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7Conclusion: 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 (Muždeka 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), (Dalsjø, 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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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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7Резюме: 

Введение/цель: Гибридная технология успешно применяется в 
автопромышленности легковых и коммерческих автомобилей. 
Руководствуясь успехом и преимуществами гибридных 
технологий, многие оборонные организации по всему миру 
инвестируют в разработку гибридных технологий для боевых 
машин и разрабатывают прототипы гусеничных бронемашин, 
которые расходуют намного меньше топлива, отличаются 
лучшей производительностью, меньшим выбросом выхлопных 
газов и дополнительными возможностями. Однако перед вводом 
в боевую эксплуатацию гибридных гусеничных бронемашин 
необходимо решить различные технические проблемы. На 
данный момент был проведен целый ряд испытаний 
прототипов, но все еще существуют ограничения, 
относящиеся к ключевым технологиям, таким как: 
электродвигатели, проводниковая электроника и накопители 
электроэнергии. В условиях финансовых ограничений нельзя 
допускать ошибок и тратить много ресурсов на планирование, 
создание прототипов и испытания. 

Методы: Следовтельно, разумным решением было запустить 
программное моделирование, с помощью которого можно 
исследовать различные параметры в имитационных условиях, 
которые более или менее имитируют реальные условия 
эксплуатации. В данной статье было представлено одно из 
возможных решений, касающихся выбора соответствующих 
технологий гибридного привода, предложено системное 
решение для гибридного привода бронемашины М-80А. В целях 
осуществления данног плана, была разработана имитационную 
модель гибридного привода с помощью программы 
MatlabSimulink. 

Результаты: Результаты, полученные при моделировании, 
показывают, что предлагаемое решение гибридного привода 
обеспечивает лучшую производительность транспортного 
средства. 

Выводы: При моделировании проверялись только параметры 
поворота, но эта модель может быть успешно примененав 
испытанияхпараметров при прямолинейном движении. Кроме 
того предложенную модельможно применять для испытания 
параметров и алгоритмов котроля трансмиссии. 

Ключевые слова: гибридный привод, боевая машина, параметры 
гусенечных машин, гибридизация, MATLAB, Simulink. 
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