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Abstract 

Trucks with semi-trailers are widely used for transportation of goods due 

their low operation cost, but inherent to these vehicles are some problems 

±³ªæや̶±や̶や¬©©°やß̶-Ø³µØ°̶Æıœı²½╆や5©やßı-ıßı¾Øや²æØやØTØª²±や©Œや²æı±やŁı±̶Łµ̶-²̶-

ge, among other solutions, the incorporation of steerable axles in the semi-

trailers has been proposed. This paper presents a steering equation, and a 

fuzzy-logic controller for a semi-trailer automatic forced-steering system to 

ßı-ıßı¾Øや ²æØや©Tま²°̶ªøı-ºや̶-Łや ²æØや ²©²̶œや ±¹Ø¬²や¬̶²æや¹ıŁ²æ╇や °Ø±³œ²ı-ºや ı-や̶-や
improvement of vehicle´s maneuverability at low speeds. To accomplish 

this, the suggested control algorithm considers the articulation angle and 

parameters such as vehicle speed and direction. The system was tested on an 

instrumented experimental semi-trailer during various predetermined test 

maneuvers.
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Introduction

"°²ıª³œ̶²ØŁやµØæıªœØ±やæ̶µØや¬°©µØ-や²æØı°やØª©-©ßıªや¬°©R-

tability, but as the number of these vehicles grows, it 

becomes evident that there is a substantial need to im-

prove their handling control performance.

%ıTØ°Ø-²や̶¬¬°©̶ªæØ±やæ̶µØやÆØØ-や²̶øØ-やı-²©やª©-±ıŁØ-

ration; one important and promising is related to trajec-

tory matching and lateral control of these heavy 

vehicles. In this line of work the objective is, in general, 

to make the articulated vehicles able to follow a secure 

̶-ŁやØUªıØ-²や¬̶²æや〉#©œ¾Ø°-や̶-Łや-©ª̶²Øœœı╇やｲｰｰｱ╉や&œま(ı--

Ł½╇や ｱｹｷｸ╉や)ı-º¹Øや et al╆╇や ｲｰｰｰ╉や 4̶ß¬Øıや et al╆╇や ｱｹｹｵや ̶-Łや
Tsao et al╆╇やｲｰｰｶ《╇や̶ °Øや̶ やŒØ¹や©Œや°Ø±Ø̶°ªæØ°±や¹æ©や±¬Øªı̶œı¾Øや
in trajectory matching.

The biggest project in this area is the California Part-

-Ø°±や Œ©°や"Łµ̶-ªØŁや 5°̶-±ı²や ̶-Łや)ıºæ¹̶½±や 〉$̶œıŒ©°-ı̶や
1̶²æ±《や〉)ı-º¹Øやet al╆╇やｲｰｰｰ《や¹æØ°Øや-³ßØ°©³±やº°©³¬±や©Œや
government, public and private institutions are invol-

ved in the development of automated highway systems 

〉")4《╆
"やŁıTØ°Ø-²や̶¬¬°©̶ªæやı±や²©や¬°©¬©±ØやŁØ±ıº-やß©ŁıRª̶-

tions or the implementation of mechanical components 

that improve overall vehicular maneuverability perfor-

ß̶-ªØ╆や4²ØØ°̶ÆœØや̶¼œØ±や©-や±Øßıま²°̶ıœØ°±や̶°Øや̶-や©¬²ı©-や²©╇や
not only improve maneuverability, but also reduce risk 

of accidents and decrease fuel consumption and tire 

wear. Further, it may also minimize hazards and dama-

ºØや²©や°©̶Ł¹̶½やı-Œ°̶±²°³ª²³°Ø±╆や4ØµØ°̶œやßØªæ̶-ıª̶œやª©--

Rº³°̶²ı©-±やæ̶µØやÆØØ-や ²Ø±²ØŁやµı̶や ª©ß¬³²Ø°や ±ıß³œ̶²ı©-や
〉4̶-ø̶°やet al╆╇やｱｹｹｱ《╇や½Ø²やŒØ¹や©Œや²æØßや̶°Øや̶œ°Ø̶Ł½や³±ØŁや̶±や
prototypes or are in early commercial stages. 

