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Gibalna enacba voazila

Vehicle’s equation of motion

Prof. dr. Jernej Klemenc



Koordinatni sistem vozila /
Coordinate system of a vehicle




Sile na vozilo v X-Z ravnini /
Forces that act on a vehicle in a X-Z plane




Sistem ravnoteznih enacb za vozilo /
System of vehicle‘s equations of balance

. Gibalne enacbe za nadgradnjo /
Chassis equatios of motion:

(1) Y. F,=m,-% =-G, -sina+X,+X,-R —(R))
2) D.F,=0=2+Z,-G, cosa

3) DY M, =0=—(M,+M,)-Z-I'+Z,-I" -
_Xl (hn _’/:vtl)_X2 (hn _I/:stz)_'—[Rp (hn _hp)]

Gibalne enacbe za prvo podvozje /
Font-axle equatios of motion:

(4) ZFM. =m,-x,=U_,—-X,-G, -sna
(5) ZFZ,Z. =0=P,—-Z,-G,-cosa

.el

z1

6) > M =J-¢=M-U_,r,—P



Sistem ravnoteznih enacb za vozilo /
System of vehicle‘s equations of balance

Gibalne enacbe za drugo podvozje /
Rear-axle equatios of motion:

Z c=my-X,=U_,—-X,-G, -sna
ZFZJ. =0=P,-7Z,-G,-cosu

ZMi =J,0,=M,-U_,-r,,— P, e,



Sistem ravnoteznih enacb za vozilo /
System of vehicle‘s equations of balance

(2)+(5)+(8): P,+P,=(G +G, +G,) cosa

G +G,+G,=G
6): J o M e
—=—-U,-P,—
7;t1 I;II 7;t1
%K_J

Ry

R _ I_le_Rfl

8 r

-(—)—9 J2.¢2 M2 _U —P .82
T x2 z2
I;t2 I;t2 I;t2
%f_J
sz
Sy 0, M, _U . —R
o x2 f2
I;t2 I;t2



Gibalna enacba vozila /
Vehicle‘s equation of motion

() +(4)+(6)+ (7)+(9):

Vy W =Y, <V

V=V,
o, = Sv=m-r,
Vo
.. X
Q; = s Xy, = X = X,
Vi

m +m+m,=m=G/ g

M1_|_Mz

rstl

:FK1+FK2:

rst2

G J J . .
= + I + 2 :|X+GSlnCZ+RZ+{€f1+Rf2J+(Rp)

g TFa'Tar TVax'Tan
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. Sile in navori na potiskanem kolesu /
" Forces and torques on a non-traction wheel

M; ... Navor za premagovanje
vztrajnostni kolesa / Inertia
equivalent torque

M, ... Navor za premagovanje
uporov v lezajih, venti-
lacijskih izgub itn. / Torgue
losses in bearings, due to
ventilation efc.

P
e M, M
R=U =7 —+—++—
rst rst rst
%r_J



Sile in navori na gnanem kolesu /
Forces and torques on a traction wheel

Pogonski navor kompenzira upore /
Driving torque compensates losses:

M e M, M,

—=/-—+ +—:U_ =0
rs‘f rsz‘ rs‘f Fm‘
%,_J
Ry

Pogonski navor za pogonsko silo /

Driving torque for a traction force:
M e M, M
— =L —t === =/
Fst ¢ Ts Tst
Sy e’




~ Kolesne obremenitve pri pogonu 4x2 zadaj /
Wheel loads for a rear 4x2 drive

Uy 1=F1
Ux,2=F2
Fi=F, —~
Mi2 /'
[
M \e M \\
L1 1 L2
- \> 4/ st 1 .
x,1\T;Z’1 «2
Rﬂ > sz

E=F>F , = L R slip
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~ Kolesne obremenitve pri pogonu 4x2 spredaj /
Wheel loads for a front 4x2 drive

Ux,1=|:1 \

U 2=F>

F1=F2
Zo
Mi,?ﬂ;\FZ/ /




Kolesne obremenitve pri pogonu 4x4 /
Wheel loads for a 4x4 drive

Ux,1=F1 \

Ux2=F>




