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“COMPUTER-ASSISTED PROCESS FOR MAKING A STYLISTIC PATTERN

ON AN EXTERNAL SURFACE OF A VEHICULAR PRODUCT OR A MODEL

CORRELATED TO SAID VEHICULAR PRODUCT”

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims priority from Italian
patent application no. 102018000008620 filed on 14/09/2018,
the entire disclosure of which is incorporated herein by
reference.

TECHNICAL SECTOR

The present invention relates to a computer-assisted
process for providing a stylistic pattern or livery on an
external surface of a wvehicular product or a model
correlated to said vehicular product.

The present invention moreover relates to a vehicular
product or to a model correlated to said vehicular product,
obtained via the aforesaid process.

It is pointed out that, in the present description and
in the c¢laims, the term “vehicular product” i1is used to
designate not only motorcars, motor vehicles, and vehicles
in general, but also components thereof or accessories used
when driving said vehicles, such as helmets, that due to
their nature are designed to move in fluid fields.

The phrase “model correlated to a vehicular product”

is, instead, wused to designate a full-scale model, an
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enlarged-scale model, or a reduced-scale model of the
aforesaid vehicular products or part of the latter.

The present description will refer to high-performance
cars and to models correlated to these cars, without this
implying any loss of generality.

PRIOR ART

As is known, the first stage when building a new high-
performance motor vehicle comprises definition of the
external shape on the basis of one or more new aerodynamic
concepts in order to achieve performance targets by
exploiting the forces developed by the interaction of the
shapes of the motor vehicle with the fluid in which the
latter is moving. Said aerodynamic concepts, expressed
through specifications on the shapes of the motor wvehicle,
are then reinterpreted by operators working on the style of
the motor wvehicle to create wvariants thereof, which are
tested to check that they are actually effective and meet
the aforesaid aerodynamic concepts.

To do this, both in the stage of definition of the
aerodynamic specifications and in the stage of testing of
the stylistic wvariants, virtual simulations are developed
through finite-volume fluid-dynamic calculation software of
a known type, where it is assumed that the motor vehicle is
travelling at a pre-set constant speed, generally higher

than 100 km/h, and is subjected to a flow of air having a
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pre-set direction, for example aligned with the
longitudinal axis of the motor vehicle itself.

The aerodynamic flows and operating quantities
associated to said flows are then analysed, and possibly
modifications are made to the external surfaces and to the
shapes of the motor vehicle. Then, the simulations are
again made to check that the desired performance has been
achieved.

In parallel to the wvirtual simulations described
above, also wind-tunnel tests are frequently carried out on
scale models, for example full-scale models or reduced-
scale models, usually at scales from 40% to 60%, equipped
with strain-gauge 1load <cells 1in order to measure the
aerodynamic forces. In particular, during wind-tunnel
testing, in some significant areas of the scale model
sensors and/or probes and/or detection devices are arranged
adapted to measure particular physical quantities, for
example pressure, velocity, etc. The results obtained are
then compared with those coming from the virtual
simulations to enable ©precise verification that the
modellings used in the virtual simulations match the actual
phenomena.

The final shape of the motor vehicle 1s hence the
result of the interaction between stylistic concepts and

modelling of the shapes and details, guided by the
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achievement of aerodynamic performance.

Of particular importance 1s then the type of paint
that is applied on the motor vehicles thus designed. It is
in fact evident that the use of a certain colour and/or of
given aesthetic effects can bring out some peculiarities of
shape and/or some stylistic and/or aerodynamic elements
present on the motor vehicle.

It is, for example, known to use metallic paint,
pearlescent paint and/or paint with other aesthetic
effects. It is also known to use coloured stripes with
shades that are in contrast with the colour of the rest of
the bodywork, for example, that run longitudinally all
along the side of the motor vehicle in order to bring out a
particular feature of a sports-car nature.

Finally, it is known to use “maskings” applied on the
bodywork of motor the vehicles for advertising purposes,
embellishment, etc.

