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Resume
Today, in the constructions of multi-link road trains, two main layout 
schemes are used, as a rule - trailer (car + n trailers) and semi-trailer 
(tractor car + n semi-trailers). 
Previously conducted studies established that the maneuverability indicators 
of the road trains can be determined on wheels rigid in the lateral direction, 
that is, according to kinematic models, which are based on the angles of 
assembly of the road train links. These angles are defined for both a three-
link trailer and a semi-trailer vehicle train, for different locations of the 
extended link. 
For the semi-trailer road trains, the requirements for maneuverability are 
not met, and therefore the trailer links must be equipped with more or less 
complex control systems. With a direct control drive on the front axles of the 
second and third semi-trailers, when turning at 90º and 180º, only the first 
layout scheme satisfies the requirements for maneuverability.
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heavy-weight and off-clearance loads; a universality 
as a container can be transported by a car, train and 
sea transport that allows to reduce the expenses 
of time and money for a load delivery into the 
final destination; a possibility of the prefabricated 
loads delivery; a computerization of the delivery 
process operation [6]. The choice depends on the load 
peculiarities and a distance where this load should 
be delivered. A load transportation price depends 
on this, as well. Container freight transportation by 
the two-track, and in recent years, three-track road 
trains are the most popular. This is due to a number 
of advantages of three-track road trains compared 
to two-track trains [7-8] - less specific weight, that is 
a weight that is equal to a unity of carrying capacity; 
a lower cost price of the industrial mass production of 
the trailers and semi-trailers then the vehicles that 
correspond to them by the carrying capacity; a bigger 
specific body area (approximately half as much again), 
that makes the significant operation advantages; the 
less investments into the building of storage areas as 
the trailers and semi-trailers do not need the covered 

1	 Issue

Ensuring sustainable and stable development 
of the state’s economy necessitates putting into 
operation the intermodal transport systems. One 
of the most promising and widespread among 
them is container transportation. To maintain the 
competitiveness of container transportation, it is 
important to put into operation the modern designs of 
containers, designed for the transportation of a wide 
range of goods. That can be achieved by putting into 
operation the multi-modal vehicles [1-4]. A container 
is the most perspective and widespread multi-modal 
vehicle. A container delivery is ordered, not only by big 
trade companies, but by the enterprises of middle and 
little range that make import and export of goods, as 
well, [5]. Most customers choose exactly the container 
transportation due to the clear advantages, namely 
a goods preservation; a reduction of terms for cargo-
handling works due to what the goods delivery 
time is reduced; a possibility of transporting of 
any goods, including dangerous, perishable, bulked, 
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A base of multi-track road trains, together with 
vehicles-tractors, consists of trailers and semi-trailers. 
Along with that, at a great variety of layout schemes 
of multi-track road trains, a construction of the last-
mentioned ones can be composed from a comparatively 
little number of constructively completed functional 
elements - modules [11]. This is a unique system “road 
train” can be represented as a composed of two or 
more sub-systems, articulated between them - “vehicle-
tractor” and “trailer tracks (trailer, semitrailer)” 
depending on a layout scheme of a road train. Today, 
in the constructions of multi-track road trains, as a 
rule are used the two main layout schemes - trailer 
(vehicle + n trailers) and semi-trailer (vehicle-tractor + 
n semitrailers). That is why it is reasonable to compare 
two these layout schemes at a transportation of three 
containers.

2	 Literature sources analysis

Modern development of public and truck transport 
leads to increasing f the vehicles demand for passenger 
and cargo carrying. This tendency proves the arguments 
of power economy and decreasing of environmental 
pollution level that is caused but a restricted number 
of the vehicles and drivers necessary to carry a great 
number of loads and passengers. As a consequence, 
the trucks and city buses manufacturers today design 
the constructions of high capacity in the form of joint 
and multi-track vehicles. [12-15]. The swing joints 
make the long vehicles to be unique in use and admit a 
quick maneuverability even in dense urban conditions. 
However, the maneuverability of the long-articulated 
vehicles can be dangerous even for experienced drivers. 
So, the researcher Altafini [16] showed that the tracks 
with a great number of trailers (MTAHV) demonstrate 
the unstable operation modes at high speeds, including 
an assembly of tracks, a swinging of trailer and turning 
over. These unstable, unfavorable operation modes, can 
lead to the traffic accidents. On the other side, these 
vehicles have bad maneuverability at low speeds.

