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Arrangement and method for optimizing the position of at least one air
| deflector .

Description:

[0001] The present invention relates to an arrangement and method for

_ optimizing a position of at ieast one air deflector guiding an airflow around a
vehicle, particularly of a truck or truck-trailer combination, during driving,
wherein the position of the at least one air deflector is determined by an
actuator which is controlled in response to a control signal indicating an air

resistance of the vehicle.

[0002] Air resistance of a vehicle, particularly of a truck or a truck-trailer

combination, is one of the important factors.influencing fuel consumption of

the vehicle, when driving at highway speed. Especially, trucks or truck-trailer
~ combinations, where height-and/of width of the driver’s cab and the storage

compartment or trailer differ, show a large air resistance during driving.

[0003] A common measure to redu.ce the air resistance of a truck or truck-
~ trailer combination is to use air deflectors, which hide the frontal face area of -
the trailer from an oncoming air flew to get a more streamlined complete’
vehicle. U‘sually, there is at least one roof air deﬂecter mounted to the roof of
“ the driver’s cab, which levels out the height difference between tractor and
trailer and guides air over the vehicle. Additionally, the truck may comprise
side air deflectors which are mounted to the sides of the driver's cab and

guide air sideways along the vehicle.

[0004] The settings, i.e. the angular position, of the air deflectors have a

significant effect on the total vehicle air resistance even for small angular
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variations. Therefore careful optimization of the settings is required for

reducing the fuel consumption.

[0005] Currently, most trucks are equipped with tabular data for setting the
air deflectors with respect to truck height, trailer height and distance between
tractor and trailer. The tabular data are provided e.g. by the truck -
manufacturer as a manual table or can be stored in a memory. It is then up to
the driver to manually adjust the deflectors according to the complete vehicle
setup. Disadvantageously, the driver often neglects to adjuét the air deflectors
so that the air deflectors are not or wrongly adjusted, which in turn increases

the driving cost, significantly.

[0006] It has therefore been suggested in the state of the art, e.g. in the
Patent Application us 2005/0173945, to store the air deflector setti'ngs ina
memory and to interrogate the geometrical data of truck and trailer from the
‘driver by a human machine interface. Thereby, the method ensures that a
driver does not neglect the adjustment of the air deflectors. As soon as the
geometrical data are identified, the method reads out the corresponding
setting for the air deflectors from the tabular stored in the memory and adjusts
the air deflectors in accordance. The settings are predetermined for a plurality

of different truck-trailer combination possibilities.

[0007] Even if this system reducés the possibility that a driver neglects or

forgets to adjust the positions of the air deflectors, considerations concerning

driving conditions such as wind directions or relative speed between truck and

air cannot be taken into account. Therefore, an optimal setting of the air

deflectors is still not obtainéd._AdditionaIIy, if the driver interrogation procedure
- takes place during driving, the driver is distracted from his primary driving

tasks, which interferes with safety aspects.

[0008] It has been also suggested in the state of the art, e.g. the US Patent
US 4,102,548, to adjust the air deflector during driving. In this document it has
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been disclosed to optimize the position of the deflector in relation to a so-
called vehicle performance signal, which is related to a speed signal divided
by a fuel consumption signal. The adjustment of the air deflector can be

performed manually or automatically.

[0009] Disadvantageously, the method uses fuel consumption and speed as
basis information for the determination of the air deflector settings. Both |
signals are not accurate enough for allowing an optimization of the air
deflector settings. The fuel consumption signal, for example, varies strongly
with the road geometries. E.g. if the road is inclined'longitudinally and/or
Iaterailliy, or if there are bumps on the road, the fuel consumption signal is
affected. For providing a suitable signal, the driver needs to do a careful
estimation on the road geometries, which is almost impossible and additionally

might also defer the driver’s attention from his driving tasks.

[0010] The same applies for the speed signal. A driver. trying to keep, the
speed of the vehicle as constant as poésible, needs to refer to the
speedometer for detecting any changes in the speed Qf the vehicle. But,
usually the speedometer shows only a graduation of 10 to 20 km/h which is
not precise enough to judge, whether the speed is constant or not. ,
Additionally, the response time of the speedometer is too slow and the
adjustment possibilities of t.he accelerator pedal are not precise enough to

allow an accurate speed control by the driver. .