DESCRIPTION OF THE INVENTION

The aim of the present invention 1is to provide a
computer-assisted process for making, on an external
surface of a vehicular product or a model correlated to
said wvehicular product, a stylistic pattern capable of
bringing out given technical peculiarities of the vehicular
product itself and/or providing a passive performance

indicator of the latter.
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According to the present invention, a computer-
assisted process for making a stylistic pattern or a livery
on an external surface of a vehicular product or a model
correlated to said vehicular product is provided, as
specified in Claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described with
reference to the attached drawings, which illustrate some
non-limiting examples of embodiment thereof and in which:

- Figure 1 is a lateral-frontal perspective view of an
example of vehicular product, in particular a motor
vehicle, to which the process according to the present
invention is applied;

- Figure 2 is a lateral-rear perspective view of the
vehicular product of Figure 1;

- Figures 3 to 9 are representations in different
views of the pattern of a pre-set operating dquantity
measured on a three-dimensional mathematical model of the
vehicular product of Figures 1 and 2 during a first type of
simulation of aerodynamic flow in a wvirtual environment by
means of a computer;

- Figures 10 and 11 illustrate, at a reduced scale and
in lateral-frontal and lateral-rear ©perspective view,
respectively, the wvehicular product of Figures 1 and 2

following upon application of the process according to the
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present invention based upon the first type of simulation
of aerodynamic flow;

- Figure 12 1is a wvirtual graphic representation in
side view of the development of trajectories of fluid
particles on a three-dimensional mathematical model of the
vehicular product of Figures 1 and 2 during a second type
of simulation of aerodynamic flow in a virtual environment
by means of a computer;

- Figures 13 and 14 illustrate, at a reduced scale and
in lateral-frontal and lateral-rear ©perspective view,
respectively, the wvehicular product of Figures 1 and 2
following upon application of the process according to the
present invention based upon the second type of simulation
of aerodynamic flow;

- Figures 15 and 16 illustrate, at a reduced scale and
in lateral-frontal and lateral-rear ©perspective view,
respectively, the wvehicular product of Figures 1 and 2
following upon application of the process according to the
present invention based upon a third type of simulation of
aerodynamic flow in a virtual environment by means of a
computer;

- Figures 17 and 18 illustrate, at a reduced scale and
in lateral-frontal and lateral-rear ©perspective view,
respectively, the wvehicular product of Figures 1 and 2

following upon application of the process according to the
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present invention based upon a fourth type of simulation of
aerodynamic flow in a virtual environment by means of a
computer;

- Figures 19 and 20 illustrate, at a reduced scale and
in lateral-frontal and lateral-rear ©perspective view,
respectively, the wvehicular product of Figures 1 and 2
following upon application of the process according to the
present invention based upon a fifth type of simulation of
aerodynamic flow in a virtual environment by means of a
computer;

- Figures 21 and 22 illustrate, at a reduced scale and
in lateral-frontal and lateral-rear ©perspective view,
respectively, the wvehicular product of Figures 1 and 2
following upon application of the process according to the
present invention based upon a sixth type of simulation of
aerodynamic flow in a virtual environment by means of a
computer;

- Figures 23 and 24 illustrate, in lateral-frontal and
lateral-rear perspective view, respectively, an example of
a scale model of the wvehicular product of Figures 1 and 2,
in which the development of pre-set trajectories of fluid
particles, detected in a wvirtual environment during a
seventh type of simulation of aerodynamic flow, 1is applied
in three dimensions on the model itself;

- Figure 25 illustrates in lateral-frontal perspective
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view a scale model of the vehicular product of Figures 1
and 2, which is used for wind-tunnel testing and on which
the representation of Figures 3 to 9 is applied, according
to the process of the present invention; and

- Figure 26 1is a perspective view of a picture
incorporating a portion of a model of the vehicular product
of Figures 10 and 11 obtained by means of the process
according to the present invention.

