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New application technologies and mechanisation 

ID: 2545 

Lateral stability performance of narrow-track tractors 

B. Franceschetti, V. Rondelli, E. Capacci

University of Bologna, Italy

A tractor losing lateral stability starts to rollover. It is a matter of fact that tractor lateral rollover 

accident is one of the most frequent causes of death and injuries for the farmers. Consequently 

tractor is fitted with a specific protective structure to minimise the consequences for the driver 

during the rollover (ROPS). The narrow-track tractor, designed to operate in vineyards and orchards, 

is a tractor category with a very narrow track width and the risk of rollover is higher. The aim of the 

study was to evaluate the narrow-track tractor types commercially available, including, the compact 

narrow-track tractors, designed to mount a cantilever engine in the forward position with effects on 

the Center of Gravity (CoG) because more than 50% of the tractor weight is loaded on the front axle, 

and specifically the articulated narrow-track tractors where the stability is affected by the pivot 

point connecting the two tractor bodies. As a consequence of the typical tractor design during the 

steering action the line passing through the front and rear wheel-ground contact points changes 

influencing the tractor rotation. Moreover the cab ROPS fitted on the articulated narrow-track 

tractor with its additional devices (air-conditioning system, filters, heating system etc..) influences 

the tractor CoG position and finally the tractor stability. The approach of the research was based on 

reproducing the lateral stability tractor condition by developing a kinematic model, with the goal to 

virtual simulate the tractor behaviour, calculating the limit angle of inclination for each tractor type. 

The kinematic model calculates the lateral stability limit angle for articulated and non-articulated 

tractors and if used during the tractor design phase allows adjusting the tractor parameters 

improving the lateral stability performance. 
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Development of a test methodology that evaluates the 
efficiency of an idle-stop device for agricultural tractor 

M. Varani, M. Mattetti, G. Molari

Università di Bologna, Italy

Idling is a vehicle condition in which the engine is running at the minimum rotational speed 

without accomplishing any useful work besides the generation of energy required to keep it rotating. 

Agricultural tractors may idle from 10 to 43% of their entire operating time and this inoperative time 

has to be minimized because it is deleterious for the environment, public health, fuel economy and 

engine life span. The idling time could be reduced adopting anti-idling devices such as the idling-

stop that is very popular on modern cars, however these devices are not currently present on tractor. 
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Since the engine restart requires an energy surplus from the battery to run the starter motor, idling-

stop devices are not efficient for very short idling periods. The aim of this study is to develop a test 

methodology able to predict the minimum idling time over that an idling-stop device turns to be 

energy efficient. Tests were conducted performing repeated engine switching on and off with 

different time lapses on a tractor with a maximum engine power of 194 kW. The fuel consumption 

was evaluated fuelling the tractor engine through a tank positioned on a precision scale. The power 

contribution delivered by the battery was evaluated with electrical current and voltage sensors. In 

order to analyse how the auxiliaries and the engine temperature influences idling fuel consumption, 

tests were carried out with and without the auxiliaries switched on, both conditions with the engine 

at standard operating temperature and at low temperature. Results confirm that with very short 

idling periods an idling-stop device is not energy efficient since the power provided by the battery 

to run the starter motor is higher that the energy saved during the engine shutdown. The minimum 

idling time that permits an energy savings is dependent on the tractor conditions in terms of engine 

temperature and the switch on of the auxiliaries.   
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A discrete element approach for modelling the breakability of 
crop stems 

B. Verschaeve, S. Vanmaercke, T. Bangels, W. Saeys

KU Leuven, Division of Mechatronics, Biostatistics and Sensors (MeBioS)

The Discrete Element Method (DEM) is becoming increasingly important for the optimization of 

agricultural processes. DEM modelling was already successfully applied to simulate particulate 

processes in agriculture such as discharge flows in silos and fertilizer streams. The use of DEM 

simulations to optimize processes involving crop stems has been limited due to the lack of realistic 

virtual crop stems. This changed recently due to the development of bendable and compressible 

crop stems. However, the material flow behaviour in those simulations is still inadequate because 

the crop stems cannot break up. This paper introduces an approach to model the breakability of 

bendable and compressible crop stems in DEM. It was first found that repeated stretching of wheat 

straw stems is approximately linear elastic. Stem failure occurs after a certain maximum load has 

been exceeded. Prior to this breaking event, straw stems do not undergo plastic deformation. The 

maximum tensile load that a stem can withstand without breaking, depends on a number of physical 

properties. A statistical model to predict the maximum tensile load was developed based on a series 

of experiments conducted during the harvesting season of 2019 on winter wheat in France. Prior to 

the tensile measurement, each stem was bent using a three-point bending experiment. The angle 

over which the stem was bent was randomly chosen and is called the maximum historical angle 

(MHA). The amount of bending can be considered as damage which influences the stem’s tensile 

strength. Using regression analysis, the experimental data was used to create a tensional damage 

model. Physical properties included in the model are stem diameter, wall thickness, Young’s 

modulus and maximum historical angle. The best model which could be obtained had an R-squared 

of 0.84 and is therefore adequate to model the breakage behaviour of crop stems in DEM. 


