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1 Agricultural transport in Poland 

In Poland farm tractors are used as main transportation means in 55-99% of all transportation 
work (in Europe only 2-4%). Most of these tractors are technically outdated and worn out: 
45% reached over 15 years, 24% are 10-15 years old, 24% are 6-10 years old, and only 7% 
are up to 5 years old. Agricultural towed machines and trailers are in use 30-40 and even up to 
50 years.  

Every year gross of these tractors are threatening main and transit roads safety and in our 
opinion - they contribute to traffic accidents, death of drivers and other casualties. Database of 
accidents in agricultural transportation is not very useful. Only 1.4 million individual farm 
owners (of total over 4 millions) has insurance policy. Among insured farmers every year 
they have around 900road accidents among them 90-100 are fatal. There is no expert 
datasheet like is used by ADAC, Germany - that any road help is recorded with technical 
details what has happened and copies of such report are sent to institution responsible for 
safety on roads. Main reasons of such tragically output on Polish roads are: 1) limited velocity 
of agricultural tractor-trailers unit (25-40 kmph); 2) outdated and dangerous one line 
pneumatic; 3) dangerous and not enough efficient inertia brake system used in trailers; 
4) leakages from farm tractor’s hydraulic circuit [1,2]. 

In Poland roads and highways are very narrow; most of them are one line in each direction, 
with no emergency lines. Roads’ quality and maintenance are far away from European 
standards mainly because of lack of governmental funds and lack of complex and efficient 
weighing and controlling system of vehicles’ units. Traffic on such road network is heavy and 
dangerous, among others, because of farm tractors with trailers are slowing down traffic flow 
(fig. 1). In Europe farm tractors generally are not driving on main roads but sometime such 
road units could also cause traffic and legal problems (fig. 2).  

Farm tractors are equipped with pneumatic brake system for trailers that was not modernized 
for years. Mathematical simulation tests provided by Bialystok Technical University 
concluded that such pneumatic brakes are not able to slow down trailers in efficient way and 
rate as hydraulic brakes in farm tractor [3]. Quite often, agricultural trailers are equipped with 
inertia (surge) brakes or they have no any brake system at all that likely happen in forestry 
trailers. Inertia brake system is dangerous and for example in USA it is prohibited in 
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commercial trailers. In addition, in over 40 states use of trailers with inertia brake system is 
forbidden and owners were force to replace that system with more secured one.  

It is strange that in European Directives inertia brake system is not validated like other normal 
brake systems, looks like nobody cares if inertia brakes can develop deceleration at least 
0,5 ms-2. Looks like EU directives are simply protecting dangerous inertia brake system 
design. Situation is even worst thanks human nature so very often drivers are “improving” 
basic design of inertia brake system by mounting special blocking bar (fig.3). Such bar is 
usually permanently set in blocked position so trailer has no brakes at all. 

 
Figure 1: Farm tractor on transit road near Bydgoszcz , Poland 

 
Figure 2: Farm tractor slowing down traffic on road in Rimbeck near Warburg, Germany 

 

 
Figure 3: Trailer with steel bar that is blocking action of inertia brake mechanism on old 

market square in Aachen, Germany 
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In our opinion, a great deal of other road accidents should be ascribed to the farm tractors 
technical condition, particularly the external power hydraulic system, often causes the 
contamination of the surface of roads with oil derivative substances, which during even slight 
precipitation build very dangerous oil emulsions (vehicles skidding). 

 

2 New medium size units as replacement of traditional farm 
transportation units in Poland 

The works done by PIMR-Industrial Institute of Agricultural Engineering indicate necessity 
of an urgent development and implementation of new generation of wheeled agricultural 
machines adapted for connecting with both, box trucks as well as farm tractors. Such modern 
medium size road units should be equipped with new category of ball hitch and coupler 
(60, 80 or 110 mm), modern electric braking system and modern agricultural tires - rated up 
to 90 kmph [2]. As an added value to existing on USA transport market technology - PIMR 
made several patents disclosures: truck’s support frame of ball hitch; ball couplers, adapters 
for agricultural (farm) tractors to allow transport of gooseneck trailer from field to farm yard; 
device for measuring forces on ball during braking action - for homologation and R&D 
works, adapter for electronic steering module mounted under cab of agricultural tractor.  