PREFERRED EMBODIMENTS OF THE INVENTION

Figures 1 and 2 illustrate a first example of a
vehicular product forming the subject of the process
according to the present invention. In particular, said
vehicular product 1is represented by a motor vehicle 1, in
the case in point a high-performance motor vehicle.

As has already been mentioned at the start of the
present description and as will be explained in greater
detail in what follows, the process according to the
present invention may be applied not only to cars, but also
to other types of wvehicular product, such as motor
vehicles, vehicles in general, components of vehicles, and
accessories used when driving vehicles, such as helmets,
that for their nature are designed to move in fluid fields.

The process according to the present invention may
moreover be applied to full-scale, enlarged-scale, or

reduced-scale models of the vehicular products defined
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above or part of the latter.

The motor vehicle 1 has two front wheels 2 and two
rear wheels 3 and comprises a body 4 and a passenger
compartment 5, provided within the body 4 between the front
and rear wheels 2, 3 themselves.

The body 4 includes a bodywork 6 and two side doors 7,
provided with windows, for enabling access to the passenger
compartment 5.

In the light of the foregoing, the passenger
compartment 5 is hence delimited by the doors 7, by a
windscreen 8, a rear window 9, and a roof 10.

The bodywork 6, the doors 7, the windscreen 8, and the
rear window 9 define as a whole an external surface 11 of
the motor vehicle 1.

During the stage of design of the motor vehicle 1, a
three-dimensional mathematical model M1 thereof undergoes,
in a virtual environment by means of a computer, a series
of simulations of aerodynamic flows to check that no
critical aspects are ©present. These simulations are
conducted through finite-volume fluid-dynamic calculation
software of a known type (for example, known by the trade
names ANSA® and META of BETA™ CAE System, Fluent® of
Ansys) and may also include wind-tunnel tests.

During the aforesaid simulations, the values assumed

Vo — Vn by pre-set operating quantities on the external



10

15

20

25

WO 2020/053844 PCT/IB2019/057778
10

surface of the three-dimensional mathematical model M1 of
the motor wvehicle 1 or 1in the proximity thereof are
measured.

Alternatively, the trajectories of fluid particles in
the proximity of the external surface of the three-
dimensional mathematical model M1 of the motor vehicle 1 or
of particles adhering to the external surface itself are
detected.

An example of the results that can be obtained with a
first type of simulation, in a virtual environment by means
of a computer, on the three-dimensional mathematical model
M1 of the motor vehicle 1 is illustrated in Figures 3 to 9.
In this case, the operating gquantity measured 1is the
modulus of the velocity vector at any point of the external
surface of the three-dimensional mathematical model M1 of
the motor wvehicle 1. Alternatively, the modulus of the
velocity wvector could be measured only at selected points
of the external surface of the three-dimensional
mathematical model M1 of the motor vehicle 1.

In particular, sald simulation is carried out in a
virtual environment in pre-set operating conditions,
specifically by setting a constant speed of the three-
dimensional mathematical model M1 of the motor vehicle 1 of
120 km/h and a direction of the flow of air that impinges

upon the three-dimensional mathematical model M1 aligned



10

15

20

25

WO 2020/053844 PCT/IB2019/057778
11

with the longitudinal axis of the latter.

The velocity vector 1is defined on a point-by-point
basis in the proximity of the solid surfaces of the three-
dimensional mathematical model of the motor wvehicle 1,
i.e., 1in the proximity of the external surface thereof. As
is known, 1in the proximity of solid walls of the motor
vehicle 1, the condition of zero flow rate implies that the
fluid, i.e., the air, and the body have the same velocity.