To increase a safety of the multi-track road trains 

lodgings; a possibility to quickly plan the transportation 
with different structure of road train depending on 
the operating conditions; the less specific charges (per 
a single unit of carrying capacity) of labor force and 
materials for maintenance and repair works. It is not 
strange that in Europe there are 35-meter road trains 
with two trailers that can carry three containers [9]. It is 
explained by the fact that the Cargo transportation rules, 
as a traffic code, have a tendency to change from time to 
time. So recently in Denmark there was a thought about 
a necessity of using the long road trains of 34 meters on 
the general usage roads. Such an innovation is related 
to an intention to reduce the number of the exhaust gas 
emissions (Figure 1).

If the local politicians support this initiative, 
Denmark can become the second country in Europe 
where it would be allowed to drive the road trains more 
than 30 meters long, namely the wagons with double 
trailers (34.5 m), after such initiative on its roads was 
supported by Sweden, where such road trains have been 
operated for five last years already. An idea of using the 
long-dimension vehicles on its roads is also investigated 
in Poland. It is worth saying that in USA and Australia 
the length of road trains is not restricted, that is why 
one can meet there the real champions, for example, 
in Australia a general length of road train can become 
approximately 50 meters.

It is necessary to notice that the full masses, 
dimensions and permissible loads for the trucks in 
Europe are regulated by DIRECTIVE 2002/7/EC [10], 
where the maximum full mass of a two-track road train 
with a semi-trailer on a pneumatic support can not 
exceed 44 t. When using a three-track road trains, a 
general mass of a road train Gап is increasing up to 60 t, 
and of a multi-track ones - up to 100 t. Along with that for 
a two-track road train, it is possible to use a double-axle 
vehicle-tractor (at a load on a driving axle G2 = 0.25 x Gап  

= 11.0 t), for the three-track road train - a three-axle 
vehicle-tractor with a wheel formula 6x4 (G2 = 0.25 x 
Gап = 15.0 t), for a multi-track road train - a three-axle 
vehicle-tractor. A further increase of a mass of a multi-
track road train up to 90to 100 t needs using of a multi-
axle vehicle-tractor or a hybrid power drive of road train.

Figure 1 Road train with two trailers [9]
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tracking the kinematics of a multi-track road train.
At the same time, considerably less attention 

in the literature is given to the issues of kinematic 
modeling and analysis of semi-trailer road trains (such 
as B-double and B-triple), which differ in design from 
more common trailer road trains, as well as to the study 
of their maneuverability. In a scientific article [35] was 
shown that for the road trains of semi-trailer scheme a 
kinematic model is more complicated than in a standard 
case of a road train with some trailers concerning its 
controllability. Along with that, the more complicated 
equations can be interpreted as the virtual steering 
control of the wheels situated on the semi-trailers, 
whose turning angles are found by the non-linear 
feedback from an output state of a system configuration.

A curvilinear motion of a road train is characterized 
by such mode parameters as running speed, turning 
radius and turning angles of controlled wheels, that 
during the road train operation do not stay constant. 
That is why to estimate the maneuverability of the 
vehicles, both kinematic and dynamic indices are used.

The dynamic indices are assured by a system 
”engine-transmission“ of a traction vehicle or vehicle-
tractor.

The kinematic indices should assure:
•	 an overall traffic lane (OTL), that is equal to a 

difference of external and internal overall turning 
radii. Taking into consideration that the overall 
turning radii are fixed (Rео=12.5 m, Rіо=5.3 m), an 
overall traffic lane would be also fixed (B0 = 7.2 m);

•	 a possibility of backward running.
The least studied until today is a question of 

possibility of a road train backward running that was 
not almost theoretically considered for the multi-track 
road trains. However, for the multi-track road trains 
that run as a rule between terminals situated at the city 
entrance, a problem of backward running is not actual.

The authors examine a maneuverability of the 
three-track road trains of different layout schemes 
[36], as though if a train has more than three tracks, 
the difficulties concern the fact that an investigation 
of running of such a multi-track vehicle is rather 
complicated because of the necessity to take into 
consideration an influence of many factors on the 
running character.

