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Abstract

Currently, the majority of cargo transported by multi-axle long and heavy-haul motor vehicles, most of which
have possibility of front axle wheels are steering only.

In the case of performing the obstacle avoidance maneuver, the overtaking maneuver or the parking
maneuver, they are a significant difficulty for the driver because of the width of the occupied road lane when
the vehicle moves on the road curve, lane which is wider than greater is the front wheels steering angle and greater
overall vehicle length.

The occurrence of the of excessive lateral tire slip phenomenon when driving on curved road track is the cause of
accelerated wear of tire tread, which together with a large number of wheels would lead to higher operational costs
of such vehicles.

This work using a spatial dynamic model of the vehicle consisting of a two-axle tractor and three-axle trailer with
many degrees of freedom, with the possibility of all the wheels steering, moving on a road curve, is a qualitative analysis
of the wheels steering problem aimed at the avoidance of slip in the pneumatic tire - road surface coactions area.

The model of coactions of pneumatic tire with the road surface, side drift included, together with accounting the
phenomenon of asymmetrical loading of the vehicle chassis and drive train was adopted.

Control for all the wheels steering should lead to an overlay or the maximum approximation of the front
axle wheel tracks with the rear axles wheel tracks for the of articulated long-haul truck assembly moving on the
road curve.

The solution of model equations of motion for the vehicle considered will allow for the definition of the
relationship between the front axle and rear axle wheels steering angles and velocity of movement of the mass centre
of articulated haul truck assembly for the given set of design and operating parameters.

The designation of the vehicle track will be possible.
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1. Introduction

The multi-axis and articulated vehicles and long-haul special cargo vehicles [1, 3, 8, 11, 17],
when performing the avoidance or overtaking maneuver, are often exposed to the occurrence of
slip phenomenon in the tire with road surface coactions area due to the structure of their chassis.
Parking maneuvers of such vehicles are significantly more difficult.

Therefore, the design solution of a steering wheels or steering axles is coming back, both in
vehicles as well as in multi-axle trailers.

This work using a spatial dynamic model of the vehicle - the articulated truck unit consisting of
a two-axle tractor and three-axle trailer with many degrees of freedom, is a qualitative analysis of
the problem of wheels steering aimed at the avoidance of slip in the pneumatic tire - road surface
coactions area.

In the literature of this issue [4-7], the flat vehicle models taking into account the hypothesis of
lateral drift have been considered in dealing with issues of vehicle stability and controllability.
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2. Description of the vehicle model

It was assumed that the vehicle - the articulated truck unit with steerable wheels, the model of
which is shown in the figure below is a set of seventeen conventional solids: sprung masses (solids
1s and 1n), the suspension non-sprung masses (five solids), and ten pneumatic wheels (solids Ki,
where i = 1-10).

It is assumed, that the tractor and the trailer centres of masses are in a longitudinal vertical
symmetry planes of the solids 1s and 1n.

The non sprung suspension masses (solids 2s and 3s and solids 2n-4n) include the non-sprung
masses of all elements associated with the wheels.

It is assumed that centres of masses lie on the longitudinal vertical symmetry plane of these
solids at the height equal to the dynamic radius of the vehicle wheels.

The tires have elastic properties in the lateral and radial directions, dependent on tire pressure
and radial load on the wheel.

Distance from the road surface to the lateral roll axis of all suspension axles is constant.

One neglects the variation of the distance of the solids 1s and 1n masses centres from the roll axis s.

These simplifying assumptions impose constraints on the possible mutual displacements of these
solids and driving wheels, limiting the number of model degrees of freedom to the twenty-eight.

They are:

- two displacements of a selected point on the tractor in the parallel to the road horizontal plane - X, Y,
- two displacements of a selected point on the trailer in the parallel to the road horizontal plane - X, Y,
- the rotation of the entire tractor system relatively to the axis perpendicular to the road

plane - angle &,
- rotation of the entire trailer system relatively to the axis perpendicular to the road plane —angle 6,

- rotation of solid 1s relative solids 2s and 3s in a vertical transverse plane —angle %,

- rotation of solid 1n relative solids 2n, 3n and 4n in a vertical transverse plane —angle ¢,,,
- rotation of solids 2s and 3s in a vertical transverse plane —angles ¢, 1=2-3,

- rotation of solids 2n, 3n and 4n in a vertical transverse plane —angles ¢, i=4-6,

