-line motion, traction force
Ftr has to be equal to the sum of various resistances as follows:

Ftr = Frol + Faero + Fgrade + Fin, (1)

whereFrol, Faero, Fgrade, Fin are rolling resistance, aerodynamic resistance,
road grade resistance and inertial force, respectively. These forces are
given as follows:

Frol = fmvg cosα

Faero =
1

2
CdAρv

2

Fgrade = mvg cosαα

Fin = δmva

(2)

where f is the coefficient of the rolling resistance, mv is the vehicle curb
weight, α is the road slope angle, Cd is the aerodynamic resistance
coefficient, A is the vehicle frontal area, ρ is the air density, V is the vehicle
speed, δ is the mass coefficient and a is the vehicle acceleration.

During turning, the vehicle needs to overcome additional turning resis-
tances which are obtained as (Wong, 2022):

MR =
1

4
µmvgL (3)

where µ is the coefficient of the lateral resistance andL is the contact length
of the track. The coefficient µ is calculated as:

µ = µmax(0.925 + 0.15R/B)−1 (4)

where µmax is the maximum value of µ, B is the vehicle tread and R is the
turning radius. The turning radius can be calculated from the equation:

R =
B

2

ω2 + ω1

ω2 − ω1
(5)

where ω1, ω2 are the sprocket angular velocities.
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Power demand is obtained by multiplying the sum of the resistance
forces with the vehicle velocity:

Preq = FtrV +MRω. (6)

The maximum power is required during the maximum acceleration. As-
suming acceleration on the level ground, the power required is given as:

Pmax = (fmvg +
1

2
CdAρv

2 + δmva)Vf , (7)

where Vf is the final vehicle speed.

The maximum torque is determined based on the gradeability require-
ments. On a slope, at a constant low speed, the vehicle must overcome
road grade resistance and rolling resistance as follows:

Fgra,max = (fmvg cosα+mvg sinα). (8)

The required torque is expressed as:

Tmax = Fgra,max · r = (fmvg cosα+mvg sinα) · r, (9)

where r is the sprocket radius.
The performance requirements and the vehicle parameteres are given

in Table 1.

Table 1 – Overview of the vehicle parameters
Таблица 1 – Обзор характеристик машины
Табела 1 – Преглед параметара возила

Parameter Value Parameter Value
Vehicle mass m [kg] 13850 Sprocket radius r [m] 0.2577

Track contact length L [m] 3.3 Vehicle tread B [m] 2.526
Vehicle frontal area A [m2] 5.4 Drag coeff. Cd [−] 1.1

Air density ρ [kg/m3] 1.2258 Rolling resistance coeff. f [−] 0.07
Maximum gradeability [%] 60 Maximum speed Vmax [km/h] 65
Maximum acceleration 0-32km/h in 8s Silent watch autonomy [km] 25
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Transmission
Most of electric and series electric hybrid vehicles have a single-stage

transmission between the traction motor and the wheel (or the final drive)
due to high efficiency and a favorable torque curve of the electric motor
(Wu et al., 2013). However, with HETVs, the required power and torque
performances are in relative disproportion, so it is difficult to find an electric
motor with a sufficiently broad operating range. In addition, it was shown
that the dual-stage transmission for HETVs is significantly more efficient
than single-stage (Randive et al., 2021). The adopted gear ratios depend
on the maximum torque and the maximum required speed of the vehicle,
and have a direct impact on the sizing of the traction motor. The minimum
gear ratio must meet the condition of gradeability, that is:

imin ≥ 1

2

Fgrade,max · r
Tm,peak

, (10)

where Tm, peak is the peak torque rating of the two traction motors. On the
other hand, the maximum gear ratio must meet the condition of simultane-
ously achieving the maximum speed of the traction motor and the vehicle,
that is:

imax ≤
ωEM,max

Vmax/r
, (11)

where ωEM,max is the maximum speed of the traction motor.