[0011] Therefore, the settings of the air deflectors obtained with the known
methods are only estimations and approximations of optimal air deflector
settings. This in turn results in still too high fuel consumption and.therefore in

high driving costs.

[0012] A further main disadvantage of the known methods is that the:

interrogation procedure or the manual adjustment of the air deflectors and the
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constant checking of speed and road geometries can cause a severe driver

distraction, which ultimately might compromise safety.

[0013] It is therefore an object of the present invention to provide an
arrangement and method for optimizing the position of an' air deflector with

minimal driver distraction.

'[0014] This object is solved by an arrangément according to claim 1 and a

method according to claim 13.

[0015] According to one aspect of the inve‘nt'ion, it is suggested by the
inventor to use a vehicle driving control system for controlling the speed of the
“vehicle during the optimization procedure. The constant speed can be |
preferably kept by providing a constant throttle position, which may be
secured by a special air deflector optimization mode of the vehicle driving
control system. This has the advantage that the driver does not need to
ccontrol the speed during the optimizafion procedure any more, which |

increases safety and the accuracy of the optimization procr-_:-dure'.

- [0016] Add'itionally, the position of the air deflectors can be adjusted in
response to a signal comprising information on variations of drivingv
characteristics such as fuel con:sumption, vehicle speed, engine speed,
engine torque, enginé power and engihe throttle position. Preferably, the
respdnse signal is also sensed by the vehicle driving control system, e.g. a
cruise control system, an adaptive cruise control system or an advanced
driver assistance system. Thereby, even small'variations can be detected, so

that the position of the air deflectors can be optimized.

[0017] Preferably, the vehicle control system comprisés an “air deflector
adjustment” mode, duvring which short-term variations of the response signal
are ignored. Usually, ambient factors, such as road irregularities (e.g. bumps
in the road) or wind gusts, cause short disturbances in the response signal,
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which shortly after returns to its previous range. Contrarily, a reduced air

resistance results in a long-term variation in the response signal. Therefore,
ignoring short-term variations e.nsures that variations in the response s'ignal
which originate from ambient factors are not confused with “real” variations

originating from a reduced air resistance.

[0018] Advantageously, the system may further comprise at least one
detecting unit, particularly a sensor, fpr eliminating variations in the response
signal which originate from other influences than variations in air resistance.
Preferably, the sensors provide information on ambient biasing conditions,
such as road irregularities (bumps in the road) or wind gusts. Such a sensor is
for example an accelerometer or a sensor on a shock absorber, which are
enabled to detect bumps in the road, or an air flow meter, 'preferabI’y mounted

to the side or the roof of the truck, for detecting wind gusts.

[0019] Preferably, these additionél detecting units provide a possibility to
“clean” the response signal from variations originating from other conditions
than air resistance. Thus, the position of the air deflector cén be optimized in
reéponse to a signal which preferably only varies in relation to the variation of

air resistance.

. [0020] Acéording to a further preferred embodiment, the arrangement further-
comprises a devicel for detecting road conditions, particularly an elevation
and/or a durvature of a road, wherein the information of this détecting devi_ce‘
is uséd as pre\}iew information which indicates conditions suitable for ah
optimization procedure. These preview information are preferably obtained
simultaneousiy during driving by the use of e.g. a GPS system or derived from

earlier tours on the same road. -

[0021] Preferably, the arrangement and method is adapted to automatically
initiate an optimization procedure, if the preview information indicates suitable

road conditions. Advahtageously, the automatic adjustment of the air
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deflectors enables the driver to remain concentrated on the traffic situation.
Therefore, séfety is not compromised by a driver éoncentrating on the optimal
adjustment of the air deflectors or inputting data during an interrogation
procedure. '

[0022] According to a further preferred embodiment the detecting unit is a
GPS system or a navigation system which may also be integrated in the

advanced driver assistance system.

