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(57) Abstract: An LED indicating device (2), in particular for a vehicle instrument cluster, has a plate (2) provided with at least one
light permeable portion (3) adapted to be illuminated by a plurality of LED sources (11) arranged in a position spaced apart from
such a rear surface (13) of such a light permeable portion (3); the device has a body (20) which is arranged between the LED sources
(11) and the rear surface (13) of the light permeable portion (3) and has a first surface (21) facing the LED sources (11) and a second
surface (22) facing the rear surface (13); the body consists of a matrix (23) made of a light impermeable material and of a plurality of
light permeable elements (24), which are embedded in the matrix (23) in positions spaced apart from one another and continuously
extend from the first surface (21) to the second surface (22).
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LED INDICATING DEVICE, IN PARTICULAR FOR A VEHICLE

INSTRUMENT CLUSTER

TECHNICAL FIELD

The present invention relates to an LED indicating
device, in particular for a vehicle instrument cluster.

BACKGROUND ART

In a vehicle instrument cluster, as an alternative
to common pointer indicators, 1t is known to also use
the so-called bar-graphs, i.e. transparent areas of a
dial which have an elongated shape and are back-1it by a
row of LEDs to form a light bar having variable length.
The length of the lighted part depends on the number of
adjacent LEDs which are 1lit at a given instant and
provides visual information on a variable quantity, and
in particular about a measurement carried out in the
vehicle, e.qg. speed measurement, engine RPM, fuel
consumption, etc.

The LEDs are normally housed in respective cavities
or cells, also called “lightboxes”, which are provided
with screens to separate the LEDs from one another.

Such screens are normally orthogonal to the dial
and extend from a printed circuit board (also referred

to as PCB), which supports the LEDs, up to the lower
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surface of the dial, so as to prevent any light leakage
toward the adjacent cavities where the LEDs are off. In
the practice, due to this configuration, the back-
lighting of the bar-graph forms a set of segments, which
are spaced apart by areas which are off or in dim light,
due to the presence of the underlying screens. With this
configuration, the reading of the value measured on the
bar-graph is well defined, due to the absence of light
leakage from the 1lit segments to the dark ones. An
example of this type of solution is shown in US5949346A
(fig. 44).

However, the need 1is felt to have a bar of
continuous light, rather than in segments. In this
regard, as mentioned above, it is not possible to simply
reduce the height and/or the thickness of the screens,
as there would be an escape of light from the cavities
with LEDs on toward the dark part of the bar-graph,
therefore the visual indication of the measurement would
not be accurately perceived by the user.

DE102010009254A1 corresponds to the preamble of
claim 1 and shows a plurality of 1light conductors,
parallel to one another and housed in a body which is
arranged between an LED light source and a transparent
plate. A movable partitioning wall is then arranged

between the light source and such a body.
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Preferably, the further need is felt to implement
bar-graphs with an elongated shape which is not straight
and flat, but with an elongated shape which has a curved
pattern.

In applications other than the bar-graphs, the need
is also felt to back-light, by means of LEDs, a specific
transparent portion of the dial, and to provide one or
more bright points which can be distinguished from a
background 1lighting of the illuminated bar-graph, for
example by a different color and/or a higher 1light
intensity. Currently, no LED solutions are known which
allow to obtain a back-1lit graphic area having different
colors and/or a Dback-lit graphic area having a
homogeneous background lighting and, at the same time,
one or more inner points with higher brightness.

DISCLOSURE OF INVENTION

It 1is the object of the present invention to
provide an LED indicating device, in particular for a
vehicle instrument cluster, which allows the above needs
to be met in a simple and cost-effective manner.

According to the present invention, an LED
indicating device 1is provided, in particular for a
vehicle instrument cluster, as defined in claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described with reference
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to the accompanying drawings, which show a non-limiting

example thereof, in which:

figure 1 1is a partial front view of a wvehicle
instrument cluster provided with a preferred
embodiment of the LED indicating device
according to the present invention;

figure 2 is a section along line II-IT in figure 1
and it partially shows a diagrammatic wview on
enlarged scale of the LED indicating device of
the present invention;

figure 3 1s a partial front view of a component
visible in figure 2;

figure 4 is a further enlarged view of a detail in
figure 2;

figures 5 and 6 show respective visual effects
which may be obtained through the LED indicating
device of the present invention;

figures 7 and 8 are similar to figures 3 and 6,
respectively, and they show a variant of the LED
indicating device in figure 2; and

figures 9 and 10 are similar to figure 2 and they
show further wvariants of the LED indicating
device of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In figure 1, reference numeral 1 indicates, as a
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whole, a vehicle instrument cluster (partially shown)
comprising a dial 2 defined by a plate made of
polycarbonate, for example, and having a portion 3 which
is light permeable and which can be back-1lit to give a
user given information.