5æ©±ØやßØªæ̶-ı±ß±や°Ø¬°Ø±Ø-²や±ıº-ıRª̶-²やÆØ-ØR²±やŒ©°や
vehicles, but they still need to be improved since some 

stability problems have been raised. Inside the group of 

steering axles of a semitrailer, the command-steer sys-

²Øßやı±や²æØやß©±²やØUªıØ-²や©¬²ı©-や〉+³ł-©µıªæや̶-Łや$ØÆ©-╇や
ｲｰｰｲ《╆や

*-や ｲｰｰｰや ̶-や "³±²°̶œı̶-や ª©ß¬̶-½╇や (̶½̶²や 1²½╆や -²Ł╆や
〉1°Øßや̶-Łや3̶ß±̶½╇やｲｰｰｱ《や̶-Łや ı-やｲｰｰｵや ²æØや$̶ßÆ°ıŁºØや
7ØæıªœØや%½-̶ßıª±や$©-±©°²ı³ßや〉$̶ßÆ°ıŁºØや6-ıµØ°±ı²½《や
〉/Ø̶Ł±╇やｲｰｰｶ《や¬°Ø±Ø-²ØŁやŒ³œœや±ª̶œØや¬°©²©²½¬Ø±や©Œや±Øßı-
trailers with command steer axles systems, each of 

them is part of the evolution of this technology.

Moreover, results from the tests carried out for this 

paper present work on an actual experimental semitrai-

ler. These results also show a control equation with a 

proposed method of employment for a system of con-

trol based on fuzzy-logic that could further advance in 

command steering technology.    

Materials and methods

An experimental semi-trailer was made in order to ob-

²̶ı-や̶やÆØmØ°や³-ŁØ°±²̶-Łı-ºや©Œや ²æØや̶°²ıª³œ̶²ØŁやµØæıªœØ±や
ß̶-Ø³µØ°̶Æıœı²½や¬Ø°Œ©°ß̶-ªØや̶-Łや²æØやß©±²や±ıº-ıRª̶-²や
ªæ̶°̶ª²Ø°ı±²ıª±や̶TØª²ı-ºやı²╆や

Hkiwtg"30"Gzrgtkogpvcn"xgjkeng

Resumen 

Los vehículos tractor-semirremolque se usan ampliamente para el transporte de mer-

cancías debido su bajo costo de operación, pero hay algunos problemas inherentes a 

estos vehículos, como una pobre maniobrabilidad. Para minimizar los efectos de esta 

desventaja, entre otras soluciones, se ha propuesto la incorporación de ejes direccio-

nales en los semirremolques. En este trabajo se presenta una ecuación de dirección y 

un control mediante lógica difusa para un sistema automático de dirección forzada 

para semirremolque para minimizar el despiste y el ancho de vía, mejorando la ma- 

niobrabilidad del vehículo a velocidades bajas. El algoritmo de control sugerido con-

sidera el ángulo de la articulación y parámetros como velocidad del vehículo y su 

dirección. El sistema se probó en un semirremolque experimental instrumentado 

durante varias maniobras experimentales predeterminadas.

Descriptores:

̋ semirremolque 

̋ dirección automática 

̋ control difuso

̋ maniobrabilidad
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Pulled by a pickup truck, this semi-trailer which is 

±æ©¹-や ı-や 'ıº³°Øや ｱや ı-ª©°¬©°̶²Ø±や ±ØµØ°̶œや ª©-Rº³°̶ÆœØや
ªæ̶°̶ª²Ø°ı±²ıª±や ±³ªæや ̶±や ²æØや œ©ª̶²ı©-や ©-や ²æØやRŒ²æや¹æØØœや
〉(《やı-やŒ°©-²╇や©-や²©¬や©°やı-や²æØやÆ̶ªøやŒ°©ßや²æØや²°̶ª²ı©-や̶¼œØ╆や
5æØやœØ-º²æや©Œや²æØや±Øßıま²°̶ıœØ°や〉)《や̶-Łや̶-や̶¼œØやı-や²æØや±Ø-

ßıま²°̶ıœØ°や ²æ̶²や ı±や ª©-Rº³°̶ÆœØや ̶±や R¼ØŁや ©°や ±²ØØ°̶ÆœØ╇や
̶œœ©¹ı-ºや²æØや²Ø±²ı-ºや©ŒやŁıTØ°Ø-²やª©-²°©œや±ªæØßØ±╆

Instrumentation

5©や²°̶ªøや ²æØやºØ©ßØ²°ıªやÆØæ̶µı©°や©Œや ²æØやµØæıªœØ╇や̶や(14や
°ØªØıµØ°や¹̶±やı-±²̶œœØŁや©-や²©¬や©Œや²æØやRŒ²æや¹æØØœ╇や̶-Łや̶--

gular transducers in the steering wheels of the truck, in 

the hitch and in the steering wheels of the semi-trailer. 