[0023] Preferably, an optimization procedure is initiated if the detecting
system, fed by preview information based on a combinétion of GPS data
and/or previously recorded information on the same road section, indicates a
straight and flat road for a long enough distance to complete the optimization
procedure. Thereby, interruptions or unwanted terminations of the optimization

" procedure can be avoided.

[0024] According to a further preferred embodiment, the arrangement is
adapted to repeat the optimization procedure upon elapse of a predetermined
time period and/or upon detection of a signiﬁcant change in driving direction,
wherein preferably the position of the at least one air deflector is varied locally.
With other words, the optimization procedure is only initialized, .if a given
predetermined time has elapsed since the last optimization, Q_r\a‘significant_
.compass change of driving direction, preferably averaged over a giveri time
_period, has been detected, by e.g. a navigation system, which in turn may
indicate a new side wind condition. This will ensure that the optimization
procedure is not run whenever suitable road conditions prevail, but only at
certain intervals, e.g. from 15 to 30 minutes up to one hour or several hours,

or if a new driving situation requires an optimization.

[0025] Advantageously, during the repeated optimization procedure it is not
necessary to sweep the air deflectors through the full range of setting angles,

but to increment a current position slightly until a minimum is located. This “so-
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called” local optimization is preferably used if a near-optimum position is
already found. For example, after having changed a trailer, the air deflectors .
are swept through the full range of setting angles for adapting the air |
deflectors to the new geometric conditions (global optimization). Thereby, the
near-optimal position of the air deflectors is provided. For the subsequently
performed optimizations procedures (after elapse of a certain time period
and/or a significant change in driving direction), the current position is only

slightly varied by using the local step-by-step optimization procedure.

[0026] According to a further preferred embodiment, the arrangement is
further adapted tb move the at least one air deflector to a position of high air
resistance upon detecting road conditions requiring a long-term engagement
of brakes, particularly a downhill drive. Thereby, the air deflectors act as
auxiliary brakes, which can reduce the wear of foundation brakes due to

overuse.

- [0027] According to a further preferred embodiment, the arrangement further '
comprises at least one air deflector position sensor for sensing the position of
the at least one air deflector, whereih the position of the air deflector is’
infinitely adjustable. This ensures that even very.small angular variations of
the air deflector position can be provided which in turn can vfurt'her reduce the

fuel consumption.

-[0028] The air deflector may be a roof deflector alone, but usually a roof
deflector mounted on top of a driver's cab and two side deflectors mounted to

the rear sides of the driver’ cab are used.

[0029] Additionally, an embodiment is preferred which further comp'rises a
human machine interface for informing the driver of suitable conditions for
initializing an optimization of the at least one air deflector and/or-for inviting the
driver to launch the vehicle driving control system for enabling an automatic

optimization of the at least one air deflector.
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[0030] The advantage of the human machine interface is that sometimes
drivers are not aware of suitable road conditions or simply forget to start an
optimization procedure so that the roof deflectors might remain in a
disadvantageous position. Preferably, the optimization procedure is -
automatically initialized if the vehicle driving control system is activated and ‘
preferably suitable road conditions are detected. But in case the vehicle
driving control system is not activated, the optimization procedure cannot
automatically be performed as the speed of the vehicle is not held constant. In
case the human machine interface reminds the driver to launch the vehicle
driving control system, the problem of the driver neglecting to adjust the

deflectors is avoided.

[0031] Advantageously, the automatic adjustment of the air deflectors also
enables a readjustment of the air deflectors from time to time. Thereby,
changes in wind direction and changes in the wind velocity relative to the
speed of the vehicle can also be taken into account. Preferably, the time scale
'between optimization runs can be predetermined by the driver and/or the

manufacturer.

[0032] Since, preferably, the inventive arrangement and method is adapted
to keep the vehicle at constant speed and to initiate the optimization
‘procedure, only if the conditions are suitable, the invention enables optimized
settings of the air deflectors. Further, as the optimization proceduré is
performed during driving also wind direction relative to the vehicle and a
relative speed.between wind and vehicle can be taken into account. Thereby,
it is ensured that the optimization proceduré is not interrupted or leads to

wrongly adjusted deflectors due to an inaccurate signél.

