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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 563.79% 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 (Milicevi¢ & Muzdeka, 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 (Milicevi¢ et al., 2021) proposed an energy management strat-

878



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 (Milicevi¢ &
Muzdeka, 2021), this powertrain is much simpler. It has no planetary gear
sets and no complex gearbox. Lack of the engine-sprocket mechanical
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connection enables the engine to work at the optimal operating point which
is the main advantage of this configuration.

Sprocket

Transmission

GeneratorH Engine

Battery
Motor pack

Transmission BN Mechanical
Electrical

Sprocket

Motor

Power electronics|

Figure 1 — Proposed powertrain configuration
Puc. 1 - lNpednazaemas koH¢huaypauyusi 2ubpudHo20 rnpusoda
Cnuka 1 — lNpednoxeHa KoHguaypayuja xubpudHoe rnozoHa

Component sizing

The main rationale of the hybrid drive concept shown in (Milicevi¢ &
Muzdeka, 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
I}, has to be equal to the sum of various resistances as follows:

Ftr:Frol+Faer0+Fgrade+En7 (1)

where F.., Focro, Fyrade, Fin are rolling resistance, aerodynamic resistance,
road grade resistance and inertial force, respectively. These forces are
given as follows:
Fro = fmvg cos
1 2
Faero = §CdApU (2)

Fyrade = myg cos aa
Fin = 5mva
where f is the coefficient of the rolling resistance, m,, is the vehicle curb
weight, « is the road slope angle, C; is the aerodynamic resistance

coefficient, A is the vehicle frontal area, p is the air density, V is the vehicle
speed, ¢ is the mass coefficient and « is the vehicle acceleration.

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

1
MR = ZMngL (3)

where p is the coefficient of the lateral resistance and L is the contact length
of the track. The coefficient p is calculated as:

b= fmaz(0.925 4+ 0.15R/B) ! (4)

where 4. is the maximum value of i, B is the vehicle tread and R is the
turning radius. The turning radius can be calculated from the equation:

B
R:—w2+w1
2(4)2—(4}1

S

where w1, w9 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 = I,V + MRW' (6)

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

1
Pz = (fmyg + §C’dA,ov2 + omya)Vy, (7)
where V; 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:

Fyramaz = (fmygcosa 4+ mygsina). (8)
The required torque is expressed as:
Tmax = gra,mazx * T = (fmvg COs & + My g sin a) e (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
Tabnuuya 1 — Ob630p xapakmepucmuK MalwUHbI
Tabena 1 — lNpeaned napamemapa eo3una

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 [m?] 5.4 Drag coeff. Cy [] 1.1
Air density p [kg/m7] 1.2258 Rolling resistance coeff. f [—] 0.07
Maximum gradeability [%] 60 Maximum speed Vinaz [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:

> ngrade,maac T (1 0)

- b
2 Tm,peak

tmin

where T'm, 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: o
< EM ,max (11)

tmaxr > >
ma:r:/r

where wg i, mae 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 P,,,,. 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 P,., = 227.34kW and the maximum
required torque of 20113 N'm 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 120k were considered in this study. After

12000
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Figure 2 — Combined torque-speed curve of the traction motor and the
transmission
Puc. 2 — Obwas xapakmepucmuka anekmpodguz2amersisi U mpaHCMuccuu
Cnuka 2 — 3ajedHuy4Ka Kapakmepucmuka efiekmpoMomopa U mpaHcMmucuje

adopting gear ratios of i1 = 12 and i» = 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 (Arikan, 2019):

Pmax

P = , (12)
n
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where P,,... is the maximum power needed in the silent watch mode and
n 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):

S

Ees = Lele " 77 >
‘/ele

(13)
where S is the required silent watch autonomy, V,,. is the vehicle speed
during silent watch (35 km/h) and P, is the power needed to drive the
vehicle in a pure electric mode defined as

1 1
Pele = E(mvgf + §CdpAV2) : ‘/a (14)

Using Eq. (12) and Eq. (13) with the desired performance parameters
from Table 1, a battery with the power rating of 1051/ and the energy rating
of 75kW h is selected for this work. The summary of component sizes is
given in Table 2.

