
Scale-Model Articulated Vehicle with
Individual Wheel Drives for Traction

Control Studies

Abstract: Small scale model vehicles have been successfully used in multiple projects for
research and for evaluation of models. ArtiTRAX, an experimental platform designed at Lule
University of Technology, is introduced to study the behaviour of articulated vehicles with
individually driven wheels. Three case studies are presented; energy efficiency due to mass
transfer, online tyre parameter estimation and articulating control by controlling the wheels.
The platform was shown to be a valuable asset for research and that it can be controlled through
a kinematic model by only using actuation of the wheel drives.
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1. BACKGROUND

Articulated vehicles consists of two or more parts, also
called frames, connected via hinges. Each of these frames
have one or more driven or undriven wheel-axles depending
on the intended work the vehicle is supposed to perform.
Frame-steering implies that there is actuation acting to
control the yaw-angle directly. In construction equipment
this is usually a hydro-mechanical solution with cylinders
pushing or pulling. This can be modelled as a spring-
dampening system, according to Rehnberg et al. (2011),
who presents a small scale model to study the snaking
and folding stability of such a vehicle. Further reading
about snaking behaviour of articulated vehicles can be
found in i.e. Azad et al. (2005). Each of the frames has
its own centre of gravity, as such a combined centre of
gravity for the whole vehicle could be calculated. This
combined centre of gravity would however be dependent
of the articulation angle. Further explanation of this can
be found in i.e. Andersson (2013).

In many scenarios, experimental platforms are designed
to be scaled versions of the original. This may be for
prototyping, proof of concept or research. A common goal
is to reduce costs, save time and reducing risks associated
with full-scale vehicles. It should be noted that not all
parameters may be scalable, and should be kept in mind
while trying to apply the experimental results to a full
scale vehicle.

ArtiTRAX, see figure 1, is an articulated vehicle with indi-
vidual wheel drives. It consists of two TRAX wheelchairs
from the Swedish company Permobil and is developed at
Lule University of Technology in collaboration with Volvo
Construction Equipment.

2. CASE STUDIES AND RESULTS

2.1 Energy Efficiency

Measurements were performed to compare energy effi-
ciency caused by torque distribution for different mass
distributions, see table 1. While changes in variables such
as wind, ambient temperature, inclination could be as-

Fig. 1. The picture shows ArtiTRAX during a test at the
Arcus arena in Lule̊a, Sweden.

sumed constant due to performing the experiments inside
a gymnasium, temperature increase in motor windings
seemed to have a higher impact on efficiency then first
expected. To counter this effect the torque distribution was
changed between 0% to 100% and back to 0% in intervalls.
See figure 2.

Table 1. Mass distribution for different weight
placements

Axle F/R 80/00 F/R 60/20 F/R 0/80

Front 180 kg 160 kg 100 kg
Rear 140 kg 160 kg 220 kg

Small differences in efficiency can be noted between differ-
ent mass distributions. More weight on the front wheels
seems to increase efficiency, but might be an artifact from
increased rolling resistance due to lower pressure or ra-
dial differences. For all tested mass distributions, optimal
efficiency can be found just over 50% Rear Axle Torque
Distribution (TRP).

2.2 Tyre parameter estimation

When trying to decide the effective rolling radius of a tire
as a function of applied torque there is an approximately



Fig. 2. Efficiency when driving straight inside a gymna-
sium at steady state velocity for varying mass distri-
butions.

Fig. 3. Kalman filtered effective rolling radius as a function
of motor winding current.

linear region around zero, which is also discovered in other
studies. Further reading about this can be found in i.e.
Andreev et al. (2010). The effective radius, reff , can be
expressed as

reff = r0 + γT (1)

where r0 is the radius in driven mode, γ is the elasticity
constant of the tyre and T is the applied torque. In figure
3, an experiment is performed to estimate the two slowly
changing parameters r0 and γ online. A Kalman Filter
was used to compare the wheel odometer data with the
actual velocity from the measurement wheel by excitation
of the torque with a saw-tooth shaped signal. The study
shows that the tyre parameters for the linear region can
be estimated online. It also shows that the parameters
differs depending on conditions such as ground material
and lateral forces, which may prove to have future uses or
applications. See figure 4 for the parameter estimation of
the experiments. It should be noted that more weight put
on the wheel, the lower static radius is estimated.

2.3 Articulating angle control

An important part of all wheel drive articulated steering is
to not let the wheels counteract the articulated steering. A
simple example is when braking the wheels and trying to
change the articulation angle at the same time. This basic
case focuses on driveability without the frame-steering,
which requires the manoeuvres to be carried out solely
by the wheel actuators.

Fig. 4. Tyre parameter estimation for front left wheel for
25 steady state runs per mass distribution.

Fig. 5. Schematic showing the control loop when using the
kinematic model as a control allocator.

By using the control structure shown in figure 5, where
a kinematic model of an articulated vehicle is used as an
control allocator for controlling the velocity of the wheels,
the vehicle can perform maneouvers up to the limitations
put on by friction and maximum torque. It was shown to
be able to handle both the snaking and jack-knifing effect
when driving in a circle with a constant radius and at a
constant velocity.
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