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System and method for improving aerodynamic conditions around a ground
travelling vehicle

Field of the Invention

The present invention relates to the field of vehicle aerodynamics,
and more specifically to a system and a method for improving the
aerodynamic conditions around a ground traveling vehicle. In addition, the
invention also relates to a ground traveling vehicle comprising the system for

improving the aerodynamic conditions.

Background of the Invention

In the art of vehicle design, it is well known that air resistance
generates unfavorable forces on traveling vehicles, leading to reduced speed
and higher fuel consumption. In motion, the majority of air resistance on a
vehicle can be localized to certain areas, such as the front surface of the
vehicle (the windshield, hood etc). Another zone especially exposed to air
resistance is the area located behind a vertical surface, such as the area
behind a vehicle cab or a trailer. Behind this particular area, high air
turbulence is present together with a low air pressure, which generate a so
called “drag force” on the vehicle. The impact of air resistance to a vehicle
represents a substantial amount of the vehicle’s total fuel consumption.
Therefore, improvements in the aerodynamic conditions around a moving
vehicle may have an important impact on the fuel consumption.

To reduce air resistance, vehicles are often designed with a
streamlined and thus more favorable aerodynamic shape. Another common
solution is to provide the vehicle with spoilers or wind deflectors so that the
airflows around the vehicle can be diverted. On on-highway trucks, wind

deflectors are normally located on top of the vehicle cab or positioned
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vertically along the vertical edges of the cab.

In particular, an on-highway truck often consists of an independent
hauling vehicle that can be connected to different trailers. Consequently, the
geometry of this “composed” vehicle is often changing and the wind deflectors
need to be adjusted each time the truck is being connected to a new trailer.

An example of a vehicle with an adjustable spoiler is disclosed in US
4,810,022. The adjustable spoiler is included in a system, which analyzes a
number of external and internal vehicle operating parameters in order to
determine if high stability or reduced air resistance should be prioritized,
whereby the spoiler is positioned accordingly. Among other sensors included
in the system, a cross-wind sensor is mounted at a point particularly exposed
to cross-winds. The sensor is enclosed within a housing with internal flow
paths, in which the cross-wind airflow is directed and measured by means of
pressure sensors.

However, the environment around the vehicle commonly contains
contaminants such as dirt, oil and water. A problem with the type of wind
sensors as described in US 4,810,022 is a lack of reliability and durability in
such harsh conditions.

Hence, there exists a need for a system for improving the
aerodynamic conditions around a ground traveling vehicle, which system is

not as sensitive to the conditions in which it is utilized.

Summary of the Invention

In view of the above mentioned and other draw-backs of prior art, it is
an object of the present invention to provide an improved system and method
for reducing the air resistance to a ground traveling vehicle.

According to a first aspect of the present invention, this and other
objects are achieved by a system for improving the aerodynamic conditions
around a ground traveling vehicle, the system comprising:

- ameasuring unit configured to measure aerodynamic conditions,
- a control unit configured to receive input data from the measuring unit,

and



WO 2014/133424 PCT/SE2013/000029

10

15

20

25

30

3

- at least one adjustable wind deflector,
wherein the control unit is further configured to generate output data
comprising an indication of at least one favorable position of the wind
deflector, and wherein the measuring unit measures the aerodynamic
conditions by measuring the movement of airborne particles.

The present invention is based on the realization that aerodynamic
conditions around a vehicle can be measured and improved. In particular, by
measuring the movements of airborne particles, the aerodynamic conditions
around the vehicle, in terms of the direction of wind flows and laminar and
turbulent flow, can be determined. The measurement of the aerodynamic
conditions includes measuring the direction of particles in an air flow.
Additionally, the measurement may also include other parameters, such as
particle speed, air pressure and/or air density. Moreover, with the present
invention, changes in the aerodynamic conditions around a vehicle may be
monitored over a period of time. Specifically, the airborne particles typically
consist of naturally occurring aerosols, as for instance water droplets, fog,
smoke or various pollution particles, which follow the movements of the air.
Additionally, the airborne particles may origin in substances from the vehicle,
such as heat, noise and condensation water from a HVAC or an air drier
system etc. The airborne particles are therefore suitable to be used as trace
elements for aerodynamic conditions. Hence, a measuring unit can be
arranged to measure the aerodynamic conditions from the movements of
airborne particles.

