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Automatic Braking of Agricultural Tractors  
Functional Principles Involved in Applying the Service Brakes
The goal of this research project is
to develop a deceleration manage-
ment system for agricultural trac-
tor-trailer combinations, which in
the push mode automatically ap-
plies the tractor’s service brakes in
critical driving situations. In the
first part of this article the problem,
as well as the project goals and the
approach chosen, were described
[1]. Furthermore, basic strategies
for detecting critical driving situa-
tions were illustrated. This article
describes the functional principles
involved in applying the service
brakes in these situations.
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Overspeeds of diesel engines can da-
mage the inlet and outlet valves. At

high speeds the valves might not be retracted
fast enough by the valve springs and thus
collide with the piston. If the tractor is equip-
ped with a hydrostatic-mechanical power-
split transmission, the CVT’s axial piston
pump and motor can also be damaged, be-
cause they are more sensitive to overspeeds
than mechanical transmissions.

Engine speed thresholds

The controller for avoiding overspeeds was
developed by using a numerical simulation
of the system tractor-trailer-road. Previous
to the development of the controller, two en-
gine speed thresholds had to be defined. The
thresholds determine the speed range in
which the controller is working (Fig. 1). The
upper threshold is the speed which  the die-
sel engine must not exceed. It is determined
by the design of the engine and has to be gi-
ven by the manufacturers of the engine and
of the transmission. The upper threshold was
set to 2600 min-1 in the simulation. The lo-
wer threshold determines the activation
speed of the controller. Speeds higher than
these  are considered overspeeds. The lower
threshold should be chosen in such a way
that the working range of the controller is
large enough to allow a soft deceleration and
thus not negatively affect the driving com-
fort.

The simulated diesel engine had a rated
speed of 2200 min-1. The lower threshold of
the engine speed was set to 2300 min-1. This
provides a sufficient range between the rated
speed and the lower threshold to prevent the
controller from being activated at minor
overspeeds. The controller’s working range
is 300 min-1 which should avoid an abrupt
application of the service brakes. 

The functional principle of the controller
is shown in Figure 2. The controlled variable
is the diesel engine speed, the manipulated
variable is the vehicle’s braking ratio. The
closed loop controller is designed as a PI
controller. This controller provides a fast re-
sponse by means of the proportional element
while the integrator keeps the control devia-
tion low. The deviation is calculated by ana-
lysing the engine speed and its lower thres-
hold. The engine speed and its set value are
compared to detect whether the engine is in
coasting mode or not. If the engine speed is
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 Fig. 1: Definition of engine speed thresholds
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larger than its set value, the vehicle is in 
coasting mode and the controller is activa-
ted. At engine speeds lower than the set va-
lue the controller is deactivated.

The controller worked well in the simula-
tion. However, to keep the engine speed per-
manently lower than the lower threshold
while driving downhill, the brakes had to be
applied permanently. A permanent applicati-
on of the service brakes, however, means a
high thermal impact as well as mechanical
wear of the service brakes. To avoid this, the
braking controller should be designed to 
brake in intervals to allow cooling of the 
brakes between the braking cycles and mini-
mize the mechanical wear.

The braking controller was modified ac-
cordingly. Figure 3 shows two simulations of
braking processes at different road slopes.
After the engine speed exceeds its lower
threshold, the threshold is lowered by follow-
ing a ramp function. Thus, the engine speed
is reduced to a value lower than the former
threshold of 2300 min-1. As soon as the lo-
wered threshold has been under-run, the
threshold is raised again to 2300 min-1.

The value of the reduced lower engine
speed threshold is determined during the
braking process. The stronger the vehicle
pushes in coasting mode, the further the
threshold is reduced. This ensures that the
service brakes get enough time to cool do-
wn even at steep slopes with a heavy ve-
hicle. The vehicle’s pushing load is deter-

mined during the braking process by analy-
sing the maximum value of the braking
ratio that is output by the controller. The
higher the vehicle’s load is, the higher is the
braking ratio that is necessary to decelerate
the vehicle. Thus, depending on the maxi-
mum value of the braking ratio, the lower
threshold is decreased to a greater or lower
extent.
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Braking when the vehicle is  unstable

A control system has been developed also

Fig. 2: Functional
principle of the
deceleration
controller
Fig. 3: Intervallic braking at different slopes
Summary

The goal of the research project was to deve-
lop the fundamentals of a deceleration ma-
nagement system for agricultural tractor-
trailer combinations. The studies showed
that the detection of the critical situations in-
vestigated can be accomplished by using
sensors that are already present in state of the
art tractors. During the project control prin-
ciples were designed which allow a safe de-
tection and a reliable prevention of critical
situations.
for this driving situation. The goal is to app-
ly the vehicle’s service brakes when the slip
of the driving axle is too high. This results in
a braking of all of the vehicle’s axles. Thus,
to achieve the same braking ratio, the brak-
ing forces at each axle are substantially lo-
wer than before. This keeps the slip of all
axles low and stabilises the vehicle. For de-
tails of this controller please refer to [2].
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