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Description

Cross-reference to related applications

[0001] This patent application claims priority from ltal-
ian patent application no. 102021000008030 filed on
March 31, 2021.

Technical field of the invention

[0002] The present invention relates to a light guide
optical system which can be defined as "hybrid", in that
it combines a proper light guide with blade optics. The
invention further relates to a lighting device for vehicles,
particularly but not exclusively alamp, provided with such
an optical system and wherein the light source consists
of an LED or a battery of LEDs.

Prior art

[0003] As is known, on modern vehicles, in particular
motor vehicles, both for technical and stylistic reasons,
headlights, or more often lamps, are often used, in which
the lighting body consists of a plurality of emitting ele-
ments or "gems", which are arranged spaced from one
another according to a pre-set pattern (for example,
along a straight or curved line) directly through the vehicle
body and/or through a lamp or headlight body made of
an opaque material.

[0004] Each emitting element must be provided with
one or more corresponding light sources, typically LEDs,
emitting a light beam perpendicular to a rear face of the
emitting element.

[0005] Such a configuration, in addition to being ex-
pensive, is cumbersome and difficult to implement since
the LEDs must be supported and supplied by a printed
circuit which must follow the pattern formed by the emit-
ting elements, or by a plurality of support bases electri-
cally connected to each other, which must in some way
be individually fixed to the bodywork and/or to the lamp
or headlight body.

[0006] It would therefore be useful to use a light guide
to bring a light beam produced by a single LED or battery
of LEDs towards the emitting elements. However, this
solution has the drawback that the lighting intensity of
the individual emitting elements would be different and,
in any case, not uniform, even over the individual emitting
element.

Summary of the invention

[0007] The object of the presentinvention is to provide
a light guide optical system, which overcomes the above-
mentioned drawbacks, allowing a plurality of light emit-
ting elements of any shape and arranged along a pre-
set trajectory, separated from each other, to be lighted
in a uniform manner and with the same intensity by using
a single LED or battery of LEDs.
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[0008] The presentinvention therefore relatesto a light
guide optical system for a vehicle lighting device made
in accordance with the appended claims.

[0009] Theinventionalsorelatesto anassociated light-
ing device, provided with one or more of these light guide
optical systems, as well as to a vehicle provided with
such a lighting device.

[0010] Inparticular, the light guide optical system com-
prises a plurality of light emitting elements arranged
spaced from one another along a trajectory forming a
pre-set design and configured to receive a light beam
perpendicular to a rear face thereof and to emit such light
beam through a front surface thereof opposite to and
facing the rear face.

[0011] The light guide optical system according to the
invention comprises blade optics made of a material per-
vious to light and connecting together all the emitting el-
ements, and a total reflection light guide operatively as-
sociated with the blade optics; the blade optics extend
longitudinally along the above-mentioned trajectory and
define the rear face of each emitting element with part of
afront face thereof, the emitting elements being obtained
integrally in one piece with the blade optics and protrud-
ing in a cantilever fashion from its front face and on a
side opposite to a rear face of the blade optics.

[0012] The light guide is configured to operatively co-
operate with a light source and comprises a first section,
a first end of which is configured to be directly facing the
light source, and a second section, arranged on a side
opposite to the first end and facing the blade optics, in
frontof and parallel to the rear face thereof and separated
from the latter by means of a gap having a pre-set and
constant width.

[0013] Instead, the second section of the light guide is
provided, on a side opposite to the rear face of the blade
optics, with a plurality of first light extracting optical ele-
ments configured to deflect the light from the inside of
the light guide towards the blade optics, and the rear face
of the latter is provided with a plurality of second optical
elements configured to define, together with the gap, an
air lens configured to uniformly diffuse the light received
from the light guide inside the emitting elements.
[0014] The light guide has a preferably quadrangular,
and even more preferably rectangular cross-section with
at least a pair of respective rounded corners arranged
on the side opposite to the blade optics; the cross-section
has a substantially identical width in the first and in the
second section and is delimited by a front face facing the
blade optics and by an opposite rear face provided with
first light extracting optical elements only along the sec-
ond section.

[0015] According to a preferred embodiment of the in-
vention, the light guide and the blade optics are formed
integral with each other in a single piece and composed
of a same material pervious to light, preferably consisting
of a synthetic plastic material and obtained in a single
piece by means of a single moulding operation.