Advantages with the present invention include that aerodynamic
conditions can be measured with high accuracy, and that favorable positions
of at least one adjustable wind deflector can be determined. A favorable wind
deflector position implies a position which generates a minimum drag force on
the vehicle, in comparison to other possible positions of the wind deflector,
ranging from a minimum to a full deflection. Moreover, the favorable wind
deflector position implies an indication of the most favorable wind deflector
position in relation to a unique aerodynamic phenomenon in a specific

location around the vehicle.
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According to an exemplary embodiment of the invention, the
measuring unit comprises a Radar arrangement or a Doppler-Radar
arrangement.

According to an exemplary embodiment of the invention, the
measuring unit comprises a Lidar (Light Detection and Ranging) arrangement
or a Doppler-Lidar arrangement.

The Radar and the Lidar measuring units include no exposed
moveable parts, in direct contact with the air to be measured. Therefore,
these systems are designed to endure the typically harsh environment around
a vehicle, accommodating dirt, oil and corrosion. When airborne particles
receive a transmitted signal from the Radar or the Lidar arrangement, they
reflect the received signal by altering certain modulated frequencies of
backscattered signals. In order to profile the wind, the backscattered signal
can be analyzed in wind vectors, which give the speed and the direction of
the wind. Consequently, aerodynamic conditions can be measured and
visualized in three dimensions.

According to an exemplary embodiment of the invention, the
measuring unit comprises a pulsed Lidar arrangement or a pulsed Doppler-
Lidar arrangement. According to an exemplary embodiment of the invention,
the measuring unit comprises a pulsed Radar arrangement or a pulsed
Doppler-Radar arrangement. An advantage with a pulsed signal emitting
measuring arrangement is that the risk of overloading signal processing
circuitry is reduced.

According to an alternative embodiment of the invention, the
measuring unit comprises an acoustic signal emitting measuring unit. An
acoustic signal emitting measuring unit provides for an alternative signal
emitting measuring unit.

According to an exemplary embodiment of the invention, the
measuring unit comprises an ionized air measuring unit for measuring the
movement of ionized particles in the air. The ionized air measuring unit
provides an alternative arrangement for measuring aerodynamic conditions.

The ionized air measuring unit measures direction of airborne particles by
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tracing the particles from their static content. The ionized air measuring unit
has a durable design, comprising no moveable sensor parts exposed to the
harsh environment around the vehicle.

According to an exemplary embodiment of the invention, the ionized
air measuring unit comprises means for introducing particles with an electrical
charge into the wind flow. Notably, the movements of the charged particles
give rise to an electrostatic field, which in turn creates a measurable electric
charge. Consequently, the direction of the wind may be measured by the
position of and change in electric charge.

According to an exemplary embodiment of the invention, the
introduced particles comprise water droplets.

According to an exemplary embodiment of the invention, the system
is further comprising:

- an adjustment device operable by the control unit,
- actuating means connected to at least one variable wind deflector and
displaceable by the adjustment device,
wherein the actuating means is adapted to displace the variable wind
deflector to a favorable position, as indicated by the control unit. In particular,
the adjustment device may be any device which is capable of providing a
motion to a wind deflector, such as a mechanical, pneumatic or hydraulic
device. The adjustment device may for instance comprise a mechanical,
pneumatic or hydraulic drive motor arrangement. Another example of an
adjustment device is a “parasitic system”, which is in connection with and
extracts energy from other mechanical, pneumatic or hydraulic vehicle
systems. The adjustment device and actuator system allows for an automatic
wind deflector adjustment. Less time and effort is then required for the driver
to manually measure and adjust the wind deflectors, whereas some are
especially difficult to access, like e.g. the roof-mounted cab deflector.
Moreover, the adjustment of the wind deflectors is ensured to be accurately
performed, independently of the technical skills of the driver.
According to a second aspect of the invention, it relates to a ground
traveling vehicle comprising the system in accordance with the first aspect of
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the present invention. According to one exemplary embodiment, the wind
deflector may be mounted to a vehicle body at a fixed location by pivotal
fastening means. The pivotal fastening means allows for a variable wind
deflector position, defined by an angle or a displacement of the wind deflector
in relation to the vehicle body.