There 1s hence generated, in a virtual environment by
means of a computer, a three-dimensional mathematical model
Gl (Figures 3 to 9) of the wvalues Vo - Vi, measured of the
modulus of the velocity vector with pre-set colours or
shades on the external surface of the three-dimensional
mathematical model M1 of the motor vehicle 1. Alongside
each of Figures 3 to 9 the colorimetric scale or shade used
is indicated, in which it may be noted how corresponding to
different bands of colour or shades are different wvalues Vo
— Vn of local velocity of the flow. The three-dimensional
mathematical model Gl of the distribution of the wvalues Vo
- Vn of the modulus of the velocity wvector on the external
surface of the three-dimensional mathematical model of the
motor vehicle 1 is thus obtained.

At this point, a further three-dimensional
mathematical model is generated in a virtual environment by

means of a computer, said further three-dimensional
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mathematical model representing a stylistic pattern S1 to
be made on the motor vehicle 1.

The three-dimensional mathematical model representing
the stylistic pattern S1 is advantageously based on the
three-dimensional mathematical model GI1.

The motor vehicle 1 is finally subjected to a step of
application, on the external surface 11, of the stylistic
pattern S1 thus obtained.

Preferably, the stylistic pattern S1 is applied on the
external surface 11 of the motor vehicle 1 by painting.

More preferably, the stylistic pattern S1 is applied
on the external surface 11 of the motor vehicle 1 by means
of a robot controlled by the computer.

In particular, in the specific <case, the three-
dimensional mathematical model representing the stylistic
pattern S1 reproduces closely the three-dimensional
mathematical model Gl except for the areas of the
windscreen 8, the rear window 9, the door windows 7, the
front wheels 2, the rear wheels 3, and the wvarious grills
present.

In general, the three-dimensional mathematical model
representing the stylistic pattern S1 can reproduce the
three-dimensional mathematical model Gl either totally or
only in part.

In parallel to the simulation in a virtual
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environment, wind-tunnel tests can also be carried out
using scale models of the motor vehicle 1 and employing
probes, sensors and detection devices (defining, as a
whole, a sensor system, which is known and, therefore, not
shown herein) arranged in particular points of the model
itself, 1in order to detect parameters correlated to the
modulus of the velocity vector. The measurements made are
then compared with the corresponding values extracted from
the wvirtual environment simulation to verify that the
modellings used 1in the simulation match the actual
phenomena.

In this case, the process according to the invention
can comprise the further step of calculating a further
three-dimensional mathematical model (not shown) based on
outputs of the sensor system defined above; the three-
dimensional mathematical model representing the stylistic
pattern S1 would then be also Dbased on the three-
dimensional mathematical model calculated taking into
account the outputs of the sensor system.

Figure 12 illustrates another example of the results
that can be obtained with a second type of simulation on
the three-dimensional mathematical model of the motor
vehicle 1. In this case, the trajectories of fluid
particles entering some of the air intakes of the motor

vehicle 1 and exiting therefrom are detected in a wvirtual
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environment by means of a computer.

Also in this case, the above simulation is carried out
in a virtual environment by means of a computer in the same
operating conditions provided previously, i.e., by setting
a constant speed of the three-dimensional mathematical
model M1 of the motor vehicle 1 of 120 km/h and a direction
of the flow of air that impinges upon the three-dimensional
mathematical model M1 itself aligned with the longitudinal
axis of the latter.

On the basis of the simulation in a virtual
environment by means of a computer, a three-dimensional
mathematical model G2 1is generated that makes it possible
to depict the trajectories of the fluid particles entering
the air intakes selected of the three-dimensional
mathematical model M1 motor vehicle 1 and exiting
therefrom, assigning specific colours or shades Tl - T4 to
each set of trajectories. This enables display with
different colours or shades of the trajectories of the
fluid particles associated with the respective air intakes.

As may be appreciated from Figure 12, the trajectories
displayed of the fluid particles are in this case external
to the three-dimensional mathematical model M1 of the motor
vehicle 1 and proceed beyond the front, rear, and side
limits thereof.

At this point, a further three-dimensional
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mathematical model is generated in a virtual environment by
means of a computer, said further three-dimensional
mathematical model representing a stylistic pattern S2 to
be made on the motor vehicle 1.