- rotation of the wheels relative their own horizontal rotation axes - the angles ¢; 1=1-10,
- rotation of the wheels around their vertical steering axes passing through the wheel centre - the
angles ¢; 1=1-5,
The rectangular clockwise Cartesian coordinate systems shown in Fig. 1 were defined:
1. OXYZ - is the absolute stationary coordinate system placed in a fixed reference system for
which the Earth was assumed.
2. XY plane is the road surface plane on which the vehicle is moving and the point O is the
starting point of the vehicle motion path.
3. The direction of X axis is tangential to the desired vehicle trajectory at the starting point O, and
its direction designates desirable vehicle movement direction.
4. The Z axis is directed vertically upwards.
Ssxsyszs and Snxnynzn - auxiliary coordinate systems with axes always parallel to the
respective axes of the OXYZ coordinate system.
As the beginning of the relevant system the points Ss or Sn were assumed, lying on the Ss or
Sn transverse roll axis.
The points of Ss and Sn are the vertical projections of mass centres Cs of the tractor or Cn of
the trailer (at rest) to these axes.
Location of points Ss and Sn is constant respectively of solids 1s, 2s and 3s and respectively of
solids 1n, 2n, 3n and 4n.

They are rigidly connected with these solids.
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Coordinate systems Ssxsyszs and Snxnynzn are in progressive motion relative stationary
OXYZ coordinate system.
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Fig. 1. The five axle vehicle model (a physical model structure)

SsSicheS1c and Sn &G - moving coordinate systems rigidly connected to the solids 1s and
1n, are suspended at the points S; and S, respectively.
Axes Sic,S1c and Sin, S1n lay in the vertical symmetry plane of the solids 1s and 1, and axes 7.

and 7., are perpendicular to this plane.
The axis S is the longitudinal axis of the tractor and axis &1 is longitudinal axis of the trailer.

Systems Ss&ic7cS1c and SnéiinS1n move in flat motion, in relation to stationary system
OXYZ and in rolling motion in relation to moving coordinate systems Ssxsyszs and Snxnynzn

respectively to the axes Sic, S1n and specified by the angle &:or 6, and rotation about an axis Sie
or S1n defined by an angle #.or 4.
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Si€icMicSic 1=2,3 and S;& n7,.¢,, 1=4,5,6 - moving coordinate systems rigidly linked to
the solids 2s, 3s or solids 4n, 5n and 6n , suspended at the points Si respectively.

Axes &. and &, lie in the solids vertical symmetry plane and axes 77 and 7, are
perpendicular to this plane.

Axes i and &, are the tractor and the trailer longitudinal axes.

Systems Si&icicSic and S;&.7ingin Move in flat motion, in relation to stationary system OXYZ
and in rolling motion in relation to moving coordinate systems SeXsysZs and SpXnynzn respectively
to the axes Sic, S, and specified by the angle & or 6, and rotation about an axis i, i defined

by an angle #cor @n.
SkiSkilkiSki i=1-10- a moving coordinate system associated with the wheel solid Ki

suspended at the wheel axis at a S«i point.

Axes ki and Ski lie in the vertical wheel symmetry plane, and axis 77« is perpendicular to this
plane.

3. Construction of mathematical model

In the issue literature [4, 8, 11, 13, 16] one can meet various assumptions for modeling the
dynamics of the automobile vehicle, depending on the complexity of the model.

Below are presented the basic assumptions for modeling the transverse motion dynamics of the
articulated truck unit with all wheels steered.

The vehicle moves along a dry and smooth road surface, and there are no clearances in
connections between the conventional solids.

During ride on the curved track all conventional solids perform appropriate rotations by the

angles #i » % 15 around the tractor roll axis s, and by the angles &%, %, and ¢, around the
tractor roll axis Sn.

This assumption is particularly essential in relation to trucks.

In addition, each solid of the vehicle performs a rotation around the vertical axis perpendicular

to the road surface by the angle &, and &, and moves toward the tractor and trailer longitudinal
axes as if they were rigidly connected with each other.

It is assumed that in the case of linear motion the tractor and trailer roll axes are collinear.

The aerodynamic forces and moments acting on the vehicle sprung mass are not taken into
account.

The elastic and damping properties of the vehicle suspension are taken into account.

The vehicle model takes into account the rotation of the wheel around central main axes of
inertia (the wheels angles of rotation &; and wheels steering angles #;).

Whichever model of coactions between the tire and the road surface can be used [2, 8, 11, 12],
with assumption that the constant contact of pneumatic wheels with the road surface is kept, so
there are no wheels slipping.