According to an exemplary embodiment, the ground traveling vehicle
is a truck vehicle adapted to haul a trailer or a trailer adapted to be hauled by
a truck and wherein the measuring unit is provided on either the truck or the
trailer. The truck vehicle can for example be a highway truck which is either
connectable to a trailer in a releasable manner or rigidly connected with the
trailer.

According to an exemplary embodiment, the measuring system is
mounted in the space between the vehicle and the trailer. Such a placement
is beneficial since it is a well-suited position for measuring aerodynamic
conditions.

According to an exemplary embodiment, an emitted signal from the
Radar or Lidar arrangement is directed towards a point on the surface of the
trailer, which surface is directed towards the truck which is located between a
truck and a trailer.

The space between the truck and the trailer is characterized by high
turbulence levels. While the vehicle is also being subject to turbulence on
other surfaces, the turbulence that is present between the two vehicles is
especially inconvenient in terms of air resistance and drag forces acting upon
the vehicle.

According to an exemplary embodiment, an emitted signal from the
Radar or Lidar arrangement is directed along at least one of the sides of the
vehicle, parallel or at an angle in regards to the travel direction of the vehicle.
By this measurement, the aerodynamic conditions next to the vehicle can be
measured and a favorable position for vertical side-mounted deflectors can be
determined.

According to an exemplary embodiment, the invention relates to a

ground traveling vehicle, wherein an ionized air measuring unit is arranged in
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a space between the truck and the trailer. As mentioned above, the space
between the truck and the trailer is both an area protected from potential
impact and is characterized as a high turbulence space.

According to an exemplary embodiment, the ionized air measuring
unit is mounted on a lower chassis on a truck vehicle or a trailer. Advantages
include that the aerodynamic conditions under the vehicle can be measured.
Moreover, if there are wind deflectors under the vehicle, their favorable
positions may be determined.

According to another exemplary embodiment, the system comprises
several measuring units, which are arranged at different locations of the
vehicle. As the vehicle may be provided with several wind deflectors and the
impact and magnitude of the aerodynamic conditions may vary at different
points around the vehicle, the measuring units may be mounted and arranged
to measure in different points with high turbulence.

According to an exemplary embodiment, the wind deflector is
provided on the roof of a truck cab.

According to a third aspect of the present invention, it relates to a
method for improving the aerodynamic conditions around a ground traveling
vehicle with at least one variable wind deflector, comprising the steps of:

- measuring the movement of particles in air surrounding the vehicle,

- determining aerodynamic conditions based on the measurement of
said movement of particles,

- determining a favorable position of said at least one variable wind
deflector.

The advantages of the method are substantially analogous with the
advantages of the first aspect of the present invention. Advantages
include that aerodynamic conditions can be measured with high accuracy,
and that favorable positions of at least one wind deflector is continuously
determined by a real-time evaluation of the present aerodynamic situation.

According to an exemplary embodiment, the step of determining a
favorable position of the at least one adjustable wind deflector is followed

by a step of positioning at least one adjustable wind deflector in a
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According to an exemplary embodiment, the steps of measuring the
movement of particles in air surrounding the vehicle, determining
aerodynamic conditions based on the measurement of said movement of
particles, and determining a favorable position of said at least one adjustable
wind deflector are repeated continuously as the vehicle is operated. By
repeating the measurement, the position of the wind deflector can be
continuously evaluated in relation to the present aerodynamic situation.
Moreover, the measurement values may be either average values or a
momentary peak values.

In an exemplary embodiment, the measurement of the aerodynamic
conditions is executed at fixed intervals when the vehicle is in motion, to
continuously ensure that the wind deflector is in a favorable position. This
means that the favorable positions are either revalued during the entire trip, or
during certain cyclic times. Further, the favorable positions may also be
revaluated at relevant ranges of vehicle speed. In an exemplary method, the
measurement is initialized when the vehicle has reached the relevant speed
range for measurement, i.e. when the vehicle has reached a certain speed
where the advantages of a correct wind deflector positioning are noticeable.