The three-dimensional mathematical model representing
the stylistic pattern S2 is based on the three-dimensional
mathematical model Gl and is obtained by projecting the
trajectories of the fluid particles that proceed beyond the
limits of the three-dimensional mathematical model M1 of
the motor vehicle 1 onto the external surface thereof. As
to the areas at the front and at the back of the three-
dimensional mathematical model M1 of the motor vehicle 1,
the projection of the trajectories of the fluid particles
is made at a pre-set distance from the three-dimensional
mathematical model M1 itself, for example 30 cm from the
front and rear limits of the latter. In a way similar to
what has been seen previously as regards the simulation of
Figures 3 to 9, the motor vehicle 1 is also here subjected
to a step of application, on the external surface 11, of
the stylistic pattern S2.

Preferably, application of the stylistic pattern S2 on
the external surface 11 of the motor vehicle 1 is provided
by painting.

More preferably, the stylistic pattern S2 is applied

on the external surface 11 of the motor vehicle 1 by means
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of a robot controlled by the computer.

The final result is wvisible in Figures 13 and 14,
where, once again, the areas of the windscreen 8, the rear
window 9, the door windows 7, the front wheels 2, the rear
wheels 3, and the various grills present are left out from
application of the stylistic pattern S2.

Similarly to what disclosed for the first type of
simulation, wind ftunnel tests based on a suitable sensor
system can be carried out in parallel to the detections in
a virtual environment by means of the aforesaid software.

In this case, the process according to the invention
can comprise the further step of calculating a further
three-dimensional mathematical model (not shown) based on
outputs of the aforesaid sensor system; the three-
dimensional mathematical model representing the stylistic
pattern S2 would then be also Dbased on the three-
dimensional mathematical model calculated taking into
account the outputs of the sensor system.

Figures 15 to 22 illustrate other examples of
stylistic patterns 83, 5S4, S5, S6 that can be applied,
preferably by painting, on the external surface 11 of the
motor vehicle 1 and based on corresponding three-
dimensional mathematical models (not illustrated) obtained
from further types of simulations of aerodynamic flows in a

virtual environment by means of a computer.
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In particular, in the case of the stylistic pattern S3
(Figures 15 and 16), during the corresponding virtual
environment simulation, the trajectories of ©particles
adhering to the external surface of the three-dimensional
mathematical model M1 of the motor vehicle 1 carried by the
moving fluid are detected.

As already mentioned above, said virtual environment
simulation is carried out applying a finite-volume fluid-
dynamic calculation by setting a constant speed of the
three-dimensional mathematical model M1 of the motor
vehicle 1 of 120 Km/h and a direction of the flow of air
that impinges upon the three-dimensional mathematical model
M1 itself aligned with the longitudinal axis of the latter.

In a way similar to what has been seen as regards the
three-dimensional mathematical model G2, also in this case,
at the end of the simulation in a wvirtual environment by
means of a computer, a three-dimensional mathematical model
of the aerodynamic flow taken into account (not
illustrated) 1is generated. Unlike the three-dimensional
mathematical model G2, the three-dimensional mathematical
model obtained here is in a single pre-set colour or shade
and 1is reproduced by the stylistic pattern S3 except for
the areas of the windscreen 8, the rear window 9, the door
windows 7, the front wheels 2, the rear wheels 3, and the

various grills present.
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In this case, again, in parallel to the simulation in
a virtual environment by means of a computer, wind-tunnel
tests can be carried out, coating the surfaces of interest
with a particular paint (typically made up of fluorescent
pigments or pigments with an oily matrix, usually
paraffin). With the paint still fresh, the flow of air is
brought to the desired testing speed and, as a result of
the actions of friction on the paint, the trajectories of
the particles in the proximity of the surfaces examined
remain visible.