[0033] Further advantages and preferred embodiments are disclosed in the

description, the claims and the Figures.
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[0034] In the following, a preferred embodiment of the inventive method will
be discussed with help of the attached Figures. The description thereof is
considered as exemplification of the principles of the invention and is not

intended to limit the scope of the claims.

[0035] The Figures show:
Figure 1: aschematic flow diagram illustrating the steps of a
) preferred embodiment of the inventive method; and
Figu're 2: adiagram illustrating graphically the method described in
Fig. 1.

[0036] Usually, a truck comprises a driver's cab and a storage compartment,
particularly a trailer, wherein between the driver's cab and the trailer a space
remains. The height and/or width of trailer and driver's cab may differ so that
the air dynanﬁic properties of a truck or a truck-trailer combination are not
optimal. For reducing the air resistance of the vehicle and to save fuel there
are roof and side deflectors mounted on the driver's cab for hiding the frontal
face area of the trailer from an oncoming airflow and to get a more
streamlined complete vehicle. The factors that may affect the air‘ resistance
are mainly wind direction and wind speed in relation to the vehicle and the
geometrical factors, namely height and width of the driver’s cab relative to the
height and width of the trailer as well as the distance between tractor and
trailer. Thereby, even small angular variations in the settings of the deflectors

may have significant effect on the total vehicle air resistance.

[0037] According to a preferred embodiment of the invention each deflector is
equipped with an actuator that can automatically adjust the settings of the air -
deflector and a sensor to determine the absolute angular orientation of the air
deflector. The actuator may be an electrical, pneumatic or hydraulic actuator

and is preferab'ly adapted to be controlled individually for each air deflector.
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[0038] The optimization of the individual deflectors is preferably performed
during driving and under controlled and known conditions so that the minimum
air resistance can be determined. According to the invention these known and
controlled conditions can be provided by using a vehicle driving control system
' which is adapted to control at least the speed of the vehicle and to sense
driving characteristics being related to information on the air resistance. Such’
driving characteristics are for eXample fuei consumption or fiiel rate, vehicle

speed, engine speed, engine torque, engine power or engine throttle position.

[0039] In addition to the kriown and controlled conditions, it is prefered to
ensure that the optimization procedure is not interrupted and not distorted by
road conditions which are not suitable for an optimization procedure. Such |
road conditions can be e.g. an inclined or curved road which directly affects

‘the fuel consumption of the vehicle or requires speed variations.

- [0040] Therefore, the inventive arrangement comprises a detecting device -
such as a GPS system or a navigation systém which detects road or road
sections suitable for the optimization procedure, i.e. straight and flat road

sections.

[0041] During the optimization procedure each deflector is swept through an
interval of setting angles and the corresponding variation in the response
signal indicating the air resistance is recorded. Such signals can be e.g. the
fuel consumption signal or in general the response dynamic of the cruise
control system. That means since the cruise control controls the engine so
that the vehicle is kept at constant speed, the air resistance variation due to
the different settings can be deduced from the variation in the control of the

cruise control system.

[0042] Nevertheless, the variations in the response signal do not necessarily -
originate from variations in the air resistance alone. Also other factors, e.g.

- ambient conditions, can generate variations in the response signal. For

10
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example, bumps in the road can impose rapidly varying disturbances on the.
fuel consumption signal. Therefore, the inventive system may further comprise"
one of or a combination of the following help systems: .

1. sensors whiéh detect variations originating from other ambient conditions
than air resistance. Dependent on these additional information, the response
signal is “cleaned” from these variations and the air deflector settings are
optimized in response to the variation in the “cleaned” signal.

2. The vehicle control systém, e.g. an engine control system of the cruise
control, is engaged in a dedicated air-deflector-adjustment mode, in which
rapidly varying response signals e.g. the fuel rate, are suppressed and will
hence not react on disturbance factors like short wind gusts or bumps in the
road. Preferably, this can be accomplished by modulating the time constants
of the fuel rate control regulator mechanism, so that it reacts to “slower”

changes only..

- [0043] In the following, the steps of a preferred embodiment of the inventive
method are described in relation to the flow diagram shown in Fig. 1.