In another exemplary embodiment, the calculation, determination and
positioning of a wind deflector position in a favorable position is activated
when the received measurement values exceed reference values defined in a
moving average filter. If the measurement includes more than one
measurement series, the biasing effect from temporary influences, such as
e.g. shear winds or turbulence from other vehicles can be reduced. According
to an exemplary embodiment, the measurement may be coordinated with the
movement of the wind deflector between a first position, in which the deflector
is completely deactivated to a second position, in which the deflector is set at
full deflection. The coordinated measurement and deflector movement
enables the system to measure the aerodynamic conditions as a function of
the deflector position. This simulation function may be performed at the

beginning of the trip, or when the vehicle reaches a certain speed.
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According to an exemplary embodiment, the step of positioning the at
least one adjustable wind deflector into a favorable position is executed if the
same favorable position has been determined at least two consecutive times.
If the favorable wind deflector position is based on more than one
measurement, the biasing effect from temporary influences, such as e.g.
shear winds or turbulence from other vehicles can be reduced.

According to an exemplary embodiment, the step of determining a
favorable wind deflector position may only be performed after the detected
levels of aerodynamic conditions are exceeding predetermined threshold
values. In particular this results in less data load on the control unit and
consequently a faster and more reliable processing capability.

According to an exemplary embodiment, the movement of particles is
measured by means of a Radar or Lidar measuring arrangement. The Radar
and Lidar measuring systems include no exposed moveable parts, in direct
contact with the air to be measured. Therefore, the system is designed to
endure the typically harsh environment around a vehicle, including e.g. dirt, oil
and corrosion.

According to another embodiment, the step of measuring the
movement of particles comprises:

- ionizing particles in air surrounding the vehicle, and
- measuring the movement of at least some of the ionized particles by
means of an ionized air measuring unit.

By measuring the movement of particles, an alternative method for
measuring aerodynamic conditions may be applied to the present invention. If
the measurement of aerodynamic conditions is required in a well-defined and
specific zone, the method including the measurement of ionized particles may

be performed with advantage.

Brief description of the drawings

The invention will now be described in more detail with reference to
the accompanying drawings, which by way of example illustrate the present

invention and in which:
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Fig. 1 is a schematic perspective view of a vehicle equipped with the
inventive system,

Fig. 2 is a schematic side-elevation view of a vehicle equipped with
the inventive system according to an exemplary embodiment,

Fig. 3 is a schematic side-elevation view of a vehicle equipped with
the inventive system according to another exemplary embodiment,

Fig. 4 is a flowchart of an exemplary method for improving the
aerodynamic conditions around a vehicle.

Fig. 5 is a flowchart of another exemplary method for improving the

aerodynamic conditions around a vehicle.

Detailed description of the drawings

In the following description, the present invention is described with
reference to an on-highway truck vehicle. It should be noted that this by no
means limits the scope of the present invention, which is equally applicable
on other types of ground traveling vehicles, such as busses, cars, utility
vehicles, machinery and off-road machinery. Moreover, the present invention
is also applicable for the above mentioned ground traveling vehicles in
combination with connected trailers. Moreover, and in particular, the present
invention is especially useful for vehicles as their travel speed exceeds 45
km/h.

Fig. 1 shows a vehicle 1 in a configuration consisting of a highway
truck 2 releasably connected to a trailer 3. In this particular illustration, several
wind deflectors for diverting the airflow around the vehicle are mounted at
different positions; one top deflector 4 on the roof 6 of the vehicle cab, two
side deflectors 5 located on each side of the cab and a deflector 7 at the rear
end of the trailer 3. However, it is also possible to arrange either more or less
wind deflectors. The wind deflectors 4, 5, 7 may be manufactured from any
resistant material, such as metal or plastics. Preferably the material should be
of light weight. The wind deflectors 4, 5, 7 are pivotally mounted in relation to
the vehicle 1, in such a way that each deflector 4, 5, 7 can be adjusted in
various positions. In order to fix the wind deflector 4, 5, 7 in a certain position,
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a locking member (not illustrated) is connected to the wind deflector 4, 5, 7.
The locking member ensures that the deflector 4, 5, 7 is immovable even
when it is subject to an applied force/load from air resistance. In the following,
the present invention will be described in relation to the roof-mounted wind
deflector 4. In this embodiment, an adjustment device in the form of a drive
motor 8 is operably connected to the wind deflectors 4 through at least one
actuator 9, which enables the wind deflector 4 to be automatically adjusted,
whereby the angle 6 between the vehicle 1 and the deflector 4 can be set.
Not illustrated in the drawings, but the wind deflectors 5, 7 mounted on the
vehicle may also be connected to adjustment arrangements by which their
respective angle relative the vehicle body may be adjusted. There are several
possible designs for a locking member for holding the wind deflector at a fixed
position in relation to the vehicle; it may be e.g. an individual arrangement or
a component in co-operation with the actuator 9.