[0016] According to a possible alternative embodi-
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ment, the light guide and the blade optics are formed as
two separate and independent elements, which however
have been connected togetherintegrally in a single piece,
in any convenient way, for example by gluing, laser or
ultrasonic welding, or snap-on.

[0017] The front face of the light guide is immediately
facing the rear face of the blade optics provided with the
second optical elements, is separated therefrom only by
the aforementioned gap, which is preferably but not nec-
essarily fixed and constant, and is configured as a flat
and smooth face.

[0018] The blade optics comprise: a central body hav-
ing a cross-section, also preferably quadrangular and
provided transversely in a cantilever fashion, on the side
opposite to the light guide, with emitting elements.
[0019] The central body preferably has substantially
the same width as the cross-section of the light guide.
[0020] The central body ends with a pair of ends op-
posite to one another, obtained integrally in one piece
with the central body and shaped towards the light guide
as L-shaped spacing feet, these feet determining the gap
between the light guide and the blade optics.

[0021] The firstend of the first section of the light guide
is provided integrally and in one piece with a light mixing
optical element configured to be facing in use the light
source; the light mixing optical element comprises a plu-
rality of first and second cylindrical lenses, oriented at
right angles to one another and arranged crosswise to
one another.

[0022] Finally, the optical system according to the in-
vention can comprise a channel-shaped support having
a C-shaped cross-section, a bottom wall of which is not
pervious to light.

[0023] The channel-shaped support houses, on the in-
side thereof, the light guide and the blade optics, the light
guide on the side of the bottom wall and the blade optics
on the side opposite to the bottom wall and substantially
flush with respective longitudinal edges of a pair of lateral
walls of the channel-shaped support; the emitting ele-
ments protrude in a cantilever fashion from the channel-
shaped support, perpendicularly to the bottom wall.
[0024] Finally, the invention also extends to a lighting
device comprising such an optical system and to a vehicle
comprising such a lighting device.

Brief Description of the Drawings

[0025] Furtherfeatures and advantages of the present
invention will become clearer from the following descrip-
tion of a non-limiting embodiment thereof, carried out with
reference to the accompanying drawings, wherein:

- Figure 1 is a schematic perspective view of a light
guide optical system according to the invention and
an associated lighting device;

- Figure 2 is a schematic perspective sectional view,
onan enlarged scale, along a plane lI-1l of the optical
system in Figure 1;
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- Figure 3 is a schematic perspective view of a possi-
ble variant according to the invention of the light
guide optical system in Figure 1;

- Figure 4 is a schematic perspective sectional view,
on an enlarged scale, along a plane IV-IV of the light
guide optical system in Figure 3; and

- Figure 5 schematically illustrates the light guide op-
tical systemin Figure 3 in an assembly configuration.

Detailed description

[0026] With referenceto Figures 1 and 2, the reference
numeral 1 indicates, as a whole, a lighting device for a
vehicle (Figure 1), the vehicle being known and not
shown for the sake of simplicity.

[0027] The lighting device 1 comprises a light source
2 only schematically shown and consisting of an LED or
battery of LEDs, known per se, and a body or housing 3
for an optical system 4 operatively associated with the
lightsource 2. The housing 3 can consist of a cup-shaped
body of a headlight or lamp of the above-mentioned ve-
hicle or also, directly, of a body portion of the vehicle itself.
[0028] The optical system 4 comprises a plurality of
light emitting elements 5 arranged spaced from one an-
other, therefore spaced apart, along a straight and/or
curved trajectory T, configured to form a pre-set pattern
on the outside of the housing 3.

[0029] Each light emitting element 5 is configured to
receive transversely to a rear face 6 thereof, as will be
seen, alight beam F (Figure 1) emitted by the light source
2, and to emit said light beam F (or a portion thereof)
through a front surface 7 thereof, opposite to and facing
the rear face 6.

[0030] According to one aspect of the invention, the
optical system 4 is a light guide optical system, since it
comprises a light guide 8 operatively associated with
blade optics 9.