5æı±や ¬°©ªØŁ³°Øや ı±や ªœØ̶°œ½や Ø¼¬œ̶ı-ØŁや ı-や 〉#©°²©-ıや et al., 

ｲｰｰｷ《╆
Also accurate yaw rate sensors and lateral accelero-

meters were placed in the chassis of the truck and the 

semi-trailer. Finally a mini camera was installed in the 

front of the truck pointed toward the ground to guide 

²æØやŁ°ıµØ°やŁ³°ı-ºや±¬ØªıRªやß̶-Ø³µØ°±や〉'ıº³°Øやｲ《╆
The signals were monitored by two portable com-

¬³²Ø°±╆や5æØや±̶ß¬œØや°̶²Øや¹̶±やØ±²̶Æœı±æØŁやı-やｵｰや±̶ß¬œØ±や
per second per channel. This sampling frequency was 

considered high enough to have a detailed time history 

of the measurements.

Handling performance

)̶-Łœı-ºや¬Ø°Œ©°ß̶-ªØやı±や²æØや°Ø±³œ²や©Œや̶やµØæıªœØ‒±や±²ØØ-

ring inputs determined by the vehicle weights, dimen-

sions, and mechanical properties of the tires, suspension, 

vehicle frames, and weight distribution among the 

̶¼œØ±や〉4̶ß¬±©-╇やｲｰｰｰ《╆や
Consequently, a number of performance measures 

can be compiled to assess the maneuverability perfor-

mance of the vehicles, particularly with regard to arti-

culated trucks. This study considers the performance 

measures related to geometrical requirements, as:

Off-tracking

Whenever a vehicle with more than one axle turns, rear 

wheels fail to follow the path of front wheels precisely. 

0Tや²°̶ªøı-ºやßØ̶±³°Ø±や²æØやß̶¼ıß³ßやŁı±²̶-ªØやÆØ²¹ØØ-や
the paths of the steering axle and the axle of the most 

°Ø̶°¹̶°Łや¹æØØœ±や〉#̶mØœœØや5Ø̶ß╇やｱｹｹｵ《╆

Swept path width

+³ł-©µıªæや ̶-Łや$ØÆ©-や 〉ｲｰｰｲ《やŁØ±ª°ıÆØや ²æØや ｠±¹Ø¬²や¬̶²æや
width” as the maximum width of the swept trajectory 

ı-や̶や±ß̶œœや°̶Łı³±や²³°-╆や'ıº³°Øやｳや±æ©¹±やÆ©²æ╇や²æØや©Tま²°̶ª-

Hkiwtg"40"Xkfgq"ecogtc"cpf"xkfgq"ecogtc"
xkgy"cv"octmu"cv"vjg"htqpv"qh"vjg"vtwem

Hkiwtg"50"Qhh/vtcemkpi"cpf"uygrv"rcvj"
ykfvj"fwtkpi"c"uvcvkqpct{"vwtp
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king and swept path width measurements during cir-

cular constant radius turns, also called stationary turns.

Test maneuvers

'©°や²Ø±²ı-º╇や²æ°ØØやŁıTØ°Ø-²やß̶-Ø³µØ°±や¹Ø°Øやª©-±ıŁØ°ØŁ╈や
²¹©や°Øœ̶²ØŁや²©や̶や¬°ØŁØ²Ø°ßı-ØŁやŁØR-ØŁやŒ©œœ©¹ı-ºや¬̶²æや
̶-Łや©-Øや±œ̶œ©ßや²½¬Ø╆や5æØやR°±²や²¹©やª©-±ı±²ØŁや©Œや̶や±²̶²ı©-

-̶°½や²³°-や̶-Łや̶やｹｰ┱や²°̶-±ıØ-²や²³°-╇や¬Ø°Œ©°ßØŁや̶²や̶やµØ°½や
low velocity.