In line with an object of the invention, the deflector 4 should be
positioned in a favorable position, i.e. a position that generates a low
turbulence level. If the turbulence level is kept at a minimum, it also implies
that the associated drag-forces will be at a minimum, which in turn contributes
to lower the fuel consumption. In the present invention, the favorable
positions are determined by means of a measuring unit 10 and a control unit
11. In particular, the measuring unit 10 is adapted to measure the direction of
airborne particles, and to transmit the measuring data to the control unit 11.
Notably, the direction and behavior of airborne particles is a relevant air flow
characteristics for determining an optimal deflector position. The measuring
unit 10 will be further explained in relation to different embodiments of the
present invention. The control unit 11 is adapted to perform further
calculations from the measurement data, in order to determine different levels
of aerodynamic conditions, drag forces, favorable deflector positions and
generate aerodynamic output data.

Fig. 2 shows an exemplary embodiment of the present invention,
comprising a non-contact signal emitting measuring unit 10’ for measuring the

speed and direction of particles in the air surrounding the vehicle 1. The
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signal emitting measuring unit 10’ may consist of a Lidar arrangement,
emitting infrared laser light signals, a Radar arrangement, emitting
electromagnetic reference signals, or an acoustic signal emitting
arrangement. Both the Radar and the Lidar systems are based on the
principle that an emitted reference signal 14 is reflected on airborne particles.
The movement of these particles alters a certain reflected signal, which can
be received by a detector and receiver unit in the measuring unit. A
processing circuitry in the measuring unit is arranged to further analyze the
received signal, whereby the radial wind speed and direction can be
measured. The measuring unit 10’ may be mounted, as illustrated, on the rear
vertical side 21 of the vehicle cab, in-between the truck 2 and the trailer 3.

In order to determine the major aerodynamic forces acting upon the
vehicle, the measuring unit 10’ is directed to points where high turbulence is
typically generated. Points with high turbulence are normally concentrated to
the space located directly behind the vehicle cab as well as the space behind
the rear surface of the trailer. A measuring point can be selected by directing
the signal to a point 15, located close to the upper edge of the trailer.
However, there can be other turbulent extreme points that depend on the
aerodynamic shape of the vehicle, which can be determined through e.g. field
tests and included for measurement.

If the need of measuring aerodynamic conditions is concentrated to
one point or one restricted space, the system may comprise one coherent
part. Alternatively, separate remote sensing means, comprising the signal
transmitter and receivers can be mounted at several positions, and directed to
measure into points with high turbulence, while the measuring unit's
processing circuitry and the control unit 11 may be arranged in a central
location.

Fig. 3 illustrates another exemplary embodiment of the measuring unit
according to the present invention. An ionizing air measuring unit 10” is
mounted in a space, typically exposed to high turbulence, such as the space
behind the rear vertical wall of a highway truck. In particular, the ionizing

measurement unit 10” detects the presence and magnitude of aerodynamic
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conditions, which are concentrated to a particular point or space around the
truck. The ionizing air measuring unit 10” comprises a housing 16 with
internal flow channels. An ionizing device 18 may be centrally arranged inside
the housing 16 or at the inlets 17 of the flow channels and is adapted to
electrically ionize the airborne particles. Additionally, a supplementary amount
of airborne particles may be generated by means 20 for introducing a mist of
particles into the wind flow as it enters the channels. The particles may be
provided with a modified electric charge, which differs in relation to the non-
modified and naturally occurring particles in the air surrounding the vehicle. In
particular, the modified electric charge may be either a positive charge or a
negative charge. Moreover the mist of particles may comprise water droplets.

Sensors 19 mounted at the inlet 17 and outlet 17’ of the flow
channels are configured to trace the movement of the ionized particles.

The ionizing air measuring unit 10” is adapted to measure
aerodynamic conditions by first receiving the wind in the flow channels and in
a following step ionizing the naturally occurring particles in the airflow,
whereby the direction and ionic charge characteristics of the particles may be
traced. The sensors 19 mounted at the inlets 17 and outlets 17’ of the flow
channels are in connection with an electrostatic field detector, which is
adapted to measure the voltage or power differential of the electrical field
such that the measured values relate to the direction of the particles as they
travel through the flow channels.