Forcing the direction of vehicle trajectory is caused by changing the steering wheel angle of
rotation, and all the forces acting on the vehicle are concentrated.

All vehicle wheels are the steered wheels.

The wheels of the second axle are the driving wheels.

Reactions of the road acting on the wheels: longitudinal, lateral and vertical are concentrated in
one point of intersection of the vertical axis of wheel steering with the road plane.

Schematics of articulated haul truck with indications of geometrical dimensions and kinematic
values are shown of the Fig. 2.
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The change of kinematics of the articulated vehicle occurs depending on the assumed velocity
V¢ of the tractor centre of mass.
The vehicle is laden with lateral forces Pi between the road surface and tires, and lateral drift

angles Ji assume the small values.

The Fig. 2 shows a setting of vehicle wheels in the curvilinear motion.

The wheels of the first and the second axle and the wheels of the third, fourth and fifth axles
are steered in opposite directions.

Thanks to this, the extensions of the wheels axes of rotation can intersect at one point, known
as the vehicle instantaneous centre of rotation.

Thanks to this the vehicle wheels can roll with the small lateral slip on the road curve,
therefore, the tire wear will be small, a very important parameter for a large number of wheels, and
tire durability will be great [13, 14].

Designations posted on the drawings and equations respectively define:

ai1,a2,a3,a4 ,b1,b2 ,C1,C, €, - geometrical dimensions of the vehicle model,

h,- hy - the heights of the respective solids masses centres relative of rolling
axis s,
S¢1S9pS2 - S - respective vertical projections of the tractor and trailer solids centres of

masses and projections of the respective non-sprung solids centres of
masses on the roll axes S, and S,

0, and 9, - angles between the tractor and the trailer longitudinal axis and axes X
and X, of coordinate systems Xsyszs and XnYnZn,

A - the angle between the tractor axis and the trailer axis,

0¢1 04,05~ Oy 0; - the average drift angle of the tractor and trailer axles, points (20 - 60)

lying on the tractor and trailer axles and on the centres of respective
vehicle wheels,

Ri.V; - vectors of points positions and velocity,

?; - wheels steering angles i =1-5,

€ki - wheels rotation angles,

V¢, Vi - velocities of the tractor and trailer centres of masses,

Vsi - velocities of vehicle wheels centres,

Pi - the road surface lateral forces effect on the vehicle,

W, W, and W, - W, - the vehicle movement resistance forces, Ws, and W, - driving forces,
Z,-Zy, - respective wheel vertical load,

Jsi - the moment of inertia of the iy, solid respective rolling axis s,
Jbi - the moment of inertia of the iy, solid respective axis 77,

Ji - the moment of inertia of the iy, solid respective axis z,

Ja - deviation moment of inertia of solid,

m; - mass of the iy, solid,

Mki - mass of the iy, wheel,

Jk - moment of inertia of the wheel with regard to its rotation axis,
Jka - moment of inertia of the wheel with regard to ¢ axis,

4 - angular velocity of the wheel steering movement.

In this model, it is assumed that centres of masses of solids 2s, 3s and solids 2n, 3n and 4n lie
in the planes 7icSic Or 7inSin.
It is understood that the angles #..#, are small, this also applies to the first derivatives of
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these angles.

Disorders in the form of wind blowing in a direction perpendicular to the longitudinal axis
of the vehicle did not occur.

Therefore, disrupting forces and moments are equal to zero.

We also assume small values of the h; - the centres of masses heights relative to the rolling
axis Sc, Sn (see Fig. 3).

Mass of the transaxle, the tractor and trailer axles (m2c, m3c, m2n ,m3n and m4n) and masses
of the wheels are much smaller than the whole vehicle mass.

At the same time they are included in the entire vehicle mass.

In the issue literature, most authors treat deviation moments of inertia of the solids 2 - 5 as the
higher order small values [16].

It is also assumed, that the road surface lateral forces effect on the vehicle individual wheels
comply with the equality: P1=P2 , P3=P4 , P5=P6 , P7=P8 , P9=P10.