As is known, the characteristics of maneuverability 
and running stability of a vehicle are determined 
by a combination of operating, mass-geometric and 
construction parameters of its modules and their control 
systems. In general case, the desirable combinations 
of named parameters from the point of view of 
maneuverability and stability in a range of operating 
loadings and running speeds, even for the same vehicle 
can be different. As a consequence, on the early phases 
of vehicle creation, it is difficult to get the precise 
construction parameters and quantity indices by the 
criterion of maneuverability and its running stability. 
The success in solving such problems depends on the 

operating, the numerous investigations were conducted, 
for example, Latif, Chalhoub and Pilipchuk [17] was 
examined a using of a slide mode controller, as well 
as a controller with feedback with an integral state at 
different driving situations and the pavement conditions.

In a research work [18] was shown that the 
interconnections between the axles and the tracks of 
the vehicles with some trailers can create a specific 
oscillating behavior of the trailers during the vehicle’s 
maneuvers. These oscillations are a direct consequence of 
a vehicle kinematic feature, related with a construction 
of a traction and towed device. At an example of one 
pair of tracks of the vehicles there are accepted the 
regularities of its turning that are expanded in future 
on a road train with a free number of trailers. Numerous 
results obtained for a kinematic of three trailers approve 
the theoretical thoughts that give some cardinal view on 
a problem.

That is why the typical kinematic models of the 
multi-track road trains will be useful while solving such 
problems as: a formal analysis of the kinematic features, 
a quick planning of the nominal maneuvers, a prediction 
of the operation modes etc., [19-21].

For a kinematic vehicle model with n trailers was 
offered an adaptive control scheme based on a neural 
network of a radial-basis function (RBFNN), [22].

As a conducted analysis has shown, a lot of research 
works are dedicated to the problem of improving of the 
operating indices of the multi-track vehicles [23-27].

The development of compact and easy to 
use mathematic models of the articulated vehicles 
for planning, controlling and localization of driving, 
becomes increasingly important in a time of intellectual 
transport systems, especially when there is a need 
for effective predictions of driving for the multi-track 
vehicles of different kinematic structures [28-33]. In 
a reference [34] a module algorithm approach to the 
kinematic modeling of non-holonomic (multiple-unit) 
articulated buses was offered, including the trucks with 
n-trailers (as a separate case), that consists of traction 
vehicle passively joined to a free number of guided 
and unguided trailers and with different placement of 
controlled axles in a kinematic chain. Kinematic models 
are valid at a condition of absolute rolling of all wheels 
of a vehicle (without sliding/sliding) that is practically 
approved for the conditions of maneuverability at 
low speed. In a research work [21] it is presented a 
conception and an analysis of stability of a feedback 
control system to track a trajectory of a road train 
with free number of articulated trailers. Thanks to the 
use of a cascade management structure, the proposed 
solution is modular and easily scalable depending 
on the number of trailers. A formal analysis of the 
closed system assures the sufficient conditions for an 
asymptotic tracking of a totality of the so-called sample 
trajectories with trajectory curvature both invariable 
and variable in time. The cascade law of trajectory 
control, investigated in the article, solves a problem of 
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of trajectory of trailer or semi-trailer from the main 
trajectory to the turning center. The overall traffic 
lane and the overall passage (a part of space taken 
by a road train at turning) get their maximum at the 
stable curvilinear, that is circular, trajectory. That is 
especially valid on that trajectory that the overall traffic 
lane of a multi-track road train should be determined. 
In a research work [36] was shown that the indices of 
the road trains maneuverability (at a movement with 
the speeds that do not exceed 10 m/s) it is possible to 
determine on the rigid in lateral direction wheels, that 
is by the kinematic models.

The next layout schemes of the multi-track road 
trains are examined - container carriers with the 
uncontrollable trailer tracks:
•	 a road train-container carrier composed of three 

trailers, Figure 2;
•	 a road train-container carrier composed of three 

semi-trailers (road train of type B-triple), Figure 3.
Each of these layout schemes was examined in 

two variants that were characterized by a location of a 
40-foot container - inside or at the end of a road train.

All the indices of maneuverability are determined 
by the parameters of a curvilinear movement of a road 
train, the main of them are the assembly angles of a 
road train. So, for a trailer road train these would be 
two assembly angles: the first one between a tractor 

fact how successfully a mathematical model and its 
substantial parameters, which describe a behavior of a 
dynamic system in different running modes, are chosen. 
For maneuverability it is an equation in a plane-parallel 
movement, for stability - in spatial one. So, in a research 
work [36] the differential equations were derived of 
plane-parallel movement to find the parameters of 
maneuverability and running stability of the two-track 
semi-trailer and three-track trailer road trains, however, 
the using of these equations to comparatively estimate 
the multi-track road trains - container carriers can lead 
to a substantial fault. Because of this, the aim of a given 
research work is a comparative estimation of multi-
track road trains - container carriers of different layout 
schemes by the maneuverability parameters.