[0031] The blade optics 9 are made of a material per-
vious to light and are configured to connect together, me-
chanically and optically, all the emitting elements 5.
[0032] Thelightguide 8 is also made of a light-pervious
material and is of the total reflection type, i.e., it is con-
figured to collect the light beam F emitted by the source
2 and transport it along the longitudinal extension of the
light guide 8, causing it to "bounce" in a known manner
between arearface 10 thereofand afrontface 11 thereof.
[0033] The blade optics 9 extend longitudinally along
the trajectory T and define the rear face 6 of each emitting
element 5 with part of a front face 12 thereof; in fact, the
emitting elements 5 are obtained integrally in one piece
with the blade optics 9 made of the same material and
protrude in a cantilever fashion from the front face 12 of
the latter, on a side opposite to a rear face 13 of the blade
optics 9, opposite to and facing the face 12.

[0034] In particular, the light guide 8 is configured to
operatively cooperate with the light source 2 and com-
prises a first, longitudinal section 14 and a second, lon-
gitudinal section 15 arranged immediately downstream
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of section 14 with respect to the trajectory T and the di-
rection of emission of the light beam F.

[0035] The first section 14 comprises a first end 16
which is configured to be arranged in use directly facing
the light source 2; the second section 15 is arranged on
a side opposite to the firstend 16 and is entirely arranged
facing and parallel to the blade optics 9, in front of and
parallel to the rear face 13 thereof.

[0036] According to one aspect of the invention, the
second section 15 of the light guide 8 is separated from
the rear face 13, thus facing it through a gap or empty
space 18 having a pre-set and constant width, said gap
18 being therefore filled with ambient air.

[0037] According to a further aspect of the invention,
the second section 15 of the light guide 8 is also provided,
on a side opposite to the rear face 13 of the blade optics
9, therefore, at the rear face 10 thereof, with a plurality
of first optical elements 19, in this case, of the light ex-
tracting type, such as prisms, micro-prisms, holograms,
etc., configured to deflect the light from the inside of the
light guide 8 towards the blade optics 9 and the rear face
13 of the latter.

[0038] In combination with the above, the rear face 13
of the blade optics 9 is provided with a plurality of second
optical elements 20, preferably consisting of cylindrical
optics, configured to define, also together with the gap
18, an air lens 21 designed to uniformly diffuse the light
received from the light guide 8 inside the emitting ele-
ments 5.

[0039] Basically,thanks to the configuration described,
the light beam F emitted by the source 2 is collected by
the light guide 8 at its end 16 and is uniformly diffused
along the sections 14 and 15 of the light guide 8, accord-
ing to a trajectory schematically shown with dashed lines
in a purely pictorial way in Figure 1; when the light beam
F reachesthe section 15, during its "bounces"itis partially
intercepted by the optical elements 19 which send parts
F1 of the beam F out of the light guide 8, perpendicular
to the face 11 of the latter and to the face 13 of the blade
optics 9.

[0040] At this point, the beams F1 are intercepted by
the second optical elements 20, which "open them" dis-
persing them uniformly inside each emitting element 5,
which in turn diffuses them to the outside through the
surface 7.

[0041] According to a further aspect of the invention,
it has been experimentally found that in order to further
improve the uniformity of lighting of the emitting elements
5, the light guide 8 preferably has a substantially quad-
rangular and even more preferably rectangular cross-
section with at least one pair (Figure 2) of its respective
corners 22 which are rounded; in particular, the rounded
corners 22 are opposite to the blade optics 9.

[0042] Moreover, the cross-section of the light guide 8
has a substantially identical width (area) both in the first
section 14 and in the second section 15 thereof and is
delimited by the front face 11 facing the blade optics 9
and by the rear face 10 opposite to the front face 11 and
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carrying the optical elements 19.

[0043] In particular, the rear face 10 of the light guide
8 is only provided with the light extracting optical ele-
ments 19 along the second section 15, so that all the light
energy from the beam F hits the blade optics 9 without
being first dispersed.

[0044] The lightguide 8 and the blade optics 9 are pref-
erably formed integral with each other in a single piece
and composed of a same material pervious to light, pref-
erably consisting of a synthetic plastic material, and ob-
tained in a single piece by means of a single moulding
operation, for example, injection moulding.

[0045] According to a possible variant, however, the
light guide 8 and the blade optics 9 could be formed as
two separate and independent elements, which have
been then connected together integrally in a single piece
in any convenient way, for example, by welding (laser or
ultrasonic welding), gluing, snap-on, etc.