The same value of transverse rigidity of front and rear pneumatic wheels and the same side
drift angles for the left and right wheels was assumed.
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Fig. 2. The five axle vehicle model (a projection view on a plane 5107710 /A
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Fig. 3. The five axle vehicle model (a projection view on a plane 73S 3c OF 760 Sen )

The vehicle equations of motion derived using Lagrange equation of the second kind have the
following form:
For the tractor:

m, -V e—m, -C, - (6,-sin6, —0:%-c0s6,) =2 (—P, ¢, + P, - 0, +
-W, +W,)-cosé. +2-(-P, — P, +W, -, +W, - 9, ) -Sin &, (1)

. . .2 . .2
Mg -Ve+my -[C -(0c-c080, =6, -SiN6, —@,.- P -SinG, — ¢, -sinb, +

. . . .2 . .2
_¢1c'ec'¢lc'Cosgc)+h1'(_¢1c+¢lc '¢1c)]+mlc'hl'(_¢1c+¢lc '¢lc):
2-(=P - +P, -, —W, +W,)-sin@, +2-(-P, = P, +W, -, +W, - p,) - cOS I, (2)

m '[(_V‘cy'¢lc +sin ec _ch'¢‘lc'5in0c _ch‘H; '¢lc 'COSHC) G+
+ (_V;:y+vcy'¢lc'¢1c)'h1]+ Jslc '(¢;C'COSZ ec _¢'lc'0'c'5in2'9c)+
+ Jge (B SIN* 0, +6,,-0,-5i0 2-0,) =My, Vo, [(6, 6y, €080, + i -sin0,) ¢, +

+¢‘lc'¢lc 'h1]+2'[C220 '(¢‘10_¢‘20)+Cz3c '(¢ic_¢;sc)]'e2 +

2
+2'[k220 '(¢1c _¢Zc)+k230 '(¢lc _¢30)]'e2 = My, 'hlc (¢1 O +9c e )’ (3)
. . 5 . 5 .2
My - - (=Vox-SiNG, +V o-c0s6,)+ > J,-0,-05-> I -4, -sin20, +
i=1 i=1
5 .2 . .
+O'5'Z‘Jbi'¢ic 'Sin260+‘]d1'¢1c'(9c'(9c:2'[(_P1+W1'¢1)'a1+
i=1
P e+ (P -W;-9,)-b]. (4)
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For the trailer:
2

M -V =M, -C,. - (6,-Sin0, -6, -c0sb,)=2-(-P, @, + P, -, +
+Py - —W, -W, -W,)-cosb, +2-(-P, +—-P, — P, +
. 5
+W -, =W, -, =W, - ¢5) -sin 6, , ®)
m, -V, +m, [c,-(6,-cosg, -6, -sinf, —¢,,- ¢, -sino, —¢lnz -sin@, +
2
_¢1n'9n'¢ln 'Cosen)+h1n '(_¢1n+¢1n '¢1n)]+m1n 'hln '(_¢1n+¢1n '¢ln) =
2:(-Ps -0y + P, -y + Py - g =W =W, —W,)-sin g, +
+2- (=P =P, =By + W5 - 0, =W, -0, =W, - 5) - cOS O, (6)
my, '[(_V'ny'¢ln -sin en _Vny'¢]'.n'Sian _Vny'er'1 '¢1n 'Cosen) C, +
+(_V'ny+vny'¢ln'¢ln)'hln]+‘]sln -(¢;n'C052 en _¢;n'9n'8in2'9n)+
+‘]b1n '(¢;n'8in2 en +¢‘ln'9.n'5in2'9n)_mln 'Vny'[_(gn'¢ln 'Cosen +
+¢ln'3inen)'cz ++¢ln'¢ln ’hln]+2'[cz4n '(¢1n_¢4n)+czsn '(¢1n_¢5n)+
+Cuen (¢1n_¢6n)]'e2 + 2'[kz4n '(¢1n _¢4n)+ szn ’ (¢1n _¢5n) +
.2 .
+ szn '(¢1n _¢6n)]'e2 =my, - hln '(¢1n ‘0, +0n -1 )’ (7)
. . 5 . 5 .
My C - (—V mc-SiNG, +V y-c0s8,)+ > 3, -6,-05-3 3, -, -sin26, +
i=1 i=1
2

5 . . .
+0'5'Z‘]bin '¢in 'Sinzan +‘]d1n '¢1n'9n'9n :2'[_P5'<03'a2+

i=1
+(Ps =W - ;) (a, +3;5) + (P, -W; -9,)-a,]. (8)
Two equations for the solids 2 and 3;:

‘]si '(¢;C'COSZ ec _¢;c'00‘3in2'0c)+Jbi ‘(¢'i'c'5in2 05c +¢.ic‘0'c'5in2'ec):

S , (9)
=2'Czi ‘(¢1c_¢1c)‘e +2'kzi '(¢ic_¢lc)'e +2'kki '¢iCa
where i =2. 3.
Three equations for the solids 2,3, 145 :
‘]si '(¢;n'C052 an _¢;n'0n'5in2'0n)+Jbi '(¢;n'5in2 an +¢;n'9n'5in2'en):
(10)

