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Modulio tikslas

Suteikti i§samias zinias apie transporto priemoniy dinaminius procesus, jy ypatumus, problemas, iSugdyti gebéjimus suprasti vykstancius fizinius
procesus, juos matematiskai apraSyti, mokéti pasirinkti sprendimo metodus.

Aim of module

To provide detailed knowlegde about vehicle dynamics proceses, problems, their characteristics, mathematical modelling, to develop skilss to
understand the physicals processes occuring in them are described mathematically and to choose solution met

Suteikiamos Zinios ir gebéjimai

Suteikiamos Zinios apie transporto priemoniy dinaminius procesus, jvertinant netiesiSkumus bei gebéti sukurti dinaminiy procesy matematinius
modelis ir atlikti dinaminiy procesy tyrimus.

Provided knowledge and skills

Provided knowledge about vehicle dynamic processes, taking into account non-linearities and be able to create a mathematical model of dynamic
processes and make dynamic processes.

Modulio anotacija

Transporto priemoné (TP) nagrinéjama kaip sudétinga dinaminé sistema, kurig sudaro kieti ir deformuojami tarpusavyje sujungti netiesiniais fiziniais
(mechaniniai, hidrauliniai, pneumatiniai ir elektriniai) rySiais. Nagrinéjami sausumos, vandens ir oro transporto priemoniy (automobiliai, ratiniai
traktoriai, lokomotyvai, vagonai, vagonai-cisternos, laivai, léktuvai ir kt) dinaminiai procesai. TP dinaminiai procesai apraSomi netiesinémis
diferencialinémis lygtimis. Keliy nelygumy charakteristikos. Raty sgveikos su kelio pavir§iumi teorijos. TP rato matematiniai modeliai.
Deformuojamo rato matematinis modelis panaudojant BEM, jvertinant padangos dinaminius, hidrodinaminius ir termodinaminius procesus. Rato
saveikos su vandens sluoksniu esanc¢io ant kelio pavirSiaus (akvaplanavimas, Reinoldso lygtis). TP svyravimai priverstiniai ir stochastiniai
svyravimai, komfortabilumas. TP judéjimo stabilumas, stabilumo analiz¢ ir stabilumo zony tyrimas. TP stabdymo proceso dinamika. Lapunovo
ekspon

Module annotation

The vehicle considered as a complex dynamic system consisting of rigid and deformable bodies that are interconnected nonlinear physical
(mechanical, hydraulic, pneumatic and electrical) connections. Analyzed the land, water and air vehicles (cars, wheeled tractors, locomotives, wagons,
tank wagons, boats, airplanes, etc.) dynamic processes. Vehicle dynamic processes described by nonlinear differential equations. Road roughness
characteristics. Wheel interaction with the road surface theories. The vehicle wheel mathematical models, their comparison and analysis. Deformable
wheel mathematical model using the FEM for evaluating the tire dynamic, thermodynamic and hydrodynamic processes. Wheel interaction with a
layer of water on the road surface (aquaplaning, Reynolds equation). The vehicle stochastic vibrations, comfort. Stability of vehicles, the stability
analysis and stability Investigation zones. The vehicle anti-lock braking system (ABS) mathematical models. Dynamics of vehicle brak
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Savarankisko darbo turinys

Sav. darbo apimtis vienai uzduociai

Uzduociy skaiius

1§ viso valandy

Uzduoties pavadinimas - Priimta
Reézis NLS) | 1(S) (1) | NL(TD) NL(S) | I(S) I(T) | NL(T) [ NL(S) | I(S) I(T) | NL(T)
Baigiamasis egzaminas 40-160 60 1 60
Kitos savarankiskos studijos 1-200 76 1 76
Pasirengimas atsiskaitymui 16-40 40 1 40
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Doktorantiiros komisijos nutarimas
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2. Modulis skirtas mokslo kryp¢iai: Transporto inZinerija

3. Modulio atestacija galioja: nuo 2024-01-02 iki 2028-01-01
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Transporto priemoniy netiesiné dinamika
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Modulio kodas Kreditai Atsiskaitymo forma
Fakultetas Katedra B,A,M,1,D Modulio Nr.* 18 viso: 18 jy: KD, KS, KP I,EL, E2, E, BE,BD, TD, A KD, KS, KP
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| IStestinés studijos | I | | | | | | |

List of the Course lecture topics

Lecture topics

Number of hours

non-linear model, Muller model).

NL(S)| I(S) | I(S) [NL(T)
1. Vehicle, main systems, physical phenomena in systems (gyroscopic effect, 4
hydroplaning, hydrodynamic wedge, water hammer).
2. The vehicle is a non-linear dynamic system. Phase space, attractors. The concept of a 4
chaotic system. Nonlinear Dynamic Characteristics of the System.
3. Contact with solids. Setting the contact zone. Mathematical models of contact forces. 2
4. Force of friction. Relative slip, adhesion coefficient. Mathematical models of friction 4
forces.
5. Characteristics of road irregularities and their mathematical modeling. 2
6. Tire models (Lugre, Paceika, HSRI, Dugoff, elastic tire models). 3
7. Theories of railway wheel-rail interaction (the theory of Hertz and Kalker, heuristic 3

8. Interaction of a liquid and a deformable body. Reynolds equation. Pressure distribution | 4
in contact. The phenomenon of hydroplaning.

9. Position of a rigid body in space. Rotation angles (Cardan's and Euler's angles). 4
Rotation matrix.

10. Dynamic models of vehicle. 3
11. Methods to obtain the equations of motion of vehicles (Newton's second method, 3
Lagrange's equations of the first and second degrees, Hamilton's principle.

12. Linearization of a nonlinear dynamical system. True values and vectors. Stability of a 4
dynamic system. The concept of stability. Lyapunov function.

13. Methods for studying nonlinear dynamic systems (harmonic linearization method, 4
harmonic analysis, harmonic balance method).

14. Methods for solving equations of nonlinear dynamics. 2




15. Stationary random vibrations of a vehicle.

In total: | 48
List of the Course exercise topics
Number of hours
Lecture topics
NLES) | I(S) | I(S) |NL(T)
1. Mathematical calculations of the characteristics of several irregularities. 2
2. Dynamics of rigid bodies under conditions of body contact. 2
3. Simulation of friction forces, interaction of the wheel with the road. 2
4. Tire models (Lugre, Paceika, HSRI, Dugoff, elastic tire models). 2
5. Theories of interaction of railway wheels (Theory of Hertz and Kalker, heuristics 2
nonlinear model, Muller model).
6. Modeling of the hydroplaning phenomenon (Reynold's the equation. Pressure 2
distribution contacts).
7. Study of the stability of a dynamic system. 2
8. Study of a nonlinear dynamic system using (harmonic linearization method, harmonic 2
balance method).
9. Stationary random vibrations of vehicle. 2
In total: 18
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