Traction motor
The maximum power and the torque rating of the two traction motors

need to satisfy performance requirements expressed with Eq. (7) and Eq.
(8). The combined maximum power of the two traction motors should be
equal to or greater than the maximum power required Pmax. The maximum
and rated torque must be sufficient to satisfy gradeability performance and
to enable continuous and smooth motion at the maximum speed, respec-
tively. Adopting the data from Table 1, and substituting into Eq. (7) and Eq.
(8), the maximum required power of Preq = 227.34kW and the maximum
required torque of 20113Nm are obtained. The torque required to maintain
the maximum speed is obtained from Eq. (1) when acceleration and road
grade resistances are ignored and amounts to 3062.3Nm. The maximum
sprocket speed is calculated as 670rpm. In accordance with this data, two
electric motors of a maximum speed of 9000rpm, a maximum torque of
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600Nm and a rated power of 120kW were considered in this study. After

Figure 2 – Combined torque-speed curve of the traction motor and the
transmission

Рис. 2 − Общая характеристика электродвигателя и трансмиссии
Слика 2 – Заједничка карактеристика електромотора и трансмисије

adopting gear ratios of i1 = 12 and i2 = 18, it is confirmed that the com-
bined torque-speed characteristic of the motor and transmission satisfies
the required performances as shown in Fig. 2.

Engine-generator set
In (Randive et al., 2019) engine sizing is based on the condition of meet-

ing the required power for constant speed operation. However, in this work,
an identical engine as in the reference vehicle will be adopted for the rea-
son of achieving the validity of the comparison with the existing parallel
hybrid configuration. Therefore, an engine with the power rating of 235kW
is adopted.

Energy storage sizing
Considering the size of the engine-generator set in this case, the energy

storage has the role of meeting required vehicle performance in the electric
only mode. The power of the storage is calculated as (Arıkan, 2019):

Pes =
Pmax

η
, (12)
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where Pmax is the maximum power needed in the silent watch mode and
η is the efficiency of transmission and electric motors.

The battery energy required to satisfy the performance of the silent
watch mode is calculated as (Borthakur & Subramanian, 2016):

Ees = Pele ·
S

Vele
, (13)

where S is the required silent watch autonomy, Vele is the vehicle speed
during silent watch (35 km/h) and Pele is the power needed to drive the
vehicle in a pure electric mode defined as

Pele =
1

η
(mvgf +

1

2
CdρAV

2) · V, (14)

Using Eq. (12) and Eq. (13) with the desired performance parameters
from Table 1, a battery with the power rating of 105kW and the energy rating
of 75kWh is selected for this work. The summary of component sizes is
given in Table 2.

Table 2 – Overview of the powertrain specifications
Таблица 2 – Обзор характеристик гибридного привода

Табела 2 – Преглед параметара хибридног погона возила
Item Specification

Transmission Dual-stage with ratios: i1 = 12, i2 = 18

Traction motor Max.power: 120kW , Max.speed: 9000rpm, Max.Torque: 600Nm

Engine-generator set Max.power: 235kW@2500rpm

Energy storage Max.power: 105kW , Energy capacity: 75kWh

Energy management
The most common rule-based strategy in hybrid vehicles is the Ther-

mostat Control Strategy (TCS). Other frequently represented strategies
are the Power Follower Control Strategy (PFCS) and the Maximum SOC
of Peak Power Supply (Max.SOC-of-PPS) (Ehsani et al., 2018). However,
some more advanced rule-based strategies such as the Optimal Primary
Source Strategy (OPSS) (Shabbir & Evangelou, 2019) have appeared in
recent times. These strategies have a simple implementation, are robust
and achieve good results, which makes them adequate candidates for
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implementation in military tracked vehicles.

1. Thermostat Control Strategy is based on on/off switching of the PS
depending on the battery state of charge (SOC) value. The battery
SOC can vary in a predefined range [SOCL, SOCU ]. Then, when the
SOC reaches the lower limit, the PS turns on and recharges the bat-
tery up to the SOCU value, when it turns off again. The PS is typically
set at the most efficient operating point PPSopt. The mathematical im-
plementation is based on the state S(t) which determines if the PS
is active:

S(t) =


0, SOC(t) ≥ SOCU

1, SOC(t) ≤ SOCL

S(t−) SOCL < SOC(t) < SOCU

(15)

where SOCL and SOCU are the lower and upper limits of the battery
SOC, and the S(t−) is the state S in the previous time sample. The
PS will also supplement power if the power demand exceeds the
power rating of the SS without changing the state S(t).