Circular and transient curve paths were traced on 

the pavement surfaces which were to be followed by 

²æØや²°³ªøや²©やŒ̶ªıœı²̶²Øや ²æØや¬̶²æやŒ©œœ©¹ı-ºや̶-やｸ╇やｹ╆ｵや̶-Łや
ｱｱ╆ｲｵやß╆や°̶Łı³±╇や²æØや±²̶²ı©-̶°½や²³°-やœıøØや²æØやıœœ³±²°̶²ı©-や
ı-や'ıº³°Øやｳや̶-Łや²°̶-±ıØ-²や²³°-やı-や'ıº³°Ø±やｴや̶-Łやｵ╆

Figure 4 shows the typical maneuverability perfor-

mance of an articulated vehicle. f stands for the angle of 

the front axle, the steering axle on the truck, and a for 

the articulation angle.

*-や²æØやª̶±Øや¹æØ-や²æØやｹ╆ｵやßやß̶-Ø³µØ°や¹̶±やß̶ŁØ╇や²æØや
results observed demonstrated that the angle of the ar-

²ıª³œ̶²ı©-や°Ø̶ªæØŁやｴｰ┱や¹æıªæやßØ̶-±や̶-や©Tま²°̶ªøı-ºや©Œや
ｲ╆ｹｵやßや̶-Łや̶や±¹Ø¬²や¬̶²æや¹ıŁ²æや©Œやｴ╆ｶやß╆

When the semi-trailer axle is set to command steer 

̶±や±ØØ-やı-や'ıº³°Øやｵ╇や ı²や¹̶±やŒ©³-Łや²æ̶²や ²æØやß̶-Ø³µØ°や

results in a maximum articulation angle of barely 

ｲｲ┱╇や¹æıªæやı±や̶-やıß¬°©µØßØ-²や©Œや̶¬¬°©¼ıß̶²Øœ½やｵｰゾ╇や
²æØ°ØŒ©°Øや °Ø±³œ²ı-ºや ı-や ̶や -Øº̶²ıµØや ©Tま²°̶ªøı-ºや ̶-Łや ̶や
swept path width that equals that of the width of the 

vehicle.

The line r represents the angle of the semi-trailer 

̶¼œØ╇や̶-Łや̶±や'ıº³°Øやｵや±æ©¹±╇や²æØやŁ°ıµØ°やı-や²æØや±Øßıま²°̶ı-
œØ°や¬Ø°Œ©°ß±や̶やß©ßØ-²̶°½や©¬¬©±ı²Øや ²³°-や ²©やºØ²やÆØmØ°や
alignment with the truck. When it leaves the transient 

¬̶°²や©Œや²æØやß̶-Ø³µØ°╇やı-や²æı±やª̶±Øや̶やｲｰ┱や²³°-╇や²æØや±Øßıま
trailer axle was applied.

#Ø±ıŁØ±や²æØやŁıTØ°Ø-²や°̶Łı³±╇や²æØ±Øやß̶-Ø³µØ°±や¹Ø°Øや
¬Ø°Œ©°ßØŁやŒ°©ßや²æØやœØŒ²や̶-ŁやŒ°©ßや²æØや°ıºæ²╇や³-ŁØ°やŁıTØ-

°Ø-²や µØæıª³œ̶°や ª©-Rº³°̶²ı©-±や ̶±や ²æØや œ©-ºı²³ŁØや ©Œや ²æØや
±Øßıま²°̶ıœØ°や̶-Łや²æØやRŒ²æや¹æØØœやœ©ª̶²ı©-╆

The slalom type maneuver consists of a series of di-

°Øª²ı©-̶œやªæ̶-ºØ±や̶ °©³-Łやµı̶œやª©-Ø±や²æ̶²や¹Ø°Øや¬œ̶ªØŁやｱｰや
ßØ²Ø°±や̶¬̶°²や©-や̶や±²°ØØ²や²æ̶²や¹̶±やｷやßや¹ıŁØや¹æıœØやß̶ı--

²̶ı-ı-ºや̶やª©-±²̶-²や±¬ØØŁや©Œやｸやøßのæ╆や'ıº³°Øやｱや±æ©¹±や²æØや
vehicle during the slalom maneuver.