[0044] In a first step of the inventive method the detecting device indicates
road conditions which are suitable for an optimization procedure. As soon as
the detecting device indicates suitable road conditions, the inventive
arrangement checks whether a vehicle driving control system, particularly a
cruise control system is activated. In case the vehicle driving control system is

. activated, the optimization procedure is automatically initialized. - -

. [0045] Preferably, the optimization procedure is also only initialized,l if a given
predetermined time has elapsed since the last optimization, or a significant
compass change of driving direction has been detected, by e.g. a navigation
system, which in turn may indicate a new side wind condition. This will ensure
that the optimization procedure is not run whenever suitable road conditions
prevail, but only at cértain intervals, e.g. every 15 to 60 minutes, or if a new

driving situation requires an optimization.

11
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[0046] Preferably, the vehicle driving control system controls the speed of the
vehicle to be constant. However, it should be noted that constant in this
context means within a range of some km/h, e.g. + 2 km/h. This range is
necessary in order to eliminate too large fluctuation in the fuel signal, as
explained above. For this reason, the exact vehicle speed must be recorded
and the fuel rate signal to be optimized is not the pure fuel consumption (in
e.g. g/s) bUt' rather a signal normalized with the vélocity squared.

[0047] In case the cruise control system is not activated, a driver of the truck
is informed by means of a human machine interface that conditions suitable

for optimizing the air deflector are detected. Then, the driver can either initiate

' the optimization procedure manually, whereby the speed of the vehicle is-

- controlled or monitored by the vehicle driving control system or he can
“activate the cruise control system so that the optimization procedure can be -

started automatically.

[0048] As soon as the optimization procedure is initialized the air deflectors
are swept through an interval of setting angles until the optimal pbsitidn of the
air deflectors and thereby the minimal air resistance of the vehicle are
reached. Thereby, the deflectors can be controlled individually in parallel or in

series.

- [0049] - In the following, an exemplary embodiment for a global optimization
procedure and an exemplary embodiment for a local opﬁmization procedure

- will be described. Even if, some' of the possibilities to sweep the air deflectors
through the interval of setting angles are described below, It goes without
saying that any other variation procedure can be used and is encompassed by

the scope of the invention.

[0050] In a first step of the illustrated preferred embodiment of the “global”
optimization procedure, the angular positions of the deflectors are varied from

12
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a minimal angular position to a maximal angular position. Simultaneously, the
response dynamic e.g. the fuel consumption variation and/or speed variation,
is sensed. This sensed signal is conﬁnuously “cleaned” from variafibns not
originating from the air resistance, by using additional information obtained
from sensors éensing ambient conditions or by directly suppressing rapid
fluctuations in the fuel rate control loop. Using this procedure, the deflectors

| are continuously swept through the possible angular positions at a fairly slow
pace, e.g. from minimum to maximum deﬂeéti_oh position in 30 seconds, and
the fuel rate information normalized by the velocity squared, is sampled at e.g.

every 0.1 s together with information about deflector position.

[0051] In a subsequent step the system determines at which air deflector
position angle the lowest normalized fuel rate (fuel rate divided by vehicle
speed squared) was obtained. This is the sought optimum position for the air
deflectors to which they are moved by corresponding control of the actuators

[0052] * With other words, the position of the air deflectors is optimized by
sweeping the air deflector through an interval of angular settings and
recording the variations in the response signal. After having swept the air
~deflectors through the interval, the variations are evaluated and the optimal
position is detected. Thereby, the optimal position is detected when the
response signal indicates a minimum air resistance. Then the air deflector is
moved to this determined position and the optimizations procedure is

t_garminated.

[0053] Fig. 2 shows gréphically the abee described optimization procedure.
On the x-axis of the diagram the time tis indicated, wherein on the y-axis the
angular position a of the air deflector is recorded. The movement of the air |
deflector is illustrated by graph 2, which indicates that the air deflector is
raised from its current position to a maximal angular position and

subséquently lowered to a minimal position.

