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(57)  Alighting device (1) including a plurality of light
sources (2) arranged side-by-side and spaced from one
another along a predetermined trajectory (T) and a
blade-shaped first lighting body (4), delimited longitudi-
nally between a front face (5) and a rear face (6) parallel
to the predetermined trajectory; between the front and
rear faces (5,6) first air lenses (8) are present, each being
arranged at a light source (2) and including a first and a
second collimating optical element (9,10); the front face
(5) being provided with divergent optics (11) configured
to form on the frontface (5) a plurality of virtual light sourc-
es (14) arranged spaced from one another with a pitch
smaller than the first light sources (2); a second blade
lighting body (15) being arranged in front of the front face
(5) of the first illuminating body (4), spaced from it by a
second air lens (20).
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Description

Cross-reference to related applications

[0001] This patent application claims priority from ltal-
ian patent application no. 102021000008909 filed on
April 9, 2021.

Technical field of the invention

[0002] The present invention relates to a lighting de-
vice for vehicles, in particular a signalling device for ve-
hicles, for example motor vehicles, such as a lamp,
wherein the light source consists of a LED or a LED bat-
tery.

Prior art

[0003] Asknown,onmodern vehicles, in particular mo-
tor vehicles, headlights or, more often, lamps are often
adopted, both for technical and stylistic reasons, in which
the lighting body is formed by a blade-shaped flat light
guide, rectilinear or more often curved, known with the
term "light blade" or "blade of light."

[0004] In this type of lighting device, a series of light
sources arranged side-by-side and generally formed by
LEDs are activated, simultaneously or sequentially, and
feed light into a first end of the blade-shaped light guide;
the light is then emitted through a second end of the light
guide, opposite to the first end. A lighting device of this
type is illustrated in EP3248840.

[0005] This type of solution has the drawback that the
light emitted from the second end is not homogeneous,
at worst to the point that it is still possible to distinguish
individual light sources.

[0006] This drawback can be attenuated, and even
suppressed, by increasing the number of light sources
arranged side-by-side and/or by extending the depth of
the light blade, i.e. the distance between the first and
second ends of the light guide constituting the lighting
body.

[0007] However, itis clear that increasing the number
of light sources is expensive and often difficult to imple-
ment, especially when they are arranged on a flexible
printed circuit arranged facing the first end of the light
guide, parallel thereto. Likewise, extending the depth of
the "light blade" is often not possible due to dimension
reasons.

[0008] The problem is only partly attenuated by inter-
posing additional optical elements between the first and
second ends of the light guide, as described in
EP3502551.

Summary of the invention

[0009] The object of the presentinvention is to provide
a lighting device for vehicles, in particular for use in motor
vehicle lamps, in which the light source is formed by a
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plurality of LEDs and which has not the drawbacks of the
state of art, in particular that can provide high uniformity
and homogeneity of output lighting, together with high
compactness, therefore with small dimensions, relatively
low manufacturing and assembly costs and high shape
adaptability, so as to be able to equip vehicles with sty-
listic profiles that are very different from each other, but
operating on the basis of a single operation principle.
[0010] Therefore, the present invention relates to a
lighting device for vehicles having the characteristics as
set forth in the appended claims.

[0011] Particularly, the lighting device for vehicles ac-
cording to the invention consists preferably, but not ex-
clusively, of a signalling device usable in a motor vehicle
headlight or lamp.

[0012] The lighting device of the invention comprises
a plurality of first light sources arranged side-by-side,
spaced from one another along a predetermined trajec-
tory, with a constant or non-constant pitch, and a first
lighting body substantially blade-shaped and delimited
longitudinally between a front face and a rear face there-
of, opposite to one another, the first lighting body being
configured to receive light in the form of a plurality of light
beams from the first light sources on the side of the rear
face (working in TIR - Total Internal Reflection), which is
arranged parallel to the aforementioned predetermined
trajectory, and to emit light through the front face.
[0013] Between thefrontand rearfaces of thefirstlight-
ing body, a plurality of first air lenses are present, each
being arranged substantially at a first light source, and
each being composed of a first and second collimating
optical elements.

[0014] In combination, the front face of the first lighting
body is provided with a layer of divergent optics config-
ured to receive a plurality of collimated light beams by
the first air lenses and transform them into divergent light
beams so as to form on the front face of the first lighting
body a plurality of second virtual light sources arranged
side-by-side and spaced from one another with a pitch,
whether constant or not, smaller than the one present
between the first light sources.