In the case of the stylistic pattern S4 (Figures 17
and 18), during the corresponding simulation in a virtual
environment by means of a computer, the wvalue of the
pressure coefficient at each point of the external surface
11 of the three-dimensional mathematical model M1 of the
motor vehicle 1 1is measured. In practice, the pressure
coefficient 1is the operating gquantity measured in the
course of this simulation.

As an alternative, the pressure coefficient could be
measured only at some selected points of the external
surface of the three-dimensional mathematical model M1 of
the motor vehicle 1.

As 1s known, the pressure coefficient 1s a non-
dimensional quantity defined, for each point of the

external surface 11 of the motor vehicle 1, as the ratio
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between:

- the difference between the absolute pressure in that
point and the environmental reference pressure; and

- the dynamic pressure.

The dynamic pressure is in turn defined in a known way
as 0.5 times the density of the air by the speed of the
motor vehicle (or of the air that impinges upon the motor
vehicle in the wind tunnel) squared.

As 1in the previous cases, sald virtual environment
simulation is carried out applying a finite-volume fluid-
dynamic calculation by setting a constant speed of the
three-dimensional mathematical model M1 of the motor
vehicle 1 of 120 Km/h and a direction of the flow of air
that impinges upon the three-dimensional mathematical model
M1 itself aligned with the longitudinal axis of the latter.

In a way similar to what has been seen as regards the
three-dimensional mathematical model G1l, also in this case,
at the end of the simulation in a wvirtual environment by
means of a computer, a three-dimensional mathematical model
(not illustrated) 1is generated, with pre-set colours or
shades, of the distribution of the wvalues measured of the
pressure coefficient on the external surface of the three-
dimensional mathematical model M1 of the motor vehicle 1.
Said three-dimensional mathematical model is then

reproduced by the stylistic pattern S4 except for the areas
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of the windscreen 8, the rear window 9, the door windows 7,
the front wheels 2, the rear wheels 3, and the wvarious
grills present.

As 1in the other cases, in parallel to the simulation
in a wvirtual environment by means of a computer, wind-
tunnel tests can also be carried out. In particular, by
definition, the sum point-by-point of the pressure
coefficient multiplied by the area on which it acts and by
the dynamic pressure (which depends only upon the speed)
yields as result the overall force acting on the motor
vehicle 1 (or rather on the scale model used for the wind-
tunnel tests) generated by the interactions between the
field of motion of the air and the portions of the external
surface 11 of the motor vehicle 1 itself lapped by the air.
Therefore, in the wind tunnel, the force that develops on
the motor vehicle 1 as a result of the actions of pressure
of the air on its external surface 11 1s measured using
calibrated strain-gauge scales. Moreover, during the wind-
tunnel tests on scale models, probes are arranged in some
significant areas of the motor vehicle 1 for measuring the
point-by-point value of the pressure. Known algorithms then
enable calculation of the value of the pressure
coefficient. Said point-by-point measurements are then
compared with the corresponding wvalues drawn from the

simulation in a virtual environment by means of a computer
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to verify that the modellings used 1in the simulations
themselves match the actual phenomena also in a point-by-
point way.

In the case of the stylistic pattern S5 (Figures 19
and 20), during the corresponding simulation in a virtual
environment by means of a computer the trajectories
followed by the fluid particles in the proximity of some
portions of interest of the external surface of the three-
dimensional mathematical model M1 of the motor vehicle 1
are detected.

Also here, said wvirtual environment simulation is
carried out by means of a finite-volume fluid-dynamic
calculation and in the same operating conditions referred
to previously, 1i.e., by setting a constant speed of the
three-dimensional mathematical model M1 of the motor
vehicle 1 of 120 km/h and a direction of the flow of air
that impinges upon the three-dimensional mathematical model
M1 itself aligned with the longitudinal axis of the latter.