 
In the end of 2003 year in PIMR’s research work was made very important progress: R&D 
works stopped on implementation of electric brake system (electromagnet steering dual servo 
drum brake mechanism) and were focused on much more promising Sens a Brake system - 
electronic steering device for hydraulic brakes of trailers that was implemented in New 
Zealand and Australia as well [4]. Since February 2004 , PIMR together with Edge 
International Ltd  is working on Sens A Brake System’s adaptation to fulfill European 
homologation needs [5].  
 
Based on latest research work progress PIMR’s indicates three technological transportation 
options: 

1) Truck and gooseneck trailer technology as main transportation option and a replacement 
of farm traditional tractors units in Polish agricultural and forestry sectors;  

2) Modern electronic braking system that should replace one line pneumatic brake and 
inertia (surge) brake systems in agricultural and forestry towed machines and trailers; 

3) Hybrid units: agricultural, farm, tractors coupled with gooseneck trailer - could be used 
as supplementary unit to bring goods from the field to farmyard. Next by coupling truck 
with gooseneck trailer will allow transport of goods to stores and cities located 50-200 km 
away. 

 
There are several advantages of use of the light and medium size truck with gooseneck trailer 
over use of road car tractors coupled with semi-trailers: truck with expandable ball hitch is 
more universal transportation mean and thanks that it is much cheaper in exploitation and 
more effective in use. It can serve as a traditional box car for transporting goods or peoples 
but in case of transfer bigger volume of goods or animals (cattle, horses, pigs etc.) it can be 
transformed in few minutes into road tractor coupled with gooseneck trailer. New categories 
of road units are well suited for small and medium size farms, for machines ring users, for 
small rural transportation firms. Advantage of transportation ability of truck coupled with 
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gooseneck trailer over truck coupled with traditional trailer is obvious - e.g. Lublin 2,9t truck 
can tow trailer with growth vehicle weight up to 2 t and it can tow gooseneck trailer with 
GWV up to 5-6 t. Size of couple gooseneck trailer is practically limited by strength of its 
frame and design of ball hitch. 
In 2004 PIMR designed and presented on POLAGRA Agricultural Fairs in Poznan new truck-
gooseneck trailer unit transformed into mobile bio-diesel refinery as an offer for machines 
ring users (Fig. 4). 
 

 

Figure 4: Farm tractor coupled with mobile bio-diesel refinery 

 
3 Sens a Brake system - innovative electronic device for steering 

hydraulic brakes in light and medium size trailers in Europe. 

Sens A Brake System (SAB) is a unique innovative electronic steering system especially well 
suited for hydraulic brakes in light and medium size trailer. It is equipped with Load Sensor 
module and ABS as well. 
SAB is based on patented piezoelectric brake pad sensor and thanks innovative pneumatic 
servo mechanism it operates automatically and proportionally on hydraulic drum brakes in the 
trailers: gooseneck trailers, semi trailers, central axle trailers. 
From several years SAB’s LT1000 series units are working in Pacific region (New Zealand, 
Australia) and few in Canada and since 2004 year - new HT1400 SAB version was marketed 
in USA.  
European Directives are much demanding then overseas transportation regulations. European 
version of Sens a Brake system was specially updated according European Union legal and 
technical demands (Fig. 5). Preliminary tests were run on two sets of vehicles: Lublin 2,9 t 
truck coupled with one axle gooseneck trailer (GVW 3,5 t) and Mascott Renault truck 
coupled with two axles trailer (GVW 3,5 t) build in medium size firm KONAR, Poland [6]. 
To reduce project’s cost main road tests were finally run on specially adapted research 
gooseneck trailer that was equipped with two independent suspension systems: a) one 3 t axle 
and b) tandem axles 1,8 t (Fig. 6). 
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Figure 5: Sens a Brake system: a) Mouse pad, b) Brake pad mounted on pedal, c) EVO 
controller, d) Actuator mounted on research gooseneck trailer 

 

 
Figure 6: Lublin truck coupled with research gooseneck trailer (2 axles 1,8 t with 250x40 

brake mechanisms) during road tests at PIMOT-Industrial Automotive Institute 
in Lodz, Poland. 