*-や²æØ±Øやß̶-Ø³µØ°±や²æØ°Øやı±や-©²や̶やŁØR-ØŁや²°̶łØª²©°½╇や
so the driver relies on his perception and expertise to 

deal with the obstacles. In this case the way to evaluate 

the maneuver is directly related to the lateral speed of 

the truck in contrast with the one on the semi-trailer.
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*-や'ıº³°Øやｶ"╇や²æØやœ̶²Ø°̶œや±¬ØØŁや©Œや²æØや²°³ªøやı±や̶œß©±²や
twice that of the semi-trailer. This means that the truck 

is under high demand for the vehicle to avoid obstacles. 

0-や ²æØや ©²æØ°や æ̶-Ł╇や ı-や 'ıº³°Øや ｶ#や¹æØ-や ²æØや ª©ßß̶-Łや
steering was activated the speed of the truck and the 

semi-trailer, is almost the same, requiring less lateral 

space.

5æØやŁıTØ°Ø-ªØや ı-やß̶º-ı²³ŁØや ı-や ²æØや œØŒ²や µØ°±Ø±や ²æØや
right turn corresponds to the perception of the driver. 

/©²Ø╈や*²やı±やØ̶±ıØ°や²©やŒ©œœ©¹や²æØや©Æ±²̶ªœØや̶-Łや²æØやØŁºØや©-や
²æØやŁ°ıµØ°‒±や±ıŁØ╆や"œ±©╇やı-や²æØや¬ıª²³°Ø±やª̶-やÆØや-©²ıªØŁやŁØや
ŁıTØ°Ø-ªØや ı-や °©̶Łや ±¬̶ªØや ŁØß̶-Ł╇や¹ı²æや ²æØや R¼ØŁや ̶¼œØや
semi-trailer, the vehicle use the full wide of the road, 

and even then it fails to deal with all of the obstacles. 

While the command steer semi-trailer succeed all obs-

tacles occupying less space.

5æØ°Øやı±や̶や±ıº-ıRª̶-²や̶ß©³-²や©Œやœı²Ø°̶²³°Øや°Øº̶°Łı-ºや
±²³ŁıØ±や ª©ß¬̶°ı-ºや ²æØや ÆØæ̶µı©°や ÆØ²¹ØØ-や R¼ØŁや ̶¼œØ±や
and steering command ones using simulation models. 

In most cases it was concluded that by incorporating 

±²ØØ°ı-ºや̶¼œØ±やıß¬©°²̶-²やÆØ-ØR²±やª̶-やÆØや©Æ²̶ı-ØŁや±³ªæや
as improving handling capabilities of the vehicle and 

°ØŁ³ª²ı©-や©Œや ²ı°Øや Œ°ıª²ı©-やŁØß̶-Łや や 〉+³ł-©µıªæや̶-Łや$Ø-

Æ©-╇やｲｰｰｲ╉や#ıœœı-ºや̶-Łや1̶mØ-╇やｲｰｰｳ《╆や

5Ø±²や°Ø±³œ²±や³±ı-ºや̶-やØ¼¬Ø°ıßØ-²̶œやµØæıªœØやª©-R°ßや
this, but it also extends the scope of testing beyond 

most simulation results and illustrates some aspects of 

²æØや Ł°ıµØ°‒±や ¬Ø°ªØ¬²ı©-や ©-や ²æØや Ø¼¬Ø°ıßØ-²̶œや ̶±-
±Ø±±ßØ-²±や¹æıªæやı-や²³°-や̶TØª²±や²æØやß̶-Ø³µØ°や¬Ø°Œ©°-
mance.

Control equation

%³°ı-ºや¬°Øµı©³±や ²Ø±²±や©-やŒ³œœや±ª̶œØやµØæıªœØ±や 〉'ıº³°Øやｷ《や
and from the Ackerman equations, the angle in the se-

ßıま²°̶ıœØ°や̶¼œØや²æ̶²や¹©³œŁやßı-ıßı¾Øや²æØや©Tま²°̶ªøı-ºやŒ©°や
each radios turn were geometrically calculated This de-

R-Ø±や²æØやºØ-Ø°̶œやÆØæ̶µı©°や°Ø®³ı°ØŁやŒ©°や²æØや±¬ØªıRªや±Ø-

ßıま²°̶ıœØ°やŁıßØ-±ı©-̶œやª©-Rº³°̶²ı©-╆
The same dimensional characteristics were conside-

red in the construction of the experimental semi-trailer, 

ı-や©°ŁØ°や ²©やR-Øや²³-Øや²æØやª©-²°©œやØ®³̶²ı©-や̶-Łや²©や œ̶²Ø°や
experiment with the width the parameters in the algo-

rithm of control.