13
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[0054] Addiﬁonally, the diagram shows the simultaneously recorded fuel rate
~ signal (graph 4) and the vehicle speed (graph 6). The fuel rate is normalized
by dividing the recorded fuel rate by the squared vehicle velocity for providing

an informative fuel rate signal (graph 8).

[0055] As can be seen from the gréph 8, the normalized fuel rate shows a -
significant minimum (FRmin) for a certain position of the air deflector. This
minimum indicates the optimal position (a.t) for the air deflector, to which the

air deflector is finally moved.

[0056] Instead of a continuous sweep though the angular position it is also
possible to use a step-by-step optimization procedure, where the air deflectors
positions are stepwise varied until no further reduction in the fuel rate signal is

detected.

[0057] The step-by-step approach has the advantage that it is not necessary
to sweep the air deflectors through the full range of setting angles, but to
increment a current position slightly until a minimum is located. This “so-
called” local optimization is preferably used if a near-optimum position is
already found. For example, after having Changed a trailer, the air deflectors
are swept through the full range of .setting angles for adapting the air
deflectors to the new geometric éonditions (global optimization). Thereby, the
' near-opti’mal position of the air deflect_ors is provided. For the subsequently
performed optimizations procedures (after elapse of a certain time period
and/or a significant change in driving direction), the current position is only

slightly varied by using the local step-by-step optimization procedure.

[0058] It should be further noted that the step-by-step approach must not
necessarily be performed as dis;:rete steps with interruptions in between, but

can also be performed as continuous sweep, since the response signal

14
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usually is fast enough for an immediate reéponse to a change. Therefore, a

reduction in air resistance can be detected more or less in real time.

[0059] In the first step of such a local optimization procedure, the current
angular positions of the deflectors may be increased. In a next step, or more
or less simultaneously, the response dynamic e.g. the fuel consumption
variation or speed variation, is sensed. This sensed signal is then “cleaned”
from variations not originating from the air resistance, by using additional
information obtained from sensors sensing ambient conditions. In a next step, -
the position of the air deflector(s) is maintained or the air deflector returns to
 its previous position depending on whether the “cleaned” response signal

indicates a reduced air resistance.

[0060] In case a reduced air resistance is detected, the position of the air
deflector is maintained and a flag indicating an amendment of the positions is °
set. Then the system is controlled to repeat the increasing steps in order to

detect the optimal settings.

[0061] This repetition is pen‘brmed until no further air resistance reduction is
detected. In case no further air resistance reduction is detected, the last
position showing a decrease of the air resistance is maintained and the

optimization procedure is terminated.

[0062] In case, after inCréasing the position the first time, the response signal
indicates that the air resistance has increased, the air deflector is directly |
returned to its previous position. In this case no flag is set which would
indicate that an amendment of the position has taken place. This ensures that
the optimization procedure is not terminated, but the system is controlled to -
decrease the angular position of the air deflector in order to detect whether a

decrease might result in a reduced air resistance.

15
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[0063] The decreasing steps are performed analogously to the increasing
steps as described above. In case the decrease of the angular position of the
air deflector indicates a reduced air resistance, the decrease procedure is
iterated until no further reduction of the air resistance is detected. Then, the air
deflector returns to its last stored positioh and the optimizatibn procedure is
terminated. It goes without saying that it is also possible to start with the

decreasing steps followed by the increasin-g steps.

[0064] It goes without saying that the above described “local* optimization
procedure cankalso be used for a full range sweep and the above described
“global” optimization procedure can be adapted so that the current position of
the air deflector is only slightly varied. |

[0065] As mentioned above, the air deflectors can be adjusted in parallel or
in series. If the air deflectors are optimized in parallel, it is also possible to
predefine, e.g. by a design experiments methodology, which could be
performed by the manufacturer, discrete combinations of roof and side air . °
deflector angles. During the optimization procedure, the roof and side air
deflectors are then set to discrete, predefined combinations of setting angles,
and the optimum combination is retrieved from an on-board analysis of the

response functions.

[0066] Beside the possibility to decrease the air resistance of the vehicle,

'~ there are also applications possible, where an increased air resistance is
desirable. Suc_:h a deliberate increase is for example advantageous, if the air
deflectors should be used as “air brakes” for assisting the vehicles brakes
during e.g. a long-term downhill drive. Thereby, the wear of the foundation
brakes can be reduced.