[0046] The front face 11 of the light guide 8 is imme-
diately facing the rear face 13 of the blade optics 9 pro-
vided with the second optical elements 20, is separated
therefrom only by the gap 18, which is preferably but not
necessarily fixed and constant, and is configured, ac-
cording to one aspect of the invention, as a flat and
smooth face. In fact, it has been found thatthe best results
as regards the uniform and identical lighting of all the
emitting elements 5 are obtained by making the face 11
flat and smooth in combination with optical elements 20
consisting of cylindrical optics.

[0047] The blade optics 9 (Figure 2) comprise a central
body 23 having preferably but not necessarily a quad-
rangular cross-section as that of the light guide 8, pref-
erably but not necessarily also having substantially the
same width (area).

[0048] The central body 23 is provided transversely in
acantilever fashion, on the side opposite to the light guide
8, with the emitting elements 5 extending perpendicularly
to the face 12.

[0049] The blade optics 9 further comprise a pair of
opposite ends 24 with which the central body 23 ends
and which are obtained integrally in one piece with the
central body 23.

[0050] The ends 24 are shaped towards the light guide
8 as L-shaped spacing feet, and their shape, therefore
in their function as spacing feet, defines the gap 18 be-
tween the light guide 8 and the blade optics 9 and, in
particular, between the face 11 and the optics 20.
[0051] Also, with reference now to Figures 3 and 4, a
variant 4b of the optical system 4 described so far is
shown therein. Details similar or identical to those de-
scribed are indicated for simplicity with the same refer-
ence numbers.

[0052] The optical system 4b of Figures 3 and 4 differs
from the previous one only in the shape and length of a
first section 14b of the light guide 8 thereof; this section
14b is longer than the section 14 and curved at the end
16, so that the emitting elements 5 can also be installed
at a considerable distance from the light source 2.
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[0053] Finally, in both embodiments 4 and 4b, the first
end 16 of the first section 14 of the light guide 8 is integral
in one piece with a light mixing optical element 25 con-
figured to be facing, in use, the light source 2.

[0054] In the illustrated non-limiting example, the light
mixing optical element 25is preferably but not exclusively
shaped like a plate 26 and in any case is configured to
be facing, in use, a light source and is provided with a
plurality of first cylindrical lenses 27 and second cylindri-
cal lenses 28.

[0055] The cylindrical lenses 27 and 28 are oriented
atright angles to each other (at 90°) and arranged cross-
wise to one another, so as to make the beam F enter the
light guide 8 as uniformly as possible, in particular, to
compensate for the fact that normally the end 16 is not
exactly in the focus of the light source 2, particularly when
the latter consists of a battery of LEDs.

[0056] In order to easily assemble the optical system
4 (or 4b) according to the invention, this comprises (Fig-
ure 5) a channel-shaped support 29 having a C-shaped
cross-section, a bottom wall 30 of which is not pervious
to light.

[0057] The channel-shaped support 29, for example
made by moulding a synthetic plastic material not pervi-
ousto light, opaque or glossy, houses on the inside there-
of both the light guide 8 and the blade optics 9.

[0058] The light guide 8 is arranged on the side of the
bottom wall 30, for example against the latter, whereas
the blade optics 9 are arranged on the side opposite the
bottom wall 30 and substantially flush with respective lon-
gitudinal edges 31 of a pair of lateral walls 32 of the chan-
nel-shaped support 29.

[0059] The emitting elements 5 protrude in a cantilever
fashion from the channel-shaped support 29, perpendic-
ularly to the bottom wall 30.

[0060] In this way, it is possible to pre-assemble the
light guide 8 with the blade optics 9 integral therewith in
the support 29 and then, through the latter, to fix the op-
tical system 4/4b on the vehicle, directly to the bodywork
or within a housing 3 of a headlight or lamp.

[0061] Therefore, all the objects of the invention are
achieved.