In both embodiments described above, the measurement unit 10’,
10” provides measurement data in terms of the travel direction of airborne
particles. The measurement data is communicated to the control unit 11,
which determines the aerodynamic conditions. Based on the levels of the
aerodynamic conditions, the control unit 11 also determines favorable
deflector positions and displacement distances needed to adjust the
deflectors 4 to the favorable position. In order to analyze the measurement
data, determine favorable deflector positions and displacement distances, the
control unit 11 may be in communication with a central vehicle control unit 22

for performing cross-checks with other vehicle operating parameters such as



WO 2014/133424 PCT/SE2013/000029

10

15

20

25

30

14

speed, acceleration and geometric deflector surface data.

The output data from the control unit 11 may be communicated back
to the central vehicle control unit 22 and/or to a user interface 23. Moreover,
the control unit 11 may be adapted to calculate the required displacement of
the actuator 9 and activate the displacement of the actuators, in order to
reach favorable wind deflector positions.

The control unit 11 may be mounted in an accessible place,
protected from dirt, corrosion, wind and other deteriorating conditions.
Therefore, as illustrated in fig. 2, the control unit 11 may be mounted inside
the cab or in the engine compartment of the vehicle.

The system has been described as comprising an automatic wind
deflector adjustment function. Nevertheless, in an alternative (not shown)
embodiment, the described drive motor and actuator arrangement may be
excluded, whereby the adjustment operation of the wind deflectors is
performed manually. This could be an advantage for systems with few wind
deflectors, where less components and attachments are required.

In fig. 4, an exemplary method for improving the aerodynamic
conditions around the ground traveling vehicle is illustrated in a schematic
flow chart, and will be described hereafter. This exemplary method is based
on a Radar or Lidar measurement method.

The measuring system is first activated in a step S1, when the truck
reaches a certain predetermined speed. In a second step S2, the measuring
unit 10’, is measuring the movement of airborne particles in the air
surrounding the vehicle. Preferably, the measuring unit is performing a
consistency check of at least two consecutive measurement series within a
short time interval.

In a following step S3, the measurement data is communicated to the
control unit 11, which determines the actual data for the aerodynamic
conditions, based on the speed and direction of the airborne particles.
Additionally, the Radar or Lidar system may include other parameters for
measurement, such as air pressure, air temperature and air density. The

control unit 11 profiles the wind such that the aerodynamic conditions in the
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airflows adjacent to the vehicle are determined. Following, in step S4, the
actual data on the aerodynamic conditions is compared to a predetermined
set of rules in order to determine and classify the turbulence level. The
predetermined set of rules may either be predetermined values, which are
based on the conceptual data of the vehicle 1 and may for example comprise
ranges of air flow values, classified as normal, high or low in relation to the
laminar and turbulent air flow. The predetermined set of rules for air flow
intensity is linked to variable vehicle operating parameters, such as speed,
and acceleration. In order to determine the air flow level, the control unit 11 is
communicating with at least one central vehicle control unit (ECU) for
obtaining the required information in regards to the variable operating
parameters. In a practical example, corrective action will be taken by the
system if the air flow level exceeds the “normal” value range in respect to
turbulent and laminar flows.

The step S5 of determining a favorable position of at least one
variable wind deflector 4 is initialized after the air flow level is determined in
relation to the predetermined set of rules. The wind profile data comprising
speed and direction of the airflows together with geometric data on the wind
deflector are processed together in the control unit 11 in order to determine a
favorable wind deflector position. In a following step S6, the wind deflector 4
may be positioned in the favorable position. The measurement may be
activated regularly at certain intervals by means of a time-based loop, so that
the favorable position is continuously evaluated and adapted to present
aerodynamic situations. As an alternative, the step of determining a favorable
wind deflector position may only be performed after air flow levels are defined
as “high” in respect to laminar and turbulent flows; in particular this results in
less data load on the control unit and consequently a faster and more reliable
processing capability. Additionally or alternatively, the system may detect
when the air flow level is increasing in terms of turbulence and the setting of
the wind deflector starts deviating from an optimal setting. Following, the
detection of the deviation, the system may automatically initiate and perform a