After this, by combining the dimensional characte-

ristics of the semi-trailer with the Ackerman equations, 

an evaluation computer program was set up to track 

²æØや©Tま²°̶ªøı-ºや°Ø±³œ²±やŁ³°ı-ºや ²æØや ²Ø±²やß̶-Ø³µØ°±や¬Ø-
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riod and by using interpolation regression techniques, 

̶やª©-²°©œやØ®³̶²ı©-や¹̶±やŁØR-ØŁや〉&®╆やｱや̶-Łやｲ╇や'ıº³°Øやｸ《╆
'ıº³°Øや ｸや ±æ©¹±や ²æØや R-̶œや ª³°µØや ©Œや °Ø±¬©-±Øや ı-や ²æØや

command steering axle of the semi-trailer in relation to 

the articulation angle. The resulting equation of control 

¹̶±やŁØR-ØŁや̶±╈

9や└やØ¼¬〉むｱ╆ｳｷｰｰｰｴ(や┏やｰ╆ｰｹｹｷｲｸ)や┏やｰ╆ｸｳｳｳｳｱ+やむやｱ╆ｱｰｲｹｸｳ《やややややややややややややややややややややややややややややややややややややややや
や や や や や や 〉ｱ《
where

(や└やｵ²æや¹æØØœや²©や°Ø̶°や²°̶ª²©°や̶¼œØやŁı±²̶-ªØ
)や└やｵ²æや¹æØØœや¬ı-や²©やœ̶±²や²°̶ıœØ°や̶¼œØやŁı±²̶-ªØ

+ややや└や±¬̶ªı-ºやÆØ²¹ØØ-や²°̶ıœØ°や̶¼œØ±

/©²Ø╈や(╇や)や̶-Łや-や̶°Øやıœœ³±²°̶²ØŁやı-やRº³°Øやｱ╆

:や└やむやｳ╆ｳｶ&まｰｷ-9ｵや┏やｹ╆ｳｶｹｸ&まｰｶ-94や┏やｱ╆ｴｶｷｲ&まｰｳ-93やむやｷ╆ｲｶｹｷ&まｰｲ 

-9ｲや┏やｱ╆ｵｵｵｱ-9やむやｱ╆ｹｱｸｳやややややや や や やや〉ｲ《

where

-や└や̶°²ıª³œ̶²ı©-や̶-ºœØ

'̶ª²©°や9やı-やØ®³̶²ı©-やｱや°ØŒØ°±や²©や²æØやŁıßØ-±ı©-̶œや±¬ØªıR-

ª̶²ı©-や©Œや²æØや±Øßıま²°̶ıœØ°や(╇や)╇や-や̶ -Łや:や̶ °Øや̶ œœやıœœ³±²°̶²ØŁや
ı-や'ıº³°Øやｱ╆や *-やØ®³̶²ı©-やｲ╇や-や ı±や ²æØや̶°²ıª³œ̶²ı©-や©-や²æØや
RŒ²æや¹æØØœやßØ̶±³°ØŁやı-やŁØº°ØØ±や̶-Łや:やª©°°Ø±¬©-Ł±や²©や
the angle required by the steering axle of the semi-trai-

œØ°や²©やßı-ıßı¾Øや©Tま²°̶ªøı-º╆

Fuzzy-logic control

As well as prior prototypes developed in Australia and 

&-ºœ̶-Ł╇やØ-Ł©¹や©Œや±²ØØ°ı-ºやª©-²°©œやı-や²æØや±Øßıま²°̶ıœØ°や
improves maneuverability, but also increases the risk of 

vehicular instability.