[0015] The lighting device of the invention further com-
prises a blade-shaped second lighting body and delimit-
ed longitudinally between a front face thereof and a rear
face thereof, the latter facing and being parallel to the
frontface of thefirstlighting body and being spaced there-
from by a second air lens.

[0016] The first and second lighting bodies are config-
ured to constitute total internal reflection light guides be-
tween the respective rear and front faces.

[0017] The first light sources each consist of a LED or
a LED battery. Hereinafter, "LED battery" means the set
of at least two adjacent LEDs having different lighting
functions and/or colours.

[0018] The first lighting body is delimited between its
front and rear faces by an upper face and by an opposite
lower face, both flat, and the first light sources are ar-
ranged on the side of the upper face and so as to emit
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the plurality of light beams transversely to the upper face
and towards the rear face.

[0019] In a preferred embodiment, the rear face of the
first lighting body is defined by a plurality of curved re-
fractive surfaces, preferably of a parabolic type, each fac-
ing a single first light source and configured to collect the
plurality of light beams emitted by the first light sources
to collimate them towards the front face in a direction
transverse, preferably perpendicular, to the upper and
lower faces.

[0020] The first and second optical elements of each
first air lens are thus configured to collimate the plurality
of light beams refracted by the rear face in a direction
perpendicular to the collimation direction determined by
said curved refractive surfaces delimiting the rear face.
[0021] In use, the upper and lower faces are arranged
substantially horizontally.

[0022] Essentially, then, while the curved refractive
surfaces collimate the light beams emitted by the LEDs
constituting the first light sources in a vertical direction,
the optical elements of the first air lenses perform a dou-
ble collimation (complex collimation) in a horizontal di-
rection.

[0023] The LEDs of the first light sources are arranged
offset from one another in a direction of light propagation
between the rear and front faces of the first lighting body
and are arranged discretely aligned along the aforemen-
tioned predetermined trajectory and all at the same dis-
tance from the front face of the first lighting body.
[0024] Essentially, the LEDs are preferably carried by
a single "ladder"- or "zigzag"-shaped printed circuit con-
figured to position the stepped LEDs along the aforemen-
tioned predetermined trajectory, and which is fixed on
the upper face of the first lighting body. Of course, the
printed circuit could have any other convenient shapes.
[0025] The first optical element of each first air lens is
constituted by a curved, concave or convex lens; the sec-
ond optical element of each first air lens is instead con-
stituted by a lens even only partially curved, in particular
curved at least at its respective opposite ends, which are
arranged transversely to the direction of light propagation
between the rear and front faces of the first lighting body.
[0026] The layer of divergent optics is formed by a plu-
rality of preferably cylindrical optics arranged side-by-
side and adjacent, parallel to one another, in a direction
transverse, preferably perpendicular, to the respective
upper and lower faces.

[0027] The second lighting body is fixed integrally in
front of the first lighting body and, according to a first
embodiment, is obtained integral in a one piece with the
firstlighting body for moulding in a synthetic plastic resin;
in a second embodiment, the second lighting body is ob-
tained as an elementindependent of the firstlighting body
but mechanically connected to the latter, preferably at
opposite transversal ends of the first and second lighting
bodies which flank on opposite sides the light sources.
[0028] Finally, the invention also extends to a vehicle
comprising such a lighting device.
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Brief description of the drawings

[0029] Further characteristics and advantages of the
present invention will become clearer from the following
description of its non-limiting embodiments, made with
reference to the figures of the accompanying drawings,
wherein:

- figure 1 schematically illustrates a perspective three-
quarter view from above, but tilted 180° for better
understanding, of a lighting device made according
to the invention;

- figure 2 schematically illustrates and in an enlarged
scale a plan view from below and sectioned accord-
ing to a trace plane II-11 of the lighting device of figure
1;

- figure 3 schematically illustrates a three-quarter per-
spective view from below of the lighting device of
figure 1;

- figure 4 schematically illustratesin an enlarged scale
a perspective view of a detail of figure 3;

- figure 5 schematically illustrates in a further enlarged
scale a plan view from below of a portion of the light-
ing device of figure 1 and schematically the principle
of operation thereof; and

- figure 6 schematically illustrates a three-quarter per-
spective view from below of a different embodiment
of the lighting device of the invention.

Detailed description

[0030] With reference to figures 1 to 5, reference
number 1 as a whole indicates a lighting device for a
known vehicle, in particular a motor vehicle, not illustrat-
ed for simplicity.