corrective flow measurement and positioning of the wind deflector.
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On the other hand, when the movement of ionized particles is
measured by an ionizing air measuring unit 10”, it implies a few modifications
to the exemplary method as previously described in relation to fig. 4. In
particular, the travel direction of airborne particles may be a unique
representative value of particle movement. Consequently, the aerodynamic
condition, in terms of the direction of the airflows, at the specific measurement
location adjacent to the ionizing air measuring unit 10” can be determined.
Moreover, the aerodynamic condition in terms of the direction of the wind
flows may be classified in relation to normal/predetermined air flow directions
at an optimal wind deflector positioning. Following, the step of determining a
favorable wind deflector position can be performed in a similar manner as
described in relation to fig. 4, except from that the wind profile data is only
based on the direction of the airborne particles. Thereafter, the wind deflector
is positioned in a favorable position. The measurement may also be activated
regularly at certain intervals by means of a time-based loop, such that the
favorable position is continuously evaluated and adapted to present
aerodynamic situations.

An example of another exemplary method is illustrated in fig. 5, which
is based on the previous method, with a few modifications. In a first step S11,
the measuring system is either automatically or manually activated. In a
second step S12, the wind deflector 4 is positioned in an initial position, i.e. a
deactivated and horizontal position. In a third step S13, the movement of
airborne particles in the air surrounding the vehicle 1 is measured. During the
step of measuring the movement of airborne particles, the wind deflector 4 is
gradually raised, which enables the system to measure actual values of the
aerodynamic conditions based on actual deflector positions. In a fourth step
S14, the aerodynamic conditions are calculated. In a fifth step S15, the
captured data of the aerodynamic conditions is compared to a predetermined
set of rules, which may be predetermined values which are based on
conceptual data and may comprise ranges of air flow values, classified as
normal, high or low in respect to the principles of laminar and turbulent flow.

The predetermined rules for air flow intensity are linked to variable vehicle
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operating parameters such as speed and acceleration.

In a following step S16, the air flow data is adjusted based on
calibration factors, which typically depend on the vehicle characteristics, such
as the effect from the variable shape of the wind deflector 4, variations in
wheel alignments and etc. Additionally or alternatively, the air flow data is
adjusted based on an experience factor. The experience factor may correct
the air flow data by adding trends of typical variations, which are not related to
the vehicle 1 itself, but to the surroundings, such as the typical variations in
the cargo/load. For instance, the experience factor may describe how the
location of the load is typically shifting in the trailer 3. The experience factor
may also be generated by continuously collecting and storing data in a
database, such that an adaptive sensibility may be built up and calculated
from the data.

In a further step S17, the favorable wind deflector position is
determined. Following that, in step S18, the system controls if the favorable
position lies within or outside the geometrically accessible range of the wind
deflector 4. If the favorable wind deflector position can be reached, the wind
deflector 4 is moved into and locked in the desired position in a following step
S$19. Thereafter, in step S20, the deflector position may be verified/re-
checked at a regular time interval (for instance every 30 min) to avoid an
excessive data load from a continuous measurement and thus provide for a
better stability in the system. The check involves a time-based loop of
checking that the actual geometric position of the wind deflector 4
corresponds to the measured favorable position. The system may save the
favorable position and refer to it for a certain time interval. A second check is
performed in a following step S21 at another (longer time interval), and
includes a complete measurement series to re-evaluate the favorable
deflector position. For instance, changes in the vehicle’'s gross weight may
result in that the experience factor will be re-calculated. Alternatively, the
favorable position is determined at one time only, and then kept until a new
measurement is actively initiated by the vehicle operator. In a final step S22,

the measuring system is deactivated, either automatically or manually.
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However, if the favorable position cannot be reached as determined in
step S18, the wind deflector may be reset to an initial position in a step S19'.
The initial position may be a deactivated (i.e. a horizontal position) or a
default position, which may be considered as a position that on the average
provides for a minimized drag force on the vehicle. The default position may
be a predetermined position, based on conceptual data for the vehicle 1. If
the favorable position may not be reached, the system may be allowed to
deactivate and the re-check time parameter is turned off in a step S20.

The skilled person will realize that the present invention by no means is
limited to the described exemplary embodiments. For example, another
possibility is that the different measurement functions may be manually
activated and/or deactivated by the driver. For example if the truck and trailer
combination remains unchanged and the load is essentially unchanged, the
driver might want to deactivate the functionality. It can also be that the
operator wants to activate the system at a specific point in time, in order to
reassure that the wind deflectors are in a favorable position.