Table 2 — Overview of the powertrain specifications
Tabnuua 2 — Ob3op xapakmepucmuk aubpudHozo npusoda
Tabena 2 — lNpeaned napamemapa xubpudHoe no2oHa eo3ursna

ltem Specification
Transmission Dual-stage with ratios: i1 = 12, i = 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

885

Miliéevic, S. et al, Component sizing and energy management for a series hybrid electric tracked vehicle, pp.877-896



Eﬁ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2022, Vol. 70, Issue 4

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 [SOC1,, SOCy]. Then, when the
SOC reaches the lower limit, the PS turns on and recharges the bat-
tery up to the SOCY; value, when it turns off again. The PS is typically
set at the most efficient operating point Ppgs,,:. The mathematical im-
plementation is based on the state S(¢) which determines if the PS
is active:

0, SOC(t) > SOCy
S(t) =41, SOC(t) < SOCY, (15)
S(t™) SOCL < SOC(t) < SOCy

where SOC, and SOCYy are the lower and upper limits of the battery
SOC, and the S(¢7) 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(¢).

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 SOC}, and SOCy 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:

0, SOC(t) > SOCy and Py, < Ppsmin

S(t) = 1, SOC(t) < SOCyL or P, > Pssmax (16)
S(t™) SOC(t) > SOCL and Pr, < Pssmax

where Pj, is the power demand, Ppg..;n, is the tunable minimum
power of the PS and Psg,.. is the maximum power of the SS. For
S(t) = 0 the PS power is always Ppg = 0, while for S(¢) = 1 the PS
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operation is defined as:

Ppsmin, SOC(t) > SOCy
Pps(t) = { Pu(t), SOC, < SOC(t) < SOCy (17)
Ppsmas SOC(t) < SOCy,

where Ppgq. IS the maximum power of the PS and P, (t) is given

as:
SOCy + SOCY

2

Po(t) = P+ Pch( - SOC(t)), (18)

where P, is the charging factor.

. 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

SOC — SOCnitial )
SOCrange ’

Ppsmin(SOC) = Py, + Py (19)
where Py, 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.

15
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Figure 3 — Created drive cycle for the EMS evaluation
Puc. 3 — PaspabomaHHbIl e30080U LUK/ 071 OUEHKU crmpameauu yrpasieHust
3HepeaornompebreHuem
Cnuka 3 — KpeupaHu YuKIlyc 80XH-€ 3a egarlyayujy cmpamezauje yripassbarba
eHepaujom

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
Puc. 4 - lNpogpurnb usMeHeHUs1 MOUWHOCMU NpomecmuposaHHbIX cmpameauti
yrpaerneHus sHepaoriompebreHuem
Cniuka 4 — lNpocbusn npomeHe cHaze KOO mecmupaHux cmpameauja yrpasibarba
eHepaujom

80 |---- PFCS AN
OPPS ~ PPt

0 200 400 600 800 1000 12‘00 1400 16‘00 18‘00 2000
Time [s]
Figure 5 — Charge profiles for the TCS, the PFCS, and the OPSS
Puc. 5 - [Juazpamma usmeHeHusi 3Ha4eHuli SOC omHocumernbHO cmpameaud
TCS, PFCS u OPSS
Cnuka 5 — [ujaepam npomeHe gapedHocmu SOC 3a cmpameeuje TCS, PFCS u
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 (Milicevi¢ 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
Tabnuua 3 — Bpems ucrnonb3oeaHusi dsuzamens CYC, ebipaxeHHoe 8
rpoueHmax om obwezo speMmeHU €3008020 YuK/a
Tabena 3 — Bpeme akmusupaHocmu momopa CYC u3paxeHo Kao rnpoueHam
YKYrHO2 8peMeHa mpajarba YUKIyca 80XH-€

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
Tabnuuya 4 — ConnocmaerneHue pacxoda mornausa rnpomecmupo8aHHbIX
cmpameaud yrpaeneHusi 3HepzornompebreHuem
Tabena 4 — lNopehere nompowre eopusa mecmupaHuUx cmpameauja
yrnpassrbara eHepaujom

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

890



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
Tabnuuya 5 — ConocmaerneHue ceputliHo2o u npednazaemozo 2ubpudHO20
rnpusoda u cmpameauu yrnpasrneHusi 3HepeornompebreHuem
Tabena 5 — lNopehere pechepeHmHoez u npednoxeHoa xubpudHoz no2oHa u
cmpameauje yripasibarba eHepaujom