3	 Research requirements

The overall lane of curvilinear movement of a multi-
track road train, in contrast to a rectilinear movement 
lane, has a difficult form, restricted by the projections 
of trajectories on a horizontal plane of external wing, 
concerning a turning center of a vehicle-tractor and 
rear end of trailer or semi-trailer. The overall traffic 
lane (OTL) of a road train at turning is determined by a 
main trajectory of a vehicle-tractor and a displacement 

Figure 2 Layout scheme of a trailer road train

Figure 3 Layout scheme of a semi-trailer road train
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phases.
By the found assembly angles of the road train 

tracks, the overall turning radii of a road train and a 
presumptive maneuverability index - an overall traffic 
lane - are determined.

In Tables 1 and 2 are given the layout schemes of 
typical road trains that are constructed thanks to a 
software of Scania company, and t an overall lane of 
these road trains is determined, using the Equations (1) 
- (6), at circular movement and entry in turning.

As it follows from the data of Table 1, none of the 
layout schemes of three-track road train satisfies the 
requirements of DIRECTIVE 2002/7/EC concerning 
maneuverability. Taking into account a character of 
such road trains operation (running between terminals 
at the city entrance), more important are the parameters 
of maneuverability of a road train at the turning of 90º 
and 180º.

In Table 2 there are given the values of overall radii 
and of overall traffic lane of the road trains that are 
investigated, at the named turnings.

As it follows from Table 2, almost all the trailer road 
trains, in contrast to the semi-trailer ones, at turning of 
90º and 180º, satisfy the requirements of DIRECTIVE 

and the first trailer track, and the second one - between 
the second and third trailer track, and for a road train 
of type B-triple - these would be three assembly angles: 
the first one between the vehicle-tractor and the first 
semi-trailer, the second one - it is an angle between 
the first and second semi-trailers, and the third one is 
between the second and third semi-trailer. Since the 
most common case is a road train of type B-triple, the 
assembly angles were determined for it, as it is shown 
in [36]. 

In given system of equations (2), the additional 
angles  are determined by the dependences.

For a trailer road train, it is necessary to adopt 
01{ = .

Since the road train comes through different phases 
of turning, these are namely - an entry in turning, 
a movement in a circle, an exit of turning, a linear 
movement of a road train, so the assembly angles should 
be determined exactly for these phases.

Figure 4 shows an example of the assembly angles of 
the road trains tracks of a semi-trailer scheme. For the 
road trains of trailer scheme the assembly angles are for 
17 and 21 % smaller than the second and third assembly 
angles of the semi-trailer road train for different turning 

,

,

/

/

/ /
,

/

/

/ /
.

L

l

L

L

arctg tg

arctg tg

arctg
sin

sin

arctg
sin

sin

sin

sin

sin

sin

sin

sin

sin
sin

sin
sin

sin

sin

a b
d c

a b
d c

2

1

2
2

2
1

2

1

2

2
2

2
1

2

1

1

1

1

1
1 1

1 1
1

2
2 2

2 2
2

1
2 1

1 1

2 1 1

2 1

2 1 1

2 1
2

2 1 1

1
2 2

1

1

1

2 2
2

2

3 2

3

3

2

2

3

3

3

2

#

#

#

a {

a {

c
r { a
{ { a

{ { a
r { a

{ { a
r { a

{ { a
r {

c
r a
{ a

{ a
r a

{ a
r a

{ a
r {

=
+
-

=
+
-

=
-

+ +

-

+ +

- -

+ +

- -
+ -

+ +

-

=
-

+
+

-

+
-

+
-

+ -
+

-

J

L

KKKKKKKKKKKKKK
J

L

KKKKKKKKKKKKKK

c

c

^

^

^

^

^

^

^

^

^

^

^

^

^

^

^

^

N

P

OOOOOOOOOOOOOO

N

P

OOOOOOOOOOOOOO

m

m

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

h

=

=

=

=

G

G

G

G

Z

[

\

]]]]]]
]]]]]]

Z

[

\

]]]]]]
]]]]]]

_

`

a

bbbbbb
bbbbbb

_

`

a

bbbbbb
bbbbbb

,	 (2)