Claims

1. Alight guide optical system (4; 4b) for a lighting de-
vice (1) for vehicles, the optical system comprising
a plurality of light emitting elements (5) arranged
spaced from one another along a trajectory (T) that
forms a pre-set design and configured to receive a
light beam (F) transversely to a rear face (6) thereof
and to emit said light beam through a front surface
(7) thereof opposite to and facing the rear face; char-
acterised in that it comprises: blade optics (9) made
of a material pervious to light and connecting togeth-
er all the emitting elements (5), and a total reflection
light guide (8) operatively associated with the blade
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optics (9); the blade optics (9) extending longitudi-
nally along said trajectory (T) and defining the rear
face (6) of each emitting element with part of its front
face (12), the emitting elements (5) being obtained
integrally in one piece with the blade optics (9) and
protruding in a cantilever fashion from said front face
(12) of the latter and on a side opposite to a rear face
(13) of the same; the light guide (8) being configured
to operatively cooperate with a light source (2) and
comprising a first section (14), a first end (16) of
which is configured to be directly facing the light
source, and a second section (15), arranged on a
side opposite to the firstend (16) and facing the blade
optics (9), in front of, and parallel to, the rear face
(13) of the same and separate from the latter by
means of a gap (18) having a pre-set width; the sec-
ond section (15) of the light guide being provided,
on the side opposite to the rear face (13) of the blade
optics (9), with a plurality of first light extracting op-
tical elements (19) configured to deflect the light from
the inside of the light guide (8) towards the blade
optics (9) and the rear face (13) of the latter being
provided with a plurality of second optical elements
(20) configured to define, together with said gap (18),
an airlens (21) designed to diffuse the light received
from the light guide (8) inside the emitting elements

®).

The optical system according to claim 1, character-
ised in that the light guide (8) has a preferably quad-
rangular cross-section, more preferably rectangular,
and with atleast a pair of respective rounded corners
(22) opposite to the blade optics (9), having a sub-
stantially identical width in the first (14) and in the
second (15) section and delimited by a front face
(11) facing towards the blade optics (9) and by a rear
face (10), opposite to its front face (11).

The optical system according to claim 2, character-
ised in that the rear face (10) of the light guide (8)
is provided, only along said second section (15), with
said first light extracting optical elements (19).

The optical system according to any one of the pre-
ceding claims, characterised in that the light guide
(8) and the blade optics (9) are obtained integral, in
a single piece, being composed of a same material
pervious to light, preferably consisting of a synthetic
plastic material, and being obtained in a single piece
by means of a single moulding operation.

The optical system according to one of the claims
from 1 to 3, characterised in that the light guide (8)
and the blade optics (9) are obtained as two separate
and independent elements, which have been con-
nected integrally in a single piece in any suitable
manner.
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The optical system according to one of the preceding
claims, characterised in that the front face (11) of
the light guide is immediately facing the rear face
(13) of the blade optics (9) provided with said second
optical elements (20), is separated therefrom only
by said gap (18), which is preferably constant, and
is configured as a flat and smooth face.

The optical system according to one of the preceding
claims, characterised in that the blade optics (9)
comprise: a central body (23) having a cross-section
that is also quadrangular and provided transversely
in a cantilever fashion, on the side opposite to the
light guide (8), with said emitting elements (5), said
central body (23) substantially having the same width
as the cross-section of the light guide (8); and a pair
of ends (24) opposite to one another, obtained inte-
grally in one piece with the central body (23) and
shaped, towards the light guide (8), as L-shaped
spacing feet, these feet determining said gap (18)
between the light guide and the blade optics.

The optical system according to one of the preceding
claims, characterised in that the first end (16) of
the first section (14) of the light guide (8) is provided
integrally and in one piece with a light mixing optical
element (25) configured to be facing in use towards
a light source (2); the light mixing optical element
(25) preferably comprising a plurality of first (27) and
second (28) cylindrical lenses (28), oriented at right
angles to one another and arranged crosswise to
one another.

The optical system according to one of the preceding
claims, characterised in that it comprises a chan-
nel-shaped support (29) having a C-shape in cross-
section and a bottom wall (30) of which is not pervi-
ous to light, the channel-shaped support (29) hous-
ing, on the inside thereof, the light guide (8) and the
blade optics (9), the light guide (8) on the side of the
bottom wall (30) and the blade optics (9) on the side
opposite to the bottom wall and substantially flush
with respective longitudinal edges (31) of a pair of
lateral walls (32) of the channel-shaped support (29);
the emitting elements (5) protruding in a cantilever
fashion from the channel-shaped support (29), per-
pendicularly to the bottom wall (30).

A lighting device (1) comprising an optical system
(4; 4b) according to any one of the claims from 1 to 9.

A vehicle comprising a lighting device (1), headlights
or lamps, according to claim 10.
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