[0031] In the illustrated non-limiting but preferred ex-
ample, the lighting device 1 is a signalling device that
can be inserted/integrated into a headlight or lamp, oth-
erwise known and not illustrated for simplicity, or mount-
ed in a specific seat directly obtained on the body of the
aforementioned known and not illustrated vehicle.
[0032] The lighting device 1 comprises a plurality of
first light sources 2, only two of which are shown, and
only schematically as blocks, in figures 1 and 5. In figure
1 the light sources 2 are illustrated, as will be seen, in
the correct assembling position.

[0033] In figure 5, for purely exemplary purposes and
to better illustrate the principle of operation of the lighting
device 1 according to the invention, the light sources 2
are instead illustrated arranged in a fictitious position,
offset with respect to the correct assembling position,
since in such correct assembling position they would not
be visible.

[0034] The light sources 2 are arranged side-by-side
and spaced from one another along a predetermined tra-
jectory T, straight or curved, with fixed or variable curva-
ture, depending on the stylistic needs to be met. The light
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sources 2 are spaced from one another with a preferably
constant pitch, but if necessary, the pitch could also be
variable, i.e. the distance between two adjacent light
sources 2 could not always be the same.

[0035] Preferably, the light sources 2 each consist of
aLEDoralLED battery. Hereinafter, "LED battery" means
the set of atleasttwo adjacent LEDs, for example in pairs,
arranged in the same position along the trajectory T, for
example having different lighting functions and/or col-
ours, as will be seen.

[0036] In the illustrated non-limiting but preferred ex-
ample, the LEDs 2 are carried by a single substantially
rigid, "ladder"- or "zigzag"-shaped printed circuit 3 (or
printed circuit board) so as to extend as a whole parallel
to the trajectory T, but in a discrete manner, i.e. in por-
tions, and configured to position the stepped LEDs 2
along the aforementioned predetermined trajectory T.
Obviously, the printed circuit 3 could also have any other
convenient shapes.

[0037] The lighting device 1 further comprises a first
lighting body 4 substantially blade-shaped and longitu-
dinally delimited between a front face 5 thereof and a
rear face 6 thereof, opposite one another.

[0038] Hereafter, the terms "front" and "rear" are un-
derstood as referred to the positions assumed in use by
the faces 5 and 6 on the vehicle, where the rear face 6
faces the interior of the vehicle, whereas the front face 5
faces the exterior of the vehicle. Generally, in use, the
faces 5 and 6 are further arranged in a generally vertical
direction, i.e. perpendicular or transversely inclined to
the horizontal plane.

[0039] The firstlighting body 4 is configured to receive
the light in the form of a plurality of light beams 7 (figure
5) from the first light sources 2 from the side of the rear
face 6, which is arranged as a whole parallel to the afore-
mentioned predetermined trajectory T, and to emit light
through the front face 5.

[0040] According to a first aspect of the invention, be-
tween the front face 5 and the rear face 6 of the first
lighting body 4, there are a plurality of first air lenses 8
each arranged substantially at a first light source 2 and
each composed of a first collimating optical element 9
and a second collimating optical element 10.

[0041] In combination, the front face 5 of the first light-
ing body 4 is provided with a layer of divergent optics 11
configured to receive (figure 5) a plurality of collimated
light beams 12 by the first air lenses 8 and transform
them into divergent light beams 13 so as to form on the
front face 5 of the first lighting body 4 a plurality of second
virtual light sources 14 (schematized with a dot in figure
5) arranged side-by-side and spaced from one another
with a pitch, whether constant or not, smaller than the
one present between the first light sources 2.

[0042] Essentially, according to the invention, the light-
ing body 4 is configured with the air lenses 8 and its faces
5 and 6 to create, from the real light sources 2, a plurality
of virtual light sources 14 arranged much closer together
than the light sources 2, which can thus be reduced in
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number and more spaced from one another than in
known art, with great economic savings and constructive
simplification.

[0043] In order to complete the lighting device 1 of the
invention, it further comprises a blade-shaped second
lighting body 15 longitudinally delimited between a front
face 16 thereof and a rear face 18 thereof (where the
terms "front" and "rear" have to be understood as spec-
ified above) .

[0044] The face 18 is arranged facing and parallel to
the front face 5 of the first lighting body 4 and is spaced
therefrom by a second air lens 20.

[0045] The first and second lighting bodies 4 e 15 are
configured to constitute total internal reflection light
guides between the respective rear and front faces 5,6
and 16,18, respectively.

[0046] The first lighting body 4 is further delimited be-
tween its front face 5 and rear face 6 by an upper face
21 (figure 3) and by an opposite lower face 22 (figure 1),
both flat.