[0067] For this application, the detection unit, e.g. the navigation system is

adapted to detect an oncoming downhill drive. Upon detection of a downhill
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drive, the vehicle driving control system monitors the velocify and the braking
behavior of the vehicle. Usually, a driver runs downhill by choosing a low gear
and rolls downhill with a fully applied engine break. Only if the engine break is
not sufﬁciént, the foundation brakes are applied. This breaking behavior

prevents the foundation brakes from excessive use and wear.

[0068] Preferably, the wear of the foundation brakes can be further reduced, |
if the air deflectors are moved toa position having a h"igh air resistance upon
detection of an increasing velocity even by a fully applied engine brake. The
increased air resistance might often be sufficient to slow the vehicle enough

SO that thé foundation brakes need not be used. Advantageously, during the
optimization procedure, particularly during the global optimization procédure,
the position of highest air resistance has already been detected. Therefore,

the air deflectors can be moved to the optimal “air-brake”-position without

delay.

- [0069] As soon as the vehicle driving control system and/or the _navigafion
system detects that the vehicle is no longer running downhill or the inclination .
of the downhill drive has decreased so far that a sole application of the engine .
brake is sufficient, the air deflectors are moved to their previous position of

reduced air resistance.

. [0070] Since the invention takes into account all relevant factors, particularly -
. -factors such as wind direction and relative speed between- .:tru;c:k and air, ahd
not only the difference between the height of the drivér’s cab and the height of
the trailer, the settings can be further optimized. Additionally, since the
optimization procedure is initiated automatically or the driver is informed of
road conditions suitable for an optimization procedure, the potential problem
of the driver neglecting to adjust the deflectors and thus driving with a

disadvantageous setting is avoided.
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[0071] An additional advantage of the inventive method and arrangement is
that optimum air deflector settings are enéured even for transport vehicles,
which do not have predefined geometrical properties, e.g. timber transports,
car transports or container cargo transports. These transport vehicles used to

drive without adjusted air deflectors as predefined settings were not available.

[0072] By using the inventive method and system, the fuel cohsumpt_ions can
be lowered significantly even compared to the known methods. When
compared with the case when the driver neglects adjusting the deflectors all
together, e.g. when changing to a trailer of different height, the fuel saving
potential is significantly higher. Advantageously, the use of preview
information regarding suitable road conditions decrease the number of -

interrupted optimizations and increases the benefits of the system.
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Claims:

1. Arrangement for optimizing a position of at least one air deflector
guiding an aii'flow around a vehicle, particularly a truck or truck-trailer
combination, during driving, comprising:

- at least one air deflector for guiding an airflow around the vehicle
- at least one actuator for moving the at least one air deflector
between at least two positions; ahd
- at least one controller for controlling each actuator and thereby
. the position of the air deflector in dependence on a control signal -
indicating an air resisténce of the vehicle;
characterized in that |
the arrangement further comprises a vehicle driving control system for
controlling at least a driving speed of the vehicle, wherein the
arrangement is adapted to enable an optimization of the at least one air
deflector, if the vehicle driving control system controls the speed of the

vehicle.

2. Arrangement according to claim 1, wherein the control signal is a
- response signal of the vehicle driving control System sensing the driving
- characteristics of the vehicle, wherein preferably said response signal
comprises information on variations in at least one of the group of: fuel
rate, vehicle speed, engine speed, engine power, engine throttle

_position, engine torque. .

3. Arrangement according to claim 1 or 2, wherein the vehicle driving
control system is a driver assistance system, particularly a cruise
control system, an adaptive cruise control system or an advanced -

driver assistance system.

4. Arrangement according to claim 2 and 3, wherein the vehicle driving
control system further comprises an air deflector adjustment mode,
during which short-term variations in the response signal are ignored.
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10.

Arrangement according to any one of the preceding claims, wherein the
arrangement further comprises at least one detecting unit, preferably a
sensor, for detecting ambient conditions beside the air resistance,
which influence the response signal, wherein the arrangement is
preferably adapted to “clean” the response signél from variations
originating from the ambient conditions detected by the at least one

| _detecting unit.