On the basis of the virtual environment simulation,
also in this case, 1in a way similar to what has been
described as regards the three-dimensional mathematical
model G2, a three-dimensional mathematical model of the
aerodynamic flow taken into account (not illustrated) 1is
generated that makes it possible to represent the

trajectories of the fluid particles in the proximity of the
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portions of interest of the external surface of the three-
dimensional mathematical model M1l. However, a colorimetric
scale or a scale of shades is here used on the basis of the
modulus of the 1local velocity vector of the particles
themselves.

In this type of simulation, the trajectories of the
fluid particles depicted are external to the three-
dimensional mathematical model of the motor wvehicle 1 and
proceed beyond the front, rear, and side limits thereof.

In a way corresponding to what has been previously
described with reference to the simulation of Figure 12,
the three-dimensional mathematical model representing the
stylistic pattern S5 is obtained by projecting the
trajectories of the fluid particles onto the external
surface of the three-dimensional mathematical model M1 of
the motor wvehicle 1. As regards, 1in particular, the areas
at the front and at the back of the three-dimensional
mathematical model M1 of the motor vehicle 1, the
projection of the trajectories of the fluid particles 1is
carried out at a pre-set distance from the three-
dimensional mathematical model M1 of the motor vehicle 1
itself, for example, at 30 cm from the front and rear
limits of the latter.

The final result is visible in Figures 19 and 20,

where once again the areas of the windscreen 8, the rear
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window 9, the door windows 7, the front wheels 2, the rear
wheels 3, and the various grills present are left out from
application of the stylistic pattern Sb5.

Similarly to what disclosed above for the previous
types of simulation, wind tunnel tests can be carried out
in parallel to the simulation in a virtual environment by
means of a computer.

The stylistic pattern S6 (Figures 21 and 22) 1is
correlated to the same phenomenon used for generation of
the stylistic pattern S5, with the sole difference that
detection of the trajectories of the fluid particles 1is
extended to the entire external surface of the three-
dimensional mathematical model M1 of the motor vehicle 1.

Designated as a whole by 1’ in Figures 23 and 24 is a
scale model of the motor vehicle 1, in the specific case
illustrated a 15% scale model.

According to an i1mportant aspect of the present
invention, the model 1’ has been subjected to a step of
application of a stylistic pattern S7, generated on the
basis of some of the trajectories detected in the course of
the type of simulation that has produced the stylistic
pattern So.

Advantageously, the stylistic pattern S7 has been
obtained by three-dimensional printing and then applied on

selected portions of the external surface of the model 1’.
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In Figure 25, designated as a whole by 1’’ is a scale
model of the motor wvehicle 1, in the specific case
illustrated a 40% scale model.

The model 1’’ 1s of the type used for wind-tunnel
tests.

According to an 1mportant aspect of the present
invention, the model 1’’ has been subjected to a painting
step, in which, on its own external surface, a stylistic
pattern S8 has been applied based on the three-dimensional
mathematical model Gl and substantially reproducing totally
the latter.

In Figure 26, a picture is designated as a whole by 20
incorporating a portion 1’’’ of a scale model of the motor
vehicle 1 of Figures 1 and 2, on which a stylistic pattern
S9 based on the three-dimensional mathematical model G1 has
been applied. In particular, the portion 177 is
constituted by a bottom portion or underside of the motor
vehicle 1 encased in the picture 20.

From an examination of the characteristics of the
process provided according to the present invention and of
the vehicular product or the model obtained by means of the
aforesaid process the advantages that the invention affords
are evident.

In particular, application on a vehicular product or

on a model correlated thereto of a stylistic pattern or a
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livery based on a three-dimensional mathematical model of
the results of the simulation of aerodynamic flows
calculated in a virtual environment by means of a computer
makes 1t possible to bring out the technical peculiarities
of the latter. In other words, said type of stylistic
pattern or livery becomes a sort of passive indicator of
performance of the vehicular product with which it has been
associated, visible to all users.