In Equations (1), (2) the following notations are adopted:
L1, L2, L3 - a base of tracks of a road train, m;
vA - a road train running speed, m/s;
vC - a vehicle-tractor mass center speed, m/s;
θ - a turning angle of the controlled wheels of a vehicle-tractor, rad;
a - a distance from a mass center of a vehicle-tractor to a front axle;
b - a distance from a mass center of a vehicle-tractor to an axle of balance beam of rear axles;
d - a distance from a mass center of a vehicle-tractor to a point of joining of first trailer track;
1{  - an assembly angle between the vehicle-tractor and a first trailer track;
2{  - an assembly angle between the first and second trailer track;
3{  - an assembly angle between the second and third trailer track;

a1, a2 - a distance from a mass center of the first (second) trailer track to a front axle of trailer and a point of joining 
with a previous track (of semi-trailer);
b1, b2 - a distance from a mass center of the first (second) trailer track to a rear axle of trailer (semi-trailer);
c1 - a distance from a mass center of vehicle-tractor to a front axle of the first trailer track;
d1- a distance from a mass center of the first trailer track to a point of joining with the second trailer track;
c2 - a distance from a mass center of the first trailer track to a front axle of the second trailer track;
d2 - a distance from a mass center of the second trailer track to a point of joining with the third trailer track.
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where Kn - a mode turning coefficient;
θ - a turning angle of the controlled wheels of a vehicle-
tractor, rad;
•	 at movement in a circle:
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2002/7/EC concerning maneuverability. Because of that, 
the semi-trailer road trains should be equipped with the 
control systems.

In a research work [36] is shown that for the trailer 
and semi-trailer road trains, the most distributed are 
the systems of direct control when a turning angle of the 
controlled wheels (axle) of trailer track is determined 
as a function of assembly angle. Since the second and 
third trailer tracks should be, first of all, equipped with 
the control systems, so exactly these tracks should have 
the controlled wheels (axles) whose turning is made 
correspondingly to an assembly angle.

While having the controlled trailer tracks, the 
assembly angles for different turning phases are written 
like [36]:
•	 at entry in turning:
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Figure 4 Change of assembly angles of the road train for different turning phases:a) entry in turning;  
b) movement in a circle; c) exit of turning; d) tractor movement on a linear trajectory
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Table 1 Turning parameters of three-link road trains

Road train type
Turning parameters, m

Reo Rio Bo

1 5.3 13.925 8.625

2 5.3 14.401 9.101

3 5.3 14.625 9.325

4 5.3 12.433 7.133

5 5.3 12.053 6.753

6 5.3 14.723 9.101

Table 2 Overall radii and overall traffic lane of the road trains

Road train type

Turning parameters, m

180º 90º

Reo Rio B0 Reo Rio B0

1 13.925 5.731 8.194 13.925 6.143 7.782

2 14.401 5.750 8.651 14.401 6.183 8.218

3 14.625 5.766 8.859 14.625 6.209 8.416

4 12.433 5.353 7.080 12.433 5.707 6.726

5* 12.053 5.638 6.415 12.053 5.959 6.094

6 14.723 7.058 7.665 14.723 7.521 7.202
*Note: trailers with the separated axles with controlled front axles
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Introduction of the trailers tracks control leads 
to a reducing of first and second assembly angles, 
correspondingly for 18 to 20% and 27 to 32%. It 
leads to a decreasing of an overall track lane of a 
road train, while making different turning by it,  
Table 3.

Analysis of the data of Table 3 shows that the three-
track semi-trailer road trains even with the controlled 
second and third semi-trailers, while carrying one 40- 
or 45-feet container and two 20-feet containers, do not 
satisfy the requirements concerning a maneuverability 
and at turning of both 90º and 180º, taking into account 
their significant length (about 36 m). Issuing from a 
presented analysis, one can make a conclusion that 
for the multi-track road trains there is actual a choice 
of type of the wheels (axles) control linkage of the 
semi-trailer tracks and their location in the road train 
compound.

4	 Results discussion

While carrying three containers - two 20-feet and 
one 40 or 45-feet, there is important not only a choice 
of layout scheme of road train (trailer, semi-trailer one), 
but a location of the elongated track (for carrying 40- 
and 45-feet containers) in a road train compound, as 
well. This choice is possible to do based on the analysis 
of maneuverability indices of trailer and semi-trailer 
road trains.