Arrangement according to any one of the preceding claims, wherein the
arrangement further comprises a device for detecting road conditions,

particularly an inclination and/or a curvature of a road,. and wherein said -
control signal further comprises informa_tion on said road conditions

obtained from said detecting device.

- Arrangement according to claim 6, wherein said detecting device is a

 GPS system and/or.a navigation system, which is preferably integrated

into the vehicle driving control system.

Arrangement according to claim 6 or 7, wherein said arrangement is

- adapted to enable an optimization of the position of the at least one air

deflector upon detection of a straight and flat road or road section.

Arrangement according to any one of the preceding claims, whefein the
arrangement is further adapted to repeat the optimization procedure
ubon elapse of a pfedete_rmined time period and/or detection of a
signiﬁéant change.in driving direction, wherein preferably the position of

the at least one air deflector is varied around a current position.

Arrangement éccdrdihg to any one claims 6 to 9, wherein the
arrangement is further adapted to move the at least one air deflector to
a position of high air resistance upon detecting road conditions
requiring a long-term engagement of brakes, particularly a downhill

drive.
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11,

- 12,

13.

14.

15.

Arrangement according to any one of the preceding claims, wherein the-
at least one air deflector comprises a roof top deflector, and two side
deflectors, wherein each deflector comprises an actuator and/or

controller so that each deflector is controlled individuaII‘y.

Arrangement according to any one of the preceding claims, further

comprising a human machine interface for informing the driver of

. suitable conditions for initializing an optimization of the at least one air

~ deflector and/or for inviting the driver to launch the vehicle driving

control system for enabling an automatic optimization of the at least

one air deflector. .

Method for optimizing a position of at least one air deflector guiding an

airflow around a vehicle, particularly a truck or truck-trailer combination, '

during driving, wherein the pbsition of the at least one air deflector is.

- determined by an actuator which is controlled in response to a control

.signal, said method comprising the steps of:

- Controlling the speed of the vehicle by means of a vehicle driving
control system for providing a constant speed of the vehicle
during the optimization; | -

- Sensing the control signal indiCating the air resistance of the

- vehicle, -
- Varying the position of the at least one air deflector until the

control signal indicates a minimized air resistance of the vehicle.

‘Method according to claim 13, further comprising the step of _deteciting

road conditions suitable for optimizing the position of the at least one

air deflector.

Method according to claim 14, further comprising the step of:

Initializing, preferably automatically, the optimization upon detection of

. suitable road conditions, particularly on the detection of a sufficiently

straight and/or flat road or road section.
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16.

17.

18.

19.

20..

21.

22.

Method according to any one of claims 13 to 15, further comprising the |
step of repeating the optimization procedure upon elapse.of a
predetermined time period and/or detectioh of a significant change in
driving direction, wherein preferably the position of the at least one air

deflector is varied around a current position.

Method according to any one claims 14 to 16, further comprising the
step of moving the at least one air deflector to a povs‘ition of high air
resistance upon detecting road conditiqns requiring a long-term

engagement of brakes, particularly a downhill drive.

Method accordihg to any one of claims 13 to 17, wherein the control

~ signal is a response signal of the vehicle driving control system

comprising information on variations in at least one of the group of: fuel
consumption, vehicle speed, engine speed, engine power, engine

throttle position.

Method according to claim 18, wherein the response signal is “cleaned”
from variations originating from other ambient conditions than air
resistance, preferably by ignoring short-term variations in the reéponse '
signal and/or providing additional information on ambient conditidhs by

means of sensor units.

Method according to any one of claims 13 to 19, further comprising the

step of informing the driver of suitable road conditions for optimizing the

- . position of the at least one air deflector upon the detection of suitable

road conditions.

Method according to claim 20, further comprising the step of inviting the
driver to manually initialize the optimization and/or to launch a vehicle
driving control system so that an optimization can be automatically

initialized.

Method according to any one of claims 13 to 21, which is performed by

an arrangement according to any one of claims 1 to 12.
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