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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MOLWHOCTbL W YMNPABINEHWE SHEPTOIMNMOTPEBJIEHVEM
TMBPYOHOWN I'YCEHWNYHOW MALUVHBI OBbIYHOW
KOHOUTYPALINA

CmegpbaH B. MununyeBmny, koppecnoHaeHT, MeaH A. bnaroesud

Benrpagckuit yHuBepcuTeT, MawMHOCTPOUTENbHbIA (haKymnbTeT,
kadepa MOTOPHbLIX aBTOMOOUITbHBIX TPAHCMOPTHBLIX CPEACTB, .
Benrpaa, Pecnybnuka Cepbus

PYBPUKA TPHTW: 78.25.09 BoeHHasi aBTOMOOUNbHAsA TEXHUKA,
78.25.10 bpoHeTaHkoBast TEXHUKA
BWO CTATbW: opurnHanbHas Hay4Has ctaTbsi

Pesrome:

BeedeHue/uenb: B daHHoU cmambe npedcmasrieH CUCmeMHbIU
nooxo0 K paspabomke cepuliHo20 2ubpuUOHO20 31IEKMPUYECKO-
20 2yCeHUYHO20 mpaHcrnopmHoz20 cpedcmea (FATC), eknoyas
8blbop ripusoda u coomeemcmayroweli cmpameauu yripasre-
Husi saHepzornompebrieHuem (OMC).

Memodbi: Pa3mepbi anemMeHmMo8 cuiiogoz2o azpezama bbinu
nodobpaHbl ¢ y4emom Krrodesbix mpebosaHuli K rpou3eodu-
menbHocmu. Bbinnu npednoxeHbl mpu cmpameauu yrnpaeneHusi
3HepeonompebrieHueM: cmpameausi yrnpaeneHusi ¢ NoMoUbo
mepmocmama (TCS), cmpameausi yrpagneHuss nosmopume-
nem mowHocmu (PFC) u cmpameausi onmumasibHO20 UCmOoY-
Huka numaHus (OPSS). OueHka KoHhucypayuu mpaHcMuccuu
u mpex rpeodroxeHHbIXx cmpameaul bbifia 8binosiHeHa 8 cpe-
Oe Simulink ¢ ucrionb3o8aHuem 3008020 LUKIIa, 8KITHOHYaWe20
3Ha4YumeribHOe yCKOPEeHUE, MOPMOXeHUE U pyriesoe yrpasrie-
Hue.

Pesynbmamel: Pe3synbmamai rnokasanu, ymo OPSS okasanacb
nyqwed cmpameauel, brnazodapsi SKOHOMUU MOnAu8a U HU3KO-
My YpO8HIo usmeH4yugocmu s3apsida 6bamapeu (SOC). Hado nood-
YepPKHYymb, YMO MO CPAaBHEHUIO C MPedbIOyWUMU UCTbIMaHusMu
moeo xe asmomoburis ¢ napasnnenbHol 2ubpudHoU KoHguzypa-
yued 6biu 0ocmuaHymbl 3Ha4UumesibHO JlyHuwue pesybmamsbi.
AHanu3s pe3ynbmamos rokasbigaem, 4mo rpeosioKeHHasi KOH-
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ueypayus npueoda u cmpameaus ynpasneHusi obecriedusa-
tom cHuUXXeHue pacxoda morinuea Ha 53,79 %, 4ymo ceudemerib-
cmeyem o npasusibHoM 8bibope pasmepa 2ubpudHO20 rpueoda.

Bbigo0s1: Pesynbmamsbl GaHHO20 uccredosaHus npedcmaeris-
tom 6osbWyto 3Ha4UMOCmb OJ1s1 MOHUMAaHUS 8TUSIHUS rpasusib-
Ho20o ebibopa pasmepa npusoda Ha IKOHOMUYHOCMb MpaHC-
rnopmHoezo cpedcmea. 1o cpagHeHuto ¢ cepuliHbIM MpPaHCcIopm-
HbiM cpedcmeom, npednazaemasi KOHQuUaypauus obecriequsa-
em 3Ha4yumersibHoe ynyJweHue, 8 YacmHdocmu, briazodaps co-
omeemcmeyroulemMy 8bibopy pasmepa. CoenacHo 8bi08UHymMol
eurniomese, Haunydweut cmpameauel oka3anack OPSS. Cepul-
Hasi eubpudHas koHgueypauus ¢ OPSS e kayuecmee OMC oka-
3anacek yqwum kaHoudamowm 0rnisi ucrnionb3osaHusi FOTC.