=2:C, (P t) € +2-K,; (B ) -€° +2-K 4,

where i =4, 5, 6.
Using the condition of an articulated tractor and trailer connection in section 30 (Xso, Y30), One
can write an equation for the velocity of the trailer mass centre V, and lateral drift angle of the

0,

trailer centre of mass “n, which take the form:

V, {VC -cos;x+(vC -0, +b- dd%)siny}/cos& :
(11)

S, :{—VC ~sin}/+(vC 0, +b- deCJ-COSWral'M}/Vn -
dt dt
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The angle y between the tractor longitudinal axis and the trailer axis can be calculated from the
expression:

7/:0c_9n' (12)

Using a simplified wheel theory [2, 5, 8, 13] the forces and moments acting on the wheel can
be determined.

The equations of motion for the wheels of the first, third, fourth and fifth axles (these wheels
are non-powered) have the form:

Jg & =1y (F =2 - f =Fy —Fy) where:i=12 ori=5-10. (13)

For the wheels of the second axle, or the driven external and internal wheels the equations of
motion take the form:

J & =05M,+£05-m, -sgné—r,-(F,—Z,-f —F,) (14)

for i =3 (- sign), and for i = 4 (+sign).
The equations of motion for the steering wheel on the assumption, that the steering angles of
the respective axles are the same, are as follows:

. 5
JK'&i:zMiskrl (15)
i=1

where designated:

rq - the dynamic wheel radius,

Fi - a horizontal force forcing the movement of ongoing wheel, or countering the movement of the
driven wheel,

Z; - the instantaneous vertical wheel load,

f - coefficient of wheel rolling resistance,

Fsr- resistance force of the wheel steering movement,

Fuk-force of inertia of the wheels in progressive motion,

my - torque of friction forces,

Mk - steering wheel torque.

Assuming small values of the lateral drift angles [5] and the same values of steering angles ¢,
for the front axle wheels, and @,, ?s, @, and ?s for the steering angles of vehicle wheels of

following axles respectively, one gets dependences for angles of the lateral drift for respective
wheel axles:

a, do b, do
o = - 1.77c S. =—@, +0. + +.° "¢
1= P10 v, dt 2 2 T Oc v, dt
é‘3:_§03"‘§n"'&'d€n O, ==, + 9, (@ +2,) di’ (16)
v, dt v, dt
a, do
Os=—@Qs+0, +—+-—"
5 = ~Ps T O o dt

The solution of systems of equations of motion allows to designate the functions

0, (1), 6. (1), 6,(t), 6, (1) necessary to determine the coordinates of points 20 (Xz0 ,Y20), 30 (X0
,Y30), 40 (Xa0 ,Y40) and 50 (Xso ,Ys0) and then to designate the coordinates of each wheel centre in
the XY coordinate system (see Fig. 1).

The components of velocity vectors Vi (Vzox ooy )'\730 (Vaox +Vaoy )’\740 (V40x Vo )’\750 (Vsox +Vsoy )
hooked in centres of wheel axles designated as 20 (X2 ,Y20), 30 (X30,Y30) , 40 (Xa0,Y40),50 (Xs0 ,Y0)
(as Fig. 2) can be written in the form of a matrix:
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v Vv
Vzox} ¢ {Vsox} c
= do. - A, = do_ L. A,
vl R B A (TN
\Y
Vaox} " {me} n
= dé, \}-B, = do \\.B,
{V3OY N (Vn -0, —b, - at j Vv J (Vn -0, +a, - it j (17)

Vv
{V5ox} _ Vo n d@n B, {Veox} _ V.5 d@n .B.
V50y N n’ n+(a2+a3)' dt VGOY N nOntay- dt
Indices C and N in the matrices denote the tractor and trailer, respectively.
Where A and B are matrices of the form:

A:{sineC (—cosec)}l B:{siné’n (—cos@n)}' (18)

cosd,  sing, cosg, sing,

In further part it is assumed, that the wheel steering angles of the first ¢, and fourth @, axles
are equal.