[0047] In a preferred embodiment, the rear face 6 of
the first lighting body 4 is defined by a plurality of curved
refractive surfaces 23, preferably of a parabolic type,
each facing a respective first light source 2 and config-
ured to collect the plurality of light beams 7 emitted by
the first light sources 2 (figure 5) to collimate them to-
wards the frontface 5 in a direction transverse, preferably
perpendicular, to the upper face 22 and the lower face 23.
[0048] The curved surfaces 23 are also arranged lon-
gitudinally stepped/offset side-by-side to one another
(i.e. in the direction of emission of the light beams 7 and
which goes from the rear face 6 to the front face 5) as
the light sources 2 mounted on the "ladder"-shaped print-
ed circuit 3, so as to discretely follow (in the mathematical
meaning of the term) the trajectory T.

[0049] Intheillustrated non-limiting example of the em-
bodiment, the light sources 2 are further arranged on the
side of the upper face 22 and so as to emit the plurality
of light beams 7 transversely to the upper face 22 and
towards the rear face 6.

[0050] For this purpose, the printed circuit 3 is carried
integrally by the upper face 22.

[0051] The first and second optical elements 9, 10 of
each first air lens 8 are instead configured, according to
a further aspect of the invention, to collimate the plurality
of light beams 7, already refracted by the rear face 6, in
a direction perpendicular to the direction of the previous
collimation determined for each beam 7 by a respective
curved refractive surface 23 locally delimiting the rear
face 6 at each light source or LED 2.

[0052] In use, the upper face 21 and the lower face 22
are arranged substantially horizontally.

[0053] Essentially, while each curved refractive sur-
face 23 collimates the light beams 7 emitted by the LEDs
constituting the first light sources 2 in a vertical direction,
the optical elements 9, 10 of the first air lenses 8 perform
a double collimation (complex collimation - that makes
light homogeneous) in a horizontal direction.
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[0054] The LEDs 2 constituting the first light sources
are arranged, as already indicated, offset from one an-
other in the direction of light propagation between the
rear face 6 and the front face 5 of the lighting body 4 and
are arranged discretely aligned along the aforemen-
tioned predetermined trajectory T and preferably all at a
same distance from the front face 5 of the first lighting
body 4, where possible based on the envisaged stylistic
shape therefor.

[0055] The first optical element 9 of each first air lens
8 is constituted by a curved, concave or convex lens; the
second optical element 10 of eachfirstairlens 8 isinstead
constituted by a lens even only partially curved, in par-
ticular curved at least at its respective opposite lateral
ends 24 (figure 4).

[0056] The lateral ends 24 are arranged transversely
to the direction of light propagation between the rear face
6 and the front face 5 of the first lighting body 4.

[0057] According to a preferred embodiment of the in-
vention, the layer of divergent optics 11 is formed by a
plurality of cylindrical optics 11 arranged side-by-side and
adjacent, parallel to one another, in a direction trans-
verse, preferably perpendicular, to the respective upper
face 21 and lower face 22 of the lighting body 4.

[0058] The second lighting body 15 is fixed integrally
in front of the first lighting body 4 and, according to a first
embodiment of the invention, is obtained integral in a one
piece with the first lighting body 4, having been moulded
together with itin a one piece and with a single operation
in a synthetic plastic resin.

[0059] Inasecond possible embodiment, schematical-
ly illustrated in figure 6 and indicated with the reference
number 100, the remaining details similar or identical to
those already described being indicated with the same
numbers for simplicity, the second lighting body 15 is
obtained as an independent element from the first lighting
body 4, but mechanically connected to the latter, prefer-
ably at opposite transversal ends 25 of the first and sec-
ond lighting bodies 4 and 15, which flank the light sources
2 from opposite sides (not illustrated in figure 6, only a
lateral part of the printed circuit board 3 is visible).
[0060] Inboth embodiments 1 and 100, the lighting de-
vice of the invention may comprise further optical ele-
ments, if necessary. In particular, the front face 16 of the
second lighting body 15 may be provided with lenses or
prisms or holograms 26 (figures 5 and 6). Similarly, other
additional optical elements may be provided on the rear
face 18, at the air lens 20.

[0061] On the basis of what has been described, it is
apparent that, thanks to the presence of two blade-
shaped lighting bodies such as the light guides 4 and 15,
coupled to each other and to the air lenses 8 and 20, a
relatively limited number of LEDs 2 spaced from one an-
other generate on the face 18 the same input lighting that
would be generated by a much greater amount of light
sources, in this case represented by the virtual light
sources 14, much closer together, in a lighting device of
the known art.
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[0062] In addition, the LEDs 2 can be easily collected
on a single rigid printed circuit 3.