In particular, portion 3 1is defined by a window
having a shape which 1is elongated along a direction 4
(either curved or straight without distinction) and
which defines a so-called bar-graph to provide
information on a variable quantity corresponding to a
measurement carried out in the vehicle. The non-limiting
example shown relates to the amount of fuel in a tank.

Window 3 1is adjacent to a graduated scale 5, which
consists of a plurality of notches which contribute to
the reading and interpretation of the quantity indicated
by the bar-graph. In particular, window 3 extends along
direction 4 from a starting point 6, which corresponds
to a minimum value of the graduated scale 5, up to an
ending point 7, corresponding to a maximum value of the
graduated scale 5.

As diagrammatically shown 1in figure 2, window 3
forms part of an LED indicating device 10 comprising a
plurality of LED sources 11, which are supported by a
printed circuit board 12 (also referred to as PCR), are

spaced apart by a flat rear surface 13 of dial 2 and are



WO 2015/151074 PCT/IB2015/052469

10

15

20

25

arranged 1n positions spaced apart from one another
along an axis 14 which corresponds to the projection of
direction 4 on plate 12. In the particular example
shown, axes 4 and 14 are parallel since plate 2 and
board 12 are parallel, but in other solutions not shown,
plate 2 may be oriented so as to form an angle of
incidence with respect to plate 12, or it may have a
slight curvature.

LED sources 11 are arranged along one Or more rows
which are parallel to axis 14 and they are preferably
homogeneously distributed on board 12.

Board 12 1is <configured in a known manner not
described in detail to provide power supply to the LED
sources 11 and 1s controlled by a control unit 12a
(diagrammatically shown) configured to switch on/off the
LED sources 11 independently of one another, in response
to at least one input signal.

With reference to figure 1, in the specific case of
window 3 which defines a bar-graph, the control unit 12a
is configured so as to switch on the LED sources 11 one
after the other and thus 1light window 3 1in a
progression, 1in one switching on direction 16 from the
starting point 6 toward point 7, thus forming a light
bar 15 having a variable length depending on the number

of consecutive LED sources 11 which have been 1it along
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axis 14.

The light bar 15 therefore has an end 17 which has
a variable position in window 3 and, in relation to the
graduated scale 5, it provides a wvisual information of
the value measured in the vehicle. 0Of course, if only
some of the LED sources 11 are switched on, from end 17
to point 7, window 5 has a dark area 18.

In addition to this configuration, with which the
light bar 15 is formed as an indication of measurement,
the control unit 12a may be configured to also form so-
called animated effects, without the need for any
movable mechanical part. For example, by switching off
and on the LED sources 11 in sequence, it is possible to
reproduce a luminous cursor running along window 3 from
the starting point 6 to the ending point 7, or two
luminous cursors running from points 6 and 7 to a
central area of window 3. For example, an animated
effect of this type or the like may be used to provide
the driver with information indicative of the occurrence
of a check or a configuration of a component or a
restart of vehicle software.

As shown in figures 2 and 4, device 10 includes a
body 20 having a surface 21 facing the LED sources 11,
so as to receive the light emitted by the LED sources

11, and configured so as to transmit the 1light from
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surface 21 to an opposite surface 22, which faces
surface 13. Body 20 carries out the function to transmit
the 1light from the LED sources 11 to surface 13.
Advantageously, surface 21 directly faces the LED
sources 11, i.e. without interposition of intermediate
light-guiding elements or diffusive elements. Surface 21
preferably rests against the LED sources 11, but in some
applications this requirement does not affect the
functionality of device 10 (such as for a body 20
illuminated with only one color). On the other hand,
surface 21 may be specially spaced apart from the LED
sources 11 to obtain special effects, as will be
explained hereafter.

Preferably, surface 22 directly faces surface 13,
i.e. without interposition of intermediate light-guiding
elements or diffusive elements. In general, however,
between surfaces 22 and 13 it is possible to insert one
or more light permeable elements or materials configured
to create special visual effects, such as a “soft” type
effect along the edge of the light bar 15.

In the particular non-limiting example shown, when
body 20 is not deformed, surfaces 21 and 22 are parallel
to each other. As shown in figures 3 and 4, body 20
consists of a matrix 2 made of 1light impermeable

material, also called “light-blocking” material, and of
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a plurality of light permeable elements, indicated with
reference numeral 24. Elements 24 are embedded in matrix
23 1in positions transversally spaced apart from one
another and continuously extend each from surface 21 to
surface 22 to guide the light.