Previously conducted studies established that the 
maneuverability indices of the road trains (when moving 
at speeds not exceeding 10 m/s) can be determined on 
wheels rigid in the lateral direction, that is, according 
to kinematic models, which are based on the assembly 
angles of the road train tracks. These angles are 
defined for both a three-track trailer and a semi-
trailer road train for different locations of the extended  
track.

Based on the found assembly angles of the tracks, 
the overall turning radii of the road train and the overall 
maneuverability index - the overall traffic lane - are 
determined. At the same time, it is shown that none of 
the layout schemes of the three-link road train, except 
for the road train with separated and controlled axles 
of the trailer tracks (scheme 5), does not satisfy the 
requirements of DIRECTIVE 2002/7/EC concerning 
maneuverability. Taking into account the kind of the 
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where K{  - an angle of inclination of the road train, rad;
•	 at exit of turning are used the same Equations (3) 

and (4), but a mode coefficient of turning Kn should 
be taken with negative sign;

•	 at a linear movement of tractor-vehicle (at this 
phase the assembly angles do not depend anymore 
on a position of driving wheels but only on a 
distance that is passed by a vehicle-tractor, then
d K dSn 0$i= , where S0 - the initial value of the 
path, at θ = 0 one will get:
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where C - a distance from a rear axle of a first semi-
trailer to a point of joining with the second semi-trailer;
a1 - an angle between a perpendicular to a rear axle 
of tractor and a ray that joins a point of joining of the 
first semi-trailer with the second one and an immediate 
turning center of a road train;
Kn - a mode turning coefficient;
io , i1 - correspondingly the speed ratio of the front wheels 
control linkage of the second and third semi-trailers 
(according to the data from [15] we take as equal io = 0.5 
and i2=0.6).

Table 3 Overall radii and overall traffic lane of road trains with guided trailers

Road 
train 
type

Turning parameters, m

Movement in a circle Turning 180º Turning 90º

Reo Rio Bo Reo Rio Bo Reo Rio Bo

1 5.3 13.063 7.763 12.925 6.405 6.520 12.925 6.731 6.194

2 5.3 13.491 8.191 14.401 6.615 7.786 14.401 7.005 7.396

3 5.3 13.693 8.393 14.625 6.832 7.793 14.625 6.209 8.416
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is valid with a little deviation (5-7 %) for other 
turning phases, as well.

2. 	 It was shown that none of the layout schemes of 
the three-track road train, except for the road train 
with separated and controlled axles of the trailer 
tracks (scheme 5, Table 1), does not satisfy the 
requirements of DIRECTIVE 2002/7/EC concerning 
maneuverability. When turning at 90º and 180º, 
almost all the trailer road trains of all the layout 
schemes, in contrast to semi-trailer schemes, satisfy 
the requirements of DIRECTIVE 2002/7/EC.

3. 	 There was found that at the controlled first axles 
of the second and third semi-trailers, an overall 
traffic lane of such road train, while comparing 
to an uncontrolled road train, at a movement in a 
circle is reducing for 10 to 12 %, but all the road 
trains do not satisfy the requirements concerning 
maneuverability.
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operation of such road trains (running between terminals 
at the entrance to the city), the maneuverability 
parameters of the road train at typical turns 90º and 
180º are more important. For such turns, the trailer road 
trains are more promising, for which the requirements of 
the DIRECTIVE concerning maneuverability are met at 
turnings of 90º and are almost fulfilled when turning at 
180º. For semi-trailer road trains, the requirements for 
maneuverability are not met, and therefore the trailer 
tracks must be equipped with more or less complex 
control systems. With a direct control drive on the front 
axles of the second and third semi-trailers, when turning 
at 90º and 180º, only the first layout scheme satisfies the 
requirements for maneuverability. Therefore, for the 
semi-trailer scheme, it is necessary to develop a more 
advanced control system in comparison to the direct 
control drive.

5	 Conclusions

1. 	 The maneuverability indices of the three-track 
road trains on wheels rigid in the lateral direction 
were determined, that is, according to kinematic 
models, which are based on the assembly angles of 
the road train tracks. These angles are defined for 
both a three-track trailer and a semi-trailer road 
train for different locations of the extended track. 
Thus, while entering a turning the first and second 
assembly angles of a trailer road train are for 12 and 
15 % smaller than the second and third assembly 
angles of a semi-trailer road train. This correlation 
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