2. Power Follower Control Strategy employs the power-following ap-
proach which means that the PS follows the load with some deviation
in order to correct the battery SOC. The PS power follows the load
when the SOC is between SOCL and SOCU but biases the PS op-
eration in favor of charging or discharging the battery when the SOC
leaves the predefined range. Mathematical implementation is similar
to the TCS:

S(t) =


0, SOC(t) ≥ SOCU and PL < PPSmin

1, SOC(t) ≤ SOCL or PL > PSSmax

S(t−) SOC(t) ≥ SOCL and PL < PSSmax

(16)

where PL is the power demand, PPSmin is the tunable minimum
power of the PS and PSSmax is the maximum power of the SS. For
S(t) = 0 the PS power is always PPS = 0, while for S(t) = 1 the PS
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operation is defined as:

PPS(t) =


PPSmin, SOC(t) ≥ SOCU

Pm(t), SOCL < SOC(t) < SOCU

PPSmax SOC(t) ≤ SOCL

(17)

where PPSmax is the maximum power of the PS and Pm(t) is given
as:

Pm(t) = PL + Pch

(SOCU + SOCL

2
− SOC(t)

)
, (18)

where Pch is the charging factor.
3. Optimal Primary Source strategy employs the load-leveling approach

using a threshold changing mechanism instead of state changing as
in the TCS or the PFCS. In that way, a charge sustaining mecha-
nism is obtained. The strategy design is strongly based on solu-
tions gained via optimization strategies and by utilizing effectiveness
of modern start-stop engine systems in HEVs (Shabbir, 2015). The
threshold value for the activation of the PS is defined as

PPSmin(SOC) = Pth + Pth

(SOC − SOCinitial

SOCrange

)
, (19)

where Pth is the threshold value that needs to be tuned to achieve
the best results. Applied to a small passenger vehicle, this strat-
egy managed to achieve fuel consumption only 1% lower than the
optimization based Equivalent Consumption Minimization Strategy
(ECMS) (Shabbir & Evangelou, 2019).

Results analysis
Based on the mathematical model, a backward-looking model of the

series HETV was created in the Simulink environment. For the evaluation
of the model and EMS, a drive cycle was artificially constructed using the
data available. The drive cycle contains the speed profiles for both tracks
moving on the hard ground (Fig. 3).

It includes significant acceleration, braking, and steering. The average
vehicle speed is 18.5km/h, and the travel distance is 11.12km. Since the
drive cycle is assumed to be known, gear shifting is also predetermined
such that the vehicle meets the required performance. Three proposed
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EMSs were evaluated with the same initial data on the same driving cycle.
The power profiles are shown in Fig. 4, and the SOC change over time is
presented in Fig. 5.
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Figure 3 – Created drive cycle for the EMS evaluation
Рис. 3 − Разработанный ездовой цикл для оценки стратегии управления

энергопотреблением
Слика 3 – Креирани циклус вожње за евалуацију стратегије управљања

енергијом

The power profiles of the PFCS and the TCS are very similar (Fig. 4).
Although the PFCS should follow the load, in this case it does not hap-
pen due to the specific vehicle exploitation conditions causing the elements
of the powertrain to be oversized in order to achieve the required perfor-
mance. Therefore, it seems that the PFCS is not a good choice for use
in HETVs. Instead, the TCS would be a more adequate choice for HETVs
due to its simplicity. On the other hand, the power profile of the OPSS
is significantly different from those of the PFCS and the TCS. The load-
levelling approach is noticeable and the PS always works at the optimal
operating point. Also, the SOC varies significantly less than in the PFCS
and the TCS, thus extending the battery life. Despite the significantly less
SOC variation, with the OPSS, the engine is active about 6% time less
compared to the other two strategies (Table 3). This fact directly reflects in
fuel consumption, which is lower than in the other two strategies (Table 4).
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Figure 4 – Power time histories of the tested EMS
Рис. 4 − Профиль изменения мощности протестированных стратегий

управления энергопотреблением
Слика 4 – Профил промене снаге код тестираних стратегија управљања

енергијом

Figure 5 – Charge profiles for the TCS, the PFCS, and the OPSS
Рис. 5 − Диаграмма изменения значений SOC относительно стратегий

TCS, PFCS и OPSS
Слика 5 – Дијаграм промене вредности SOC за стратегије TCS, PFCS и

OPSS
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The OPSS proved to be the best of the tested strategies. In addition
to the best fuel economy, the small SOC variation reduces battery voltage
fluctuation and increases the battery life. A constantly high battery SOC
ensures the availability of electric power for auxiliary loads on or off the
vehicle. In comparison with the reference vehicle from (Milićević et al.,
2021), the proposed configuration with the OPSS achieves a significantly
better economy of as much as 53% (Table 5).