Knrouesble croga: 2yceHuyHasi mMawuHa, 2ubpudHas mawu-
Ha, aHepeornompebrieHue, cmpameaus ynpaesseHus 3Hepaono-
mpebrieHuem, pacxod morisiuea.

ONMEH3NOHUCAHSE MOIMOHA 1 YTNPABIBAHE
EHEPI’MJOM XMBEPUOHOI N'YCEHNYHOI BO3UITA PEOHE
KOHOUTYPALIMJE

Cmegpar B. Munuhesuh, aytop 3a npenucky, Mea+ A. bnarojesuh

YHusepsutet y beorpaay, MawwuHcku cakynTeT, Kategpa 3a moTopHa
Bo3una, beorpaga, Penybnuka Cpbuja,

OBJIACT: maluMHCTBO
KATEFOPWJA (TWM) YNAHKA: opurMHanHu Hay4Hu pag

Caxemak:

Yeood/uurb: Y pady je npedcmasrbeH cucmemamcku rnpucmyr
paseojy pedHoz xubpulHoz enekKmpuYHO2 2yCeHUYHO2 803ursa
(XETB) ykrbydyjyhu dumeH3uoHuUcaH-e noeoHa u uzbop odzoea-
pajyhe cmpameeuje ynpasrbara eHepaujom (EMC).

Memode: EnemeHmu no2oHckoz ckrnorna cy OUMEH3UOHUCaHU,
y3umajyhu y 0b3up Krby4yHe 3axmese nepghopmarcu. [lpediio-
JKeHe Cy mpu cmpameeauje yrpasibarba eHepaujoM: mepmo-
cmamcka cmpameauja (TL{C), cmpameauja ynpasrbar-a rpahe-
wem onmepehemsa (MPOLIC) u cmpameeauja onmumarsHoa U3eo0-
pa eHepeuje (OlCC). Esanyayuja KoHgbuaypauuje rnosoHa u
mpu npednoxeHe EMC usspweHe cy y okpyxery CUMyUHK KO-
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puwherem YuKITlyca 80XHe€ Koju cadpxu derioge ca 3HamHUM
ybp3aruma, KoHeruma U yrpasrbaHem.

Pesynmamu: Pesynmamu cy noka3sanu 0a ce OlICC nokasa-
na kao Hajborba cmpameeuja 3602 nosehaHe ywmede 2opu-
8a U HUCKe gapujayuje cmara HaryHheHocmu bamepuje (COL).
Y nopehewy ca npemxo0HUM ucmpaxuearbeM Ucmoe 603u-
J1a ca naparnesniHoM xubpuOGHOM KOHgbuaypayujom, nocmuaHymu
cy 3HamHo bosbu pesynmamu. AHanu3a pesynmama rokasyje
Oa ce npedrnoxeHoOM KOHgbuzypayujom rno2oHa u cmpameaujom
yrnpassrbarba nompouwlrba 2opusa cMamyje 3a 53,79 %, wmo yka-
3yje Ha mo da je uMeH3UOHUCaH-e XUbpUdHoO2 rno2oHa rnpasusiHo
u38e0eHo.

Bakmpyyak: Pesynmamu ogoe pada cy 00 geflukoz 3Havaja 3a
pa3symesarbe ymuuyaja rpasusiHoa OUMEH3UOHUCaHa Mo2oHa Ha
€KOHOMUYHOCM 8o3urna. Y nopehemy ca peghepeHmHUM 803u-
oM, ripedrioxeHa KoHguzypayuja nocmuxe 3Ha4yajHo nobosnb-
ware, 00 Kojea ce Hajeehu deo npunucyje adekeamHOM OUMEH-
3uoHucary. OFCC ce nokasana kao Hajéorba cmpamezuja, Yu-
me je nromepheHa meopujcka xurnomesa. [Noka3sarno ce da je ped-
Ha xubpudHa koHgueypauyuja ca OlCC kao EMC Haj6éorba 3a
yrnompeby y XETB-y.

KrbyyHe peyu: 2yceHU4YHO 803urs1o, XubpudHo 803uslo, yrpasiba-
e eHepeaujoM, cmpameeauja yrpasrbarka eHepaujoM, nompo-
WwH-a eopusa.
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