[0063] Finally, the invention also extends to a vehicle
comprising one or more lighting devices 1 or 100.
[0064] All the objects of the invention are achieved.

Claims

1. A lighting device (1;100) for a vehicle comprising a
plurality of first light sources (2) arranged side-by-
side, spaced from one another along a predeter-
mined trajectory (T), with a constant or non-constant
pitch, and a first lighting body (4) substantially blade-
shaped and delimited longitudinally between a front
face (5) thereof and a rear face (6) thereof, opposite
to one another, the first lighting body (4) being con-
figured to receive light in the form of a plurality of
light beams (7) from said first light sources (2) on the
side of the rear face (6), which is arranged parallel
to said predetermined trajectory (T), and to emit light
through the front face (5); characterised in that be-
tweenthe frontand rear faces (5, 6) of the firstlighting
body (4) a plurality of first air lenses (8) are present
each being arranged substantially at a first light
source (2) and each formed by a first collimating op-
tical element (9) and by a second collimating optical
element (10); and in that, in combination, the front
face (5) of the first lighting body (4) is provided with
a layer of divergent optics (11) configured to receive
a plurality of collimated light beams (12) from the first
air lenses (8) and to transform them into divergent
light beams (13) in order to form, on the front face
(5) of the first lighting body (4), a plurality of second
virtual light sources (14), arranged side-by-side and
spaced from one another with a constant or non-
constant pitch, smaller than that present between
the first light sources (2); the lighting device (1;100)
furthermore comprising a second blade-shaped
lighting body (15) longitudinally delimited between a
front face (16) thereof and a rear face (18) thereof,
the latter being arranged in front of and parallel to
the front face (5) of the first lighting body (4) and
spaced therefrom by means of a second air lens (20).

2. Thelighting device according to claim 1, character-
ised in that the first light sources (2) each consist
of an LED or an LED battery (2).

3. The lighting device according to claim 1 or 2, char-
acterised in that the first lighting body (4) is delim-
ited between said front (5) and rear (6) faces by an
upper face (21) and by an opposite lower face (22),
both flat, the first light sources (2) being arranged on
the side of the upper face (21) and so as to emit said
plurality of light beams (7) transversely to the upper
face (21) and towards the rear face (6).
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The lighting device according to claim 3, character-
ised in that the rear face (6) of the first lighting body
is defined by a plurality of side-by-side curved re-
fractive surfaces (23), preferably of a parabolic type,
each facing a respective first light source (2) and
configured to collect said plurality of light beams (7)
to collimate them towards the front face (5) in a di-
rection transverse, preferably perpendicular, to said
upper and lower faces (21,22).

The lighting device according to claim 4, character-
ised in that the first and second optical elements
(9,10) of each first air lens (8) are configured to col-
limate said plurality of light beams refracted by the
rear face (6) in a direction perpendicular to the pre-
vious collimation direction determined by said
curved refractive surfaces (23) delimiting the rear
face (6).

The lighting device according to one of the preceding
claims, characterised in that said light sources (2)
are arranged staggered between one another along
a light propagation direction between said rear (6)
and front (5) faces and arranged aligned in a discrete
manner along said predetermined trajectory (T) and
preferably all at a same distance from the front face

®).

The lighting device according to one of the preceding
claims, characterised in that the first optical ele-
ment (9) of each first air lens (8) is formed by a
curved, concave or convex lens; and in that the sec-
ond optical element (10) of each first air lens is
formed by a lens which is curved at least at respec-
tive opposite ends (24) thereof arranged transverse-
ly to a light propagation direction between said rear
and front faces (6,5).

The lighting device according to one of the preceding
claims, characterised in that said layer of divergent
optics (11)is formed by a plurality of cylindrical optics
(11) arranged side-by-side, adjacent and parallel to
one another and in a direction transverse, preferably
perpendicular, to respective upper and lower faces
(21,22), both flat, delimiting the first lighting body (4)
between said front and rear faces.

The lighting device according to one of the preceding
claims characterised in that the second lighting
body (15) is fixed integral in front of the first lighting
body (4) and is either obtained integral in a one piece
with the same, by moulding with a synthetic plastic
resin, or is obtained as an element independent of
the first lighting body (4) but mechanically connected
to the latter, preferably at opposite transversal ends
(25) of the first and second lighting bodies (4,15)
which flank on opposite sides said light sources (2).
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10. A vehicle comprising a lighting device (1;100), head-

light or lamp, according to one of the preceding
claims.
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