Table 3 – Engine usage time as the percentage of the total drive cycle time
Таблица 3 – Время использования двигателя СУС, выраженное в

процентах от общего времени ездового цикла
Табела 3 – Време активираности мотора СУС изражено као проценат

укупног времена трајања циклуса вожње
EMS Engine ON time as % of total drive cycle time
TCS 50.5%
PFCS 50.51%
OPSS 44.09%

Table 4 – Fuel consumption comparison for the tested EMSs
Таблица 4 – Сопоставление расхода топлива протестированных

стратегий управления энергопотреблением
Табела 4 – Поређење потрошње горива тестираних стратегија

управљања енергијом
EMS Relative fuel consumption [-] Improvement [%]
TCS 100 -
PFCS 97.86 2.14%
OPSS 92.02 7.98%

This result is a consequence of much better powertrain sizing and a
simple and adequate EMS. The initial hypothesis for the reference vehicle
to change the transmission as little as possible, and then to optimize the
operation of such a transmission, proved to be very unsuccessful, which
showed that when hybridizing a vehicle, one must take into account the
proper sizing of the powertrain elements.

The reference vehicle ended up with a slightly oversized engine and
undersized electric motors and battery, which caused the engine to be ac-
tive during most of the drive cycle. By switching to the series configuration
and with proper sizing, significantly better results were achieved. The main
reason for this is a much larger battery and more efficient operation of the
engine due to the absence of a mechanical connection between the engine
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and the wheels. In this work, the engine was left unchanged for the pur-
pose of comparison with the reference vehicle; however, as Fig. 4 shows, it
is clear that excess energy is created and that the engine should be down-
sized, which would also achieve additional fuel savings.

Table 5 – Comparison between the reference and proposed powertrain
configuration and the EMS

Таблица 5 – Сопоставление серийного и предлагаемого гибридного
привода и стратегии управления энергопотреблением

Табела 5 – Поређење референтног и предложеног хибридног погона и
стратегије управљања енергијом

Engine ON time Relative fuel consumption [-] Improvement [%]
Reference 92% 100 -
Proposed 44.09% 46.21 53.79%

Conclusion
This paper presents a systematic approach to the development of a se-

ries configuration hybrid electric tracked vehicle. All powertrain elements
were systematically sized based on the key performance requirements
except the engine, which remained of the same size as in the reference
vehicle with the parallel hybrid configuration. Three energy management
strategies were proposed, namely the TCS, the PFCS, and the OPSS. The
evaluation of the powertrain configuration and the proposed strategies was
performed in the Simulink environment using a driving cycle containing sig-
nificant acceleration, braking and steering. The results showed that the
OPSS proved to be the best due to the best fuel economy and a low bat-
tery SOC variation. The load-leveling approach enabled this strategy to
have an engine usage time of 6.4% less than the other two EMSs rela-
tive to the total drive cycle time. In comparison with the same vehicle with
the parallel configuration where the sizing was constrained in the sense of
harnessing hybrid drive advantages with as little change of the powertrain
as possible, the proposed powertrain configuration achieved a significantly
better fuel economy of 53.79%. The main reasons for improved fuel econ-
omy are proper sizing, a much simpler powertrain and therefore a much
more efficient EMS which enabled the engine to be active only 44.09 % of
the total drive cycle time compared to 92% of the time of the parallel config-
uration. The main conclusion of this work is that proper sizing of powertrain
elements must be taken into account when hybridizing a vehicle. Potential
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fuel savings and increased efficiency outweigh the cost of radical power-
train changes. Also, the series hybrid configuration presented itself as a
major candidate for use in hybrid electric tracked vehicles.
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МОЩНОСТЬ И УПРАВЛЕНИЕ ЭНЕРГОПОТРЕБЛЕНИЕМ
ГИБРИДНОЙ ГУСЕНИЧНОЙ МАШИНЫ ОБЫЧНОЙ
КОНФИГУРАЦИИ
Стефан В. Миличевич, корреспондент, Иван А. Благоевич

Белградский университет, машиностроительный факультет,
кафедра моторных автомобильных транспортных средств, г.
Белград, Республика Сербия

РУБРИКА ГРНТИ: 78.25.09 Военная автомобильная техника,
78.25.10 Бронетанковая техника

ВИД СТАТЬИ: оригинальная научная статья
Резюме:

Введение/цель: В данной статье представлен системный
подход к разработке серийного гибридного электрическо-
го гусеничного транспортного средства (ГЭТС), включая
выбор привода и соответствующей стратегии управле-
ния энергопотреблением (ЭМС).