Finally, it is clear that modifications and variations
may be made to the process described and illustrated
herein, without thereby departing from the sphere of

protection defined by the claims.
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CLATMS

1.- A computer-assisted process for making a stylistic
pattern (S1, S2, S3, sS4, S5, S6, S7, S8, S9) on an external
surface (11) of a wvehicular product (1) or a model (17,
177, 1'77) correlated to said vehicular product (1), said
process comprising the steps of:

a) carrying out, in a virtual environment and by means
of said computer, a simulation of aerodynamic flow in pre-
set operating conditions based on a first three-dimensional
mathematical model (M1) of the entire vehicular product (1)
or of part thereof in order to calculate a second three-
dimensional mathematical model (Gl1, G2) representing the
development of said aerodynamic flow and/or of the values
assumed by at least one pre-set operating quantity on at
least part of the external surface of said first three-
dimensional mathematical model (M1) of said wvehicular
product (1); said second three-dimensional mathematical
model (Gl, G2) being represented using pre-set colours
and/or shades associated with trajectories of predefined
particles of said aerodynamic flow and/or with values
assumed by said operating quantity 1in the different
selected points of the external surface of said first
three-dimensional mathematical model (M1);

b) generating, in a virtual environment and by means

of said computer, a third three-dimensional mathematical
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model representing the stylistic pattern (S1, S2, S3, 5S4,
sb, S6, S7, S8, S9) to be made on said vehicular product
(1) or on said model (1, 1'', 1'’") correlated to said
vehicular product (1); and

c) making said stylistic pattern (S1, S2, S3, 54, S5,
sSe, S7, 88, S9) on salid external surface (11) of said
vehicular product (1) or on an external surface of said
model (17, 1’’, 1’’’") correlated to said vehicular product
(1)

wherein said third three-dimensional mathematical
model representing said stylistic pattern (S1, S2, S3, S4,
s5, So, S7, 858, 89) 1is Dbased on salid second three-
dimensional mathematical model (G1, G2).

2.— The process according to Claim 1, wherein said
step c¢) 1s carried out by a robot controlled by said
computer.

3.- The process according to Claim 1 or 2, wherein
said step c¢) comprises the step of painting the external
surface (11) of said wvehicular product (1) or the external
surface of said model (17, 1’7, 1'’’") correlated to said
vehicular product (1).

4.- The process according to any one of the preceding
Claims, wherein said wvirtual environment simulation is
conducted by means of fluid-dynamic calculation software.

5.- The process according to any one of the preceding
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Claims, comprising the further step of:

d) calculating a fourth three-dimensional mathematical
model based on outputs of a sensor system cooperating with
said wvehicular product or with a model (17, 1’7, 1’'7)
correlated to said wvehicular product (1) subjected to wind
tunnel tests; said third three-dimensional mathematical
model representing the stylistic pattern (S1, S2, S3, 5S4,
sb, So6, 87, 88, S59) being further based on said fourth
three-dimensional mathematical model.

6.- The process according to any one of the preceding
Claims, wherein in said step a) the trajectories of fluid
particles in the proximity of the external surface of said
first three-dimensional mathematical model (M1) of said
vehicular product (1) or of particles adhering to the
external surface itself are calculated.

7.—- The process according to Claim 6, wherein said
trajectories of fluid particles calculated in said step a)
extend beyond the limits of said first three-dimensional
mathematical model (M1l) of the vehicular product (1), and
wherein, 1in said step b), the third three-dimensional
mathematical model is calculated by projecting the
trajectories of the fluid particles that proceed beyond the
limits of said first three-dimensional mathematical model
(M1) onto the external surface thereof.

8.—- The process according to any one of the preceding
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Claims, wherein, in said step a), the operating quantity
measured 1s chosen from among at least the following
operating quantities:

- the pressure coefficient 1in some or all of the
points of the external surface of said first three-
dimensional mathematical model (M1) of said wvehicular
product (1); and

- the modulus of the velocity vector in some or all of
the points of the external surface of said first three-
dimensional mathematical model (M1) of said wvehicular

product (1).
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