During the testing, there was some experimentation 

with certain parameters that could minimize potential 

±²̶Æıœı²½や œ©±±╇や Œ©°や Ø¼̶ß¬œØ╇や ª©-±ıŁØ°や µØæıªœØ‒±や ±¬ØØŁ╆や
5æØ±ØやŁØR-ØŁやÆØæ̶µı©°±や¹©³œŁや̶¬¬œ½やŁ³°ı-ºやß̶-Ø³-

vers at lower vehicular speeds and, as speed is increa-

±ØŁ╇や ²æØや ±½±²Øß‒±や ̶-ºœØや ©Œや ²æØや ±²ØØ°ı-ºや ̶¼œØや ©Œや ²æØや
semi-trailer should decrease proportionally, to the 

point were the system will be set to null response at 

±¬ØØŁ±やæıºæØ°や²æ̶-やｶｰや,ßのæや〉'ıº³°Øやｹ《╆
"œ±©や ²æØやµØæıªœØ‒±や±¬ØØŁやæ̶±や̶-や ıß¬̶ª²や©-や²æØや°Ø±-

ponse speed of the system which means that at very 

low vehicular speeds, the system will promptly execute 

angular adjustments, but as vehicle speed increases, 

these adjustments to the steering wheels will be perfor-

med more slowly.

Hkiwtg"90"Vguv"xgjkengu"wugf"kp"vjg"fghkpkvkqp"qh"vjg"eqpvtqn"
gswcvkqp

Hkiwtg":0"Ctvkewncvkqp"cping"xu0"uvggtkpi"cping"qp"ugok/vtckngt"czng"
vq"okpkok¦g"qhh/vtcemkpi"*xcnwgu"kp"fgitggu+ Hkiwtg";0"Tgurqpug"kp"vjg"u{uvgo"dcugf"kp"xgjkewnct"xgnqekv{
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Another parameter to be considered is the marginal 

angular changes. This consists of a time delay in the res-

ponse of the system to changes in the articulation angle 

in order to prevent undesired oscillations that could oc-

cur during fast angle variations for example when the 

vehicle encounters a road or speed bump. If the angle 

µ̶°ı̶²ı©-やŁ©Ø±-‒²や °Øß̶ı-や Œ©°や̶²や œØ̶±²や ²¹©や±Øª©-Ł±╇や ²æØや
system should ignore it.

'ı-̶œœ½╇や̶œœや²æı±やª©-±ıŁØ°̶²ı©-±や¹ıœœやÆØや̶TØª²ØŁやÆ½や²æØや
weight carried in the semitrailer, due this and the multi-

variable and non-linear nature of the system, an intelli-

gent control technique was required, taking into con- 

±ıŁØ°̶²ı©-や Œ³¾¾½や œ©ºıªや¹æıªæや ı±や¬̶°²や ©Œや ̶°²ıRªı̶œや ı-²Øœœı-
ºØ-ªØや²Øªæ-ı®³Ø±や̶-Łやı±や̶-や̶m°̶ª²ıµØや̶-Łや¹ØœœまØ±²̶Æœı±-
æØŁや̶¬¬°©̶ªæや²©や±©œµı-ºやª©-²°©œや¬°©ÆœØß±や〉-ØØ╇やｱｹｹｰ《╆

Fuzzy logic provides a methodology to represent, 

manipulate and implement expert heuristic knowledge 

for controlling a system. Also, with a fuzzy controller, 

robustness and low cost are inherent to each develop-

ßØ-²や〉1̶±±ı-©╇やｱｹｹｸ《╆
The set of fuzzy rules to develop the control system 

Œ©°やØ̶ªæやµ̶°ı̶ÆœØや¹̶±や©Æ²̶ı-ØŁや̶-ŁやR-Øや ²³-ØŁやŁ³°ı-ºや
the test rides of the experimental semi-trailer.

'ıº³°Øや ｱｰや ±æ©¹±や ²æØや Ø¼̶ß¬œØや ©Œや ²¹©やßØßÆØ°±æı¬や
º°©³¬±╈や̶《や̶°²ıª³œ̶²ı©-や̶-ºœØ╇や¹ı²æや±ı¼や œı-º³ı±²ıªやµ̶°ı̶-