Методы: Размеры элементов силового агрегата были
подобраны с учетом ключевых требований к производи-
тельности. Были предложены три стратегии управления
энергопотреблением: стратегия управления с помощью
термостата (ТCS), стратегия управления повторите-
лем мощности (PFC) и стратегия оптимального источ-
ника питания (OPSS). Оценка конфигурации трансмиссии
и трех предложенных стратегий была выполнена в сре-
де Simulink с использованием ездового цикла, включающего
значительное ускорение, торможение и рулевое управле-
ние.

Результаты: Результаты показали, что OPSS оказалась
лучшей стратегией, благодаря экономии топлива и низко-
му уровню изменчивости заряда батареи (SOC). Надо под-
черкнуть, что по сравнению с предыдущими испытаниями
того же автомобиля с параллельной гибридной конфигура-
цией были достигнуты значительно лучшие результаты.
Анализ результатов показывает, что предложенная кон-
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фигурация привода и стратегия управления обеспечива-
ют снижение расхода топлива на 53,79 %, что свидетель-
ствует о правильном выборе размера гибридного привода.

Выводы: Результаты данного исследования представля-
ют большую значимость для понимания влияния правиль-
ного выбора размера привода на экономичность транс-
портного средства. По сравнению с серийнымтранспорт-
ным средством, предлагаемая конфигурация обеспечива-
ет значительное улучшение, в частности, благодаря со-
ответствующему выбору размера. Согласно выдвинутой
гипотезе, наилучшей стратегией оказалась OPSS. Серий-
ная гибридная конфигурация с OPSS в качестве ЭМС ока-
залась лучшим кандидатом для использования ГЭТС.

Ключевые слова: гусеничная машина, гибридная маши-
на, энергопотребление, стратегия управления энергопо-
треблением, расход топлива.

ДИМЕНЗИОНИСАЊЕ ПОГОНА И УПРАВЉАЊЕ
ЕНЕРГИЈОМ ХИБРИДНОГ ГУСЕНИЧНОГ ВОЗИЛА РЕДНЕ
КОНФИГУРАЦИЈЕ
Стефан В. Милићевић, аутор за преписку, Иван А. Благојевић

Универзитет у Београду, Машински факултет, Катедра за моторна
возила, Београд, Република Србија,

ОБЛАСТ: машинство
КАТЕГОРИЈА (ТИП) ЧЛАНКА: оригинални научни рад

Сажетак:

Увод/циљ: У раду је представљен систематски приступ
развоју редног хибридног електричног гусеничног возила
(ХЕТВ) укључујући димензионисање погона и избор одгова-
рајуће стратегије управљања енергијом (ЕМС).

Методе: Елементи погонског склопа су димензионисани,
узимајући у обзир кључне захтеве перформанси. Предло-
жене су три стратегије управљања енергијом: термо-
статска стратегија (ТЦС), стратегија управљања праће-
њем оптерећења (ПФЦС) и стратегија оптималног изво-
ра енергије (ОПСС). Евалуација конфигурације погона и
три предложене ЕМС извршене су у окружењу Симулинк ко-
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ришћењем циклуса вожње који садржи делове са знатним
убрзањима, кочењима и управљањем.

Резултати: Резултати су показали да се ОПСС показа-
ла као најбоља стратегија због повећане уштеде гори-
ва и ниске варијације стања напуњености батерије (СОЦ).
У поређењу са претходним истраживањем истог вози-
ла са паралелном хибридном конфигурацијом, постигнути
су знатно бољи резултати. Анализа резултата показује
да се предложеном конфигурацијом погона и стратегијом
управљања потрошња горива смањује за 53,79%, што ука-
зује нато да је димензионисање хибридног погона правилно
изведено.

Закључак: Резултати овог рада су од великог значаја за
разумевање утицаја правилног димензионисања погона на
економичност возила. У поређењу са референтним вози-
лом, предложена конфигурација постиже значајно побољ-
шање, од којег се највећи део приписује адекватном димен-
зионисању. ОПСС се показала као најбоља стратегија, чи-
ме је потврђенатеоријска хипотеза. Показало се да је ред-
на хибридна конфигурација са ОПСС као ЕМС најбоља за
употребу у ХЕТВ-у.

Кључне речи: гусенично возило, хибридно возило, управља-
ње енергијом, стратегија управљања енергијом, потро-
шња горива.
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