During over one year intensive laboratory and road tests in Poland and New Zealand: mouse 
pads, EVO controllers, actuators were modernized and software was updated.  
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Not only Sens a Brake system was rigorously tested and was force to upgrade procedures. 
Same demanding Directives’ procedures were hard to pass for brake mechanism supplied 
with two types of axle: 1,8 t and 3 t. Despite of certificates issued by well known institution 
[7, 8] - brakes were not working properly and they did not reached certified parameters. Brake 
mechanism worked only with 75% of certified load. Based on these tests results manufacturer 
changed brake mechanisms in both types of axles.  

In June 2005 two new axles 1,8 t with replaced hydraulic brake mechanisms 300x60 were 
delivered to PIMR for homologation tests. Bigger axle will be delivered in the end of July 
2005 and it will be upgraded to 4 t with brake mechanisms 325x80. In second week of July 
new updated Sens a Brake units will be delivered to PIMR for R&D tests. 

 

4 Impact of trucks and gooseneck trailers technology 
 

 
 
Figure 7: Farm tractor unit should be replaced by modern truck-gooseneck trailer units, 

behind farm tractor unit slowed down cars waiting for overtaking actions. 
 
General advantages and estimated impact of trucks and gooseneck trailers technology 
comparing with agricultural farm tractor coupled with traditional trailers (Fig. 7) listed by 
categories are as follow: 

 

Economy: 
a) Efficiency – reduction of manufacturing cost, energy saving, much faster (2-4 times), 

reduction of transportation loses, more intensive exploitation of trucks; 
b) Versatility means of transport (personal box car/pickup for everyday application and 

towing truck for animal, goods etc. transportation); 
c) Cheaper transportation technology; 

Social: 
a) Potential new job position market for rural and small town society; 
b) Rural society integration; 
c) Much attractive transportation technology for young usually unemployed generation. 

Safety:  
a) Better work environment for driver (lower noise level in cabin, less vibration, less 

fatigue, easier coupling truck-trailers procedure); 
b) General improvement of roads traffic flow,  
c) Less road accidents.(tractor’s trailers knifing, turn over of farm tractors because of too 

big delay of trailer’s brakes), 
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d) Traffic flow improvement on main and international transit road network. 
Environmental: 

a) Less toxic emission (especially from not inspected/controlled engines in the farm 
tractors); 

b) Less fuel, greases, hydraulic fluids pollution of soil and ground water and roads; 
c) Environment resources saving (in Poland around 75000 tons of oil per year); 
d) Less accidents because of implementation of innovative electronically steered brakes 

advantages over inertia/surge or one line pneumatic brake systems in trailers. 
 

5 Needed research cooperation 
 
There are several technical and legal issues directly bounded with new road units 
implementation: 
1. New categories of ball hitches and couplers (60, 80, 110 mm) and respective Safety 

Standards with testing procedures should be internationally workout and implemented into 
European Directives; 

2. New categories of tires rated up to 90-100 kmph implementation, especially for agricultural 
innovative units; 

3. Revision of Surge Brake System in European Directives and Standards, especially for 
agricultural machines; 

4. Comparison studies and detailed analyses of new road vehicles units’ technology and 
traditional one; 

5. Design new with full public access database bank system for continuing study of road 
accidents with stress on involvement of agricultural transportation means (trucks, farm 
tractors, trailers, hydraulic liquids spillage, work safety etc.); 

6. Studies of new road units in scope of different fields and branches implementation (modal 
transport, railway transportation, maritime transportation; 

 

 

6 Conclusions 
 
1. The PIMR research and development have shown the feasibility, simplicity and the need to 

replace farm tractors by new innovative medium size road units: trucks coupled with 
gooseneck trailers. 

2. International cooperation is needed to introduce Legal and Safety Procedures into European 
Directives and Standards 

3. European homologation procedures should demand same features from any brake 
mechanism. In case those brakes such as inertia or one line pneumatic are out of technical 
spec their exploitation should be immediately forbidden on EU market and vehicle’s brakes 
should be upgraded to safer one system. 

4. Certified Institution should have obligatory procedure rights to retest samples of accepted 
already products on market. That is needed especially for products having potential big 
impact on safety of road vehicles and when new demands are implemented into European 
Directives. 
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