ÆœØ±や²©や°Ø¬°Ø±Ø-²や̶œœや²æØや̶-ºœØやµ̶œ³Ø±╈や;Ø°©╇やｴや²©やｲｰ╇やｲｰや²©や
ｵｰ╇やｵｰや²©やｷｴ╇やｷｴや²©やｸｲや̶-Łやｸｲや²©やｹｰ╉や̶±や̶-やØ¼̶ß¬œØやｴや²©やｲｰや
ßØ̶-±や²æ̶²や²æØやµ̶œ³Øやı±やÆØ²¹ØØ-やｴや̶-ŁやｲｰやŁØº°ØØ±╇やª©--

sidering zero degrees when the tractor and the semi-

²°̶ıœØ°や̶°Øや̶œıº-ØŁや©°やı-や̶-ºœØ±やÆØ²¹ØØ-やｰや̶-Łやｴ┱╇や̶-ŁやÆ《や
vehicular speed, with four linguistic variables: low, 

middle, middle-high, and high, both articulation angle 

and vehicular speed will be used to feed the fuzzy an-

gle estimator in order to calculate the angle of the stee-

ring axles.

This calculated angle is then compared with the cu-

rrent steering wheels angle to determine the corrections 

²æ̶²や±æ©³œŁやÆØや̶ ¬¬œıØŁや²©や²æØや±²ØØ°ı-ºやßØªæ̶-ı±ßや〉Æœ©ªøや
Łı̶º°̶ßやıœœ³±²°̶²ØŁやı-や'ıº³°Øやｱｱ《╆

The corrections made by the fuzzy mechanical con-

trol are then compared cyclically retro-feeding the sys-

²Øßや ²©や ̶µ©ıŁや ©µØ°ま±²ØØ°╆や 'ıº³°Øや ｱｲや ±æ©¹±や ²æØや ßØßま 
bership functions group belonging to the error variable 

©Œや ²æØや Œ³¾¾½や ª©-²°©œや ß©Ł³œØ╇や ¹ı²æや ｠œ©¹を╇や ｠©øをや ̶-Łや
｠æıºæをや̶±やœı-º³ı±²ıªやµ̶°ı̶ÆœØ±╇や²©やŁØ̶œや¹ı²æや²æØやµØæıª³œ̶°や
±¬ØªıRªや ªæ̶°̶ª²Ø°ı±²ıª±╇や ±³ªæや ̶±╈や ŁØŒ©°ß̶²ı©-±や ª̶³±ØŁや
by the lateral forces, deformations caused by the longi-

tudinal forces, deformations caused by the auto-align-

ment forces, semi-trailer length, rigidity of the steering 

mechanism and drift rigidity of the tires.

Hkiwtg"320"Ogodgtujkr"hwpevkqpu<""
c+"ctvkewncvkqp"cping"cpf"d+"xgjkeng"urggfVehicular speed domain

Articulation angle domain
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Conclusion

)Ø̶µ½や̶°²ıª³œ̶²ØŁやµØæıªœØ±や̶°Øや³±ØŁや¹©°œŁま¹ıŁØ╇や̶±や©-Øや
of the most feasible solutions for freight. Due to the 

length dimensions and weight they encounter poor ma-

neuverability.

The handling of this kind of such vehicles can be 

greatly improved by using steering axles in the semi-

trailer to reduce the required road surface necessary to 

perform a turn maneuver placing less demand on late-

°̶œや²ı°ØやØT©°²±や̶-Łやª©-±Ø®³Ø-²œ½やŁØª°Ø̶±ı-ºや²æØや°ı±øや©Œや
loosing vehicular directional control, not to mention 

²æØや°ØŁ³ª²ı©-や©Œや²ı°Øや¹Ø̶°や̶-Łや±ª°³Æ╆や-ıøØ¹ı±Ø╇やÆ½や°ØŁ³-

cing lateral tire friction, the damage to road infrastruc-

tures will be minimized.

Fuzzy control represents a useful tool in dealing 

with non-linear systems. The controller approach pre-

sented in this paper is an alternative to solve some of 

the problems related to command steering in semi-trai-

lers without detriment to the improved maneuverabili-

ty provided from this type of systems.

The growing demand in freight transportation sys-

²Øß±や¹ıœœや±©©-や°Ø®³ı°Øやß©°ØやØUªıØ-²やµØæıªœØ±や²æ̶²や̶°Øや
more secure and intelligent, as well as environmentally 

Œ°ıØ-Łœ½╆や*&╈や8ıœœや-©²やª̶³±ØやŁ̶ß̶ºØや²©や²æØや°©̶Łやı-Œ°̶±-
tructures. In the years to come these varied demands 

will lead to the implementation of new technologies 

and designs.
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