For this assumption from the condition of perpendicularity of vectors \720 and ﬁzo and

\750 and ﬁso, one can specify the location of the vehicle instantaneous centre of rotation designated
as O (Xo, Yo) from the scalar product of equations:

\720 Ry =0, \750 ) R50 =0. (19)

The coordinates of the vehicle instantaneous centre of rotation are determined by the
expression: ,
= Xy AL+ X - BL+Yy =Yy
- Bl- Al ' (20)
Y, = X, Al— X, - AL+Y,,,

Xo

where Al and B1 determine dependences:
V20X _ Al VSOX

- Al - B1.
V20Y V50Y (21)
For the third and fourth axle one can write the equations:
Vi Ry =0, Vi Ry =0. (22)
Therefore, we obtain the expressions:
_ (Yo _Yso) V _ (Yo _Y4o) (23)

Vyou = : V, =— ool oo
30x (XO_X30) 30y,, 40x (XO_X40) 40y

Coordinates of points: 30 (X3o, Y30) -centre of the third axle and 40 (X40, Y40) -centre of the
fourth axle can be determined from the geometrical dimensions of the vehicle (see Fig. 2).
From conditions of equal projections of velocity vectors on the tractor and trailer longitudinal axis
of symmetry the equations follows:

‘\720‘ +C0S(0, — ) = ‘\730 ‘ €0S(55 — 9,),

24
‘\740‘ +C0S(Ogy + 903) = ‘\750‘ -C0S(J5y + ¢,). @)
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Taking into account the above equations the coordinates for centres of the fourth and fifth axle
- 40 (X0, Ya0), 50 (Xs0, Ys0) are determined, then one can specify the components of velocity

vectors: \740 (V4ox Naoy )’\750 (Vsox Vsoy )

After the transformations the steering angles of the fourth and fifth axles ¢, and ¢s are
designated for the assumed condition of wheel path tracking of the first and fifth axles of
articulated vehicle.

The length of the vehicle is greater, them the differences between successive wheel steering
angles are bigger.

The distance between the wheel paths of individual axles may be determined from the
equation:

W1=|Ry =Ry, W2=|Ry|=|R,.

(25)
W3 = ‘ﬁzo‘ _‘ﬁso" W4:‘ﬁ20‘ _‘Rso‘-

The coordinates of the wheels axis centres in the XY coordinate system determine the
following expressions:
for the tractor:

do,

t
X; = [V, -sin@, - (V, -8, -D-=*)-cosd, Jdt,
> dt (26)
t do
Y, :INC -cosf, +(V,-0,-D- dt°)-sin06]dt,
0

where index i assumes 20 or 30 respectively and designation D value equal to a; or (-b).
For the trailer:

do,
dt

t
xj=INn-sin9n—(Vn-5n+Fo )-cos 6, ]dt,
0

(27)

t
Yi :J.I.Vn 'Cosen +(Vn '5n +F- detn)'Sin en]dtv
0

d
where the index j assumes 40, 50 or 60 respectively and designation F value equal to by, (a;+as) or
ag.
The coordinates of each wheel centre in XY coordinate system determine the terms:

For the tractor:

X, =X, Fe-coso, Y, =Y, te-sing,, (28)

where k=1, 2, 3, 4, a =20, 30.

For the trailer:

X=X, te-cosb, Y,

where k=5-10, a j=40, 50, 60.

Y. Fe-sing,, (29)

]

4. Summary

The presented model of vehicle with the steered wheels allows for assessment of the impact of
selected design parameters, operating parameters, and the wheels steering angles on the vehicle
track path.

It is possible to determine the steering angle of rear axle wheels for the assumed value of wheel
control angle steered by driver and the driving speed.

The rear axle wheel steering reduces radius of curvature of the vehicle track.

Subsequently, the models of multi axle and multi-articulated vehicles with a greater number of
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degrees of freedom [3, 10, 13, 14] will be considered next, models with the steered wheels using
pneumatic tyre coactions to road surface hypothesis taking into account non-symmetrical vehicle
loading by vertical forces during movement on the road curve.

The system of non-slip wheel steering using offset control will be proposed.

In the multi-axle and long-haul trailers the axles with steered wheels are increasingly used.

One can distinguish between self-aligning steering mechanisms (self steering) and the steered
wheels controlled from the tractor fifth wheel or tractor drawbar.

Wheel steering angle in the subsequent running axles is set via the system of rods or hydraulic
system.

Lateral tire slippage is the cause of accelerated tires wear for non-steered wheels on semi-
trailers and long-haul trailers [14].

The wheels steering in the long vehicles have a significant impact on the width of the occupied
road lane during a turn, the size of the between walls or between the curbs turning radius as well as
the inner turning radius [3, 13, 14].

Subsequently, computer calculations taking into account the impact of design and operating
parameters of articulated lorry/truck unit will be carried out.
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