Other possible modifications include that the measuring arrangement
may have different mounting locations on the vehicle. For instance, one or
several measuring units may be mounted on the lower chassis of the vehicle
if there is need to determine the aerodynamic conditions under the vehicle or
around the vehicle’s chassis.

The scope of the present invention also includes possibilities to
arrange a dedicated measuring unit for any type of wind deflector mounted in
any location on the vehicle. Hence, a vehicle may be provided with a plurality
of measuring units and wind deflectors. Additionally, the arrangements related
to the drive motor, actuator and locking may be designed in various ways and
should therefore not be limited to the examples particularly discussed in this
disclosure.

The mere fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of these measures
cannot be used to advantage. Any reference signs in the claims should not be

construed as limiting the scope.
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CLAIMS

1. A system for improving the aerodynamic conditions around a
ground traveling vehicle (1), said system comprising:

a measuring unit (10, 10°, 10”) configured to measure aerodynamic
conditions,

a control unit (11) configured to receive input data from said measuring

unit (10, 10’, 10”), and

at least one adjustable wind deflector (4, 5, 7),

wherein the control unit (11) is further configured to generate output
data comprising an indication of at least one favorable position of said wind
deflector (4, 5, 7), and

wherein the measuring unit (10, 10’, 10”) measures the aerodynamic

conditions by measuring the movement of airborne particles.

2. A system according to claim 1, wherein the measuring unit (10’)

comprises a Radar arrangement or a Doppler-Radar arrangement.

3. A system according to claim 1, wherein the measuring unit (10°)

comprises a Lidar or a Doppler-Lidar arrangement.

4. A system according to claim 1, wherein the measuring unit (10”)
comprises an ionized air measuring unit for measuring the movement of

ionized particles in the air.

5. A system according to any one of the preceeding claims, further
comprising:

an adjustment device (8) operable by the control unit (11),

actuating means (9) connected to the at least one adjustable wind

deflector (4, 5, 7), and displaceable by the adjustment device (8),

wherein the actuating means (9) is adapted to displace the adjustable

wind deflector (4, 5, 7) to a favorable position, as indicated by the control unit
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(11).

6. A ground traveling vehicle (1), comprising the system according to

any one of the preceding claims.

7. A ground traveling vehicle (1) according to claim 6, wherein the
ground traveling vehicle is a truck vehicle (2) adapted to haul a trailer (3), or a
trailer (3) adapted to be hauled by a truck (2), and wherein the measuring unit
(10) is provided on either the truck (2) or the trailer (3).

8. A ground traveling vehicle (1) according to claim 7, wherein an
emitted signal (14) from the Radar or Lidar arrangement is directed towards a
point (15) on the surface of the trailer (3), which surface is directed towards
the truck (2).

9. A ground traveling vehicle (1) according to claim 7, wherein the
ionized air measuring unit (10”) is arranged in a space between the truck (2)
and the trailer (3).

10. A method for improving the aerodynamic conditions around a
ground traveling vehicle (1) with at least one adjustable wind deflector (4, 5,
7), comprising the steps of:

measuring the movement of airborne particles in air surrounding the
vehicle (1),

determining aerodynamic conditions based on the measurement of
said movement of airborne particles,

determining a favorable position of said at least one adjustable wind
deflector (4, 5, 7).

11.A method according to claim 10, wherein the step of determining a
favorable position of the at least one adjustable wind deflector (4, 5, 7) is
followed by a step of positioning said at least one adjustable wind

deflector (4, 5, 7) in said favorable position.
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12. A method according to any one of claims 10-11, wherein the steps
of measuring the movement of particles in air surrounding the vehicle,
determining aerodynamic conditions based on the measurement of said
movement of particles, and determining a favorable position of said at least
one adjustable wind deflector (4, 5, 7) are repeated continuously as the
vehicle (1) is operated.

13. A method according to any one of claims 10-12, wherein the step
of positioning said at least one adjustable wind deflector (4, 5, 7), into said
favorable position is executed if the same favorable position has been

determined at least two consecutive times.

14. A method according to any one of claims 10 — 13, wherein the
movement of particles is measured by means of a Radar or Lidar measuring

arrangement (10’).

15. A method according to any one of claims 11 — 13, wherein the
step of measuring the movement of particles comprises:

ionizing particles in air surrounding the vehicle (1), and

measuring the movement of at least some of the ionized particles by

means of an ionized air measuring unit (10").
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