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Balance of forces that act on a vehicle
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Static force balance on a hill
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Universa o juoni Static force balance on a hill

. Estimating a center-of-gravity height.
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Universa o ubland Dynamic force balance on a hill during acceleration

Fakulteta za strojnistvo

IATH|

, d
] .
R,
M —a_ R
L1 S
+ } h S //
n 0 G

Z - l=1""G-cosa—h, -(G-sima+R +R_)-
_(hp 'Rp)_Mﬂ _Mi%_MLl _ML2

Vv

~0




Dynamic force balance on a hill during acceleration
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Maximum traction forces

Front-wheel drive:

A

=
T

Htrm

Traction coefficient

Utr,g

0

E,max — Zl ) luH,max — Zl ) lutr,m

[" h
E,max :Iutr,m '|:7'G‘COSQ'—7”'(E
E,max l”+hn f
=M, -COSc-
G ’ Z+hn ./utr,m

i —f-G-cosa)}



Maximum traction forces
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. Rear-wheel drive:
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Univerza v b Dynamic force balance on a hill during braking
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Dynamic force balance on a hill during braking
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et Maximal braking forces
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b Maximal brakin g forces
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Univerza o jubljant Vertical axle force-balance during cornering
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] No suspension between a chassis and an axle:
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Univerza o jubljant Vertical axle force-balance during cornering
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[ With suspension between the chassis and the axle:
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AXxle torsion stabilizer




Wheel-suspension types
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. * Independent suspension with double wishbone arms:




Wheel-suspension types
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] *  “multi-link” suspension with a transverse trailing arm:




Wheel-suspension types
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. * Independent suspension with a space-oriented trailing arm:




Wheel-suspension types

Rigid axle with a Panhard-rod.




Wheel-suspension types

Univerza v Ljubljani
Fakulteta za strojnistvo

. * Rigid axle with longitudinal links:




Wheel-suspension types
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Double-chamber oil shock-absorber:

Steel springs:
— A package of leaf springs (construction vehicles);
— Torsion bar spring (Renault 4, 5-1);

— Torsion coil spring (the most common suspension type of
modern vehicles).
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Wheel-suspension types

« Composite bending spring (epoxy resin + glass fibers) —
Chevrolete Corvette:
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b o Wheel-suspension types

N * Pneumatic and hydro-pneumatic suspension — spring
characteristics of a pneumatic spring:

p-V" = konst.

n=1,4=> isentropic curve
n = 1,3=> polytrophic curve



Universa o julont Wheel-suspension types

. * Pneumatic and hydro-pneumatic suspension — spring
characteristics of the pneumatic spring:
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Wheel-suspension types
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[] * Pnevmatska vzmet z odvaljnim batom / Pneumatic spring
with a piston support.
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Wheel-suspension types
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] « Citréen hydro-pneumatic suspension system (one axle):
Gas
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e V@FtiCa@l vibrations of suspended elements
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L] Vehicle with independent suspension:

Degrees of freedom:

- Vertical diplacements of wheels: 2y, Zx1p, ZkaL, Zk2D
- Vertical diplacements of chassis: z,

- Rotations of chassis: (xz, {y:




e V@FtiCa@l vibrations of suspended elements
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] Vehicle with rigid axles:

Degrees of freedom:

- Veertical diplacements of wheels: 2y, Zk1p, Zka,L, Zk20
- Vertical diplacements of chassis: z,,

- Rotations of chassis: {xz, {yz
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Vertical vibrations of suspended elements

Planar vehicle model:

Degrees of freedom:.
- Vertical diplacements of axles: zx1, Zko
- Vertical displacement and rotation of chassis: z,, {x.
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wenes — \@FEiC@l vibrations of suspended elements

L] An example of governing equations for the planar model of the
vehicle:
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Vertical vibrations of suspended elements
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. * Presumptions:

Zyy > 21, > h,
Zy, >z, > h,

Zy, > Zy
Zyg>Zpg > h,

Zy, >z, > h,
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e \f@FEICAI ViDrations of suspended elements

N * Governing equations:
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e V@FtiCa@l vibrations of suspended elements
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L] « System of differential equations of the 15t order for local
coordinate systems (*) and matrix formulation:
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e \f@FEICAI Vibrations of suspended elements
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e \f@FtiCAl vibrations of suspended elements
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wenes — \@FEiC@l vibrations of suspended elements

. » Numerical solution of the system of differential equations with
an implicit derivation according to Euler:

y(n+1)—y(n)
t(n+1)—t(n)

y(n+1)=
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