The elements 24 are preferably defined by
respective filaments which are parallel to one another
and, in particular, are orthogonal to surface 21.

In the example shown, such filaments are defined by
optical fibers which, as is known, are made of glassy
material, consist of a core and a skirt and are
particularly advantageous in that they are relatively
flexible.

The material of matrix 21 is preferably elastically
deformable, e.g. 1is defined by elastomeric material,
generally dark in color, so as to ensure that the light
is not spread therein. Thereby, when assembling device
10, the same body 20 having a parallelepiped shape may
be adapted to windows 3 having a non-straight shape,
different from one another, therefore the production of
body 20 may be standardized within certain limits. The
deformation of body 20 also allows 1t to be adapted to
solutions in which dial 2 1s not perfectly parallel to
board 12 and/or dial 2 is not perfectly flat.

Body 20 may be nicknamed “optical zebra”, in
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analogy to known electrical connectors called “zebra”,
given their constructive similarity. In fact, the
procedure for producing body 20 may be identical to that
provided for “zebra” electrical connectors, replacing
the electrical conductors with the filaments which
define elements 24. With this embodiment, continuous
tapes having standard widths may be obtained, which can
then be cut into bodies 20 having a parallelepiped
shape, or the shape of a strip of the desired length.

The distance Dbetween elements 24 mnust have a
minimum value sufficient for the material of matrix 23
to Dblock the scattering of 1light from any one of
elements 24 to the adjacent ones. Therefore, the minimum
value to assign to the distance between elements 24 is
closely related to the type of material used for matrix
23: for example, a material with a very low
transmittance coefficient (i.e. strongly “light-
blocking”) allows the elements 24 to be very close to
one another. On the contrary, a material with weakly
“light-blocking” features will involve a greater
distance between elements 24.

Once the above minimum distance value has been set,
diameter and density of filaments 24 on surfaces 21, 22
are determined mainly based on the size and density of

the LED sources 11 on board 12 and depending on the
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desired optical effects.

Diameter and density of filaments 24 are parameters
which influence the light intensity to be transmitted,
the homogeneity and the definition (or resolution) of
the contours of the area to be illuminated: for example,
a larger diameter of filaments 24 allows an increase in
luminance; conversely, a large number of filaments 24 of
relatively small diameter affects the luminance but
allows a Dbetter definition of the area to Dbe
illuminated.

The density of the LED sources 11 obviously
contributes to wvarying the features of homogeneity,
resolution, continuity, etc. of the area to Dbe
illuminated.

Accordingly, the right compromise Dbetween the
various parameters available must be optimally set in
the design and development step of device 10, for
example by experimental tests.

In the embodiment in figures 2 to 4, at surface 21,
each filament 24 faces a single LED source 11. For each
LED source 11, there can be provided one or more
filaments 24.

The 1light beam of each LED source 11 is thus
carried by one or more filaments 24, which are

“dedicated” to such a light beam and carry it up to



WO 2015/151074 PCT/IB2015/052469

10

15

20

25

12

window 3, without interference of light emitted by other
adjacent LED sources 11.

As shown in figure 4, due to body 20, the light is
guided from the LED sources 11 directly to window 3,
whereby the light spreads and/or is dispersed in a very
negligible manner. Therefore, body 20 allows the
contours of the illuminated area in window 3 to Dbe
defined cleanly (i.e. the end 17 of the light bar 15, in
the example shown in figures 1 and 2).

The only possibilities of spreading are given by
any empty space or “gap” between the LED sources 11 and
surface 21, by any empty space or “gap” between surfaces
22 and 13, and inside the transparent material of window
3. A slight spreading of light between surfaces 22 and
13 and/or in the material of window 3 is still
essential, since it allows a substantially continuous
lighting to be perceived in window 3, instead of
perceiving a set of bright dots defined by the ends of
filaments 24.

In order to achieve this effect, surfaces 22 and 13
are preferably spaced apart from each other: it is
sufficient to set the distance between surfaces 22 and
13 as a function of the distance between two adjacent
filaments 24 and as a function of the acceptance cone

angle of the 1light beams emitted by filaments 24 in
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order to obtain a continuous lighting on surface 13.

In order to obtain a continuous effect of the light

w rr

bar 15, it is preferable 1if the empty space or “gap
between the LED sources 11 and surface 21 is negligible.
Thereby, the light beam coming out of any one of the LED
sources 11 does not interfere with the adjacent ones.

Due to the light guiding function carried out by
body 20, it is not essential for the LED sources 11 to
be housed in cavities separated by screens. Without such
screens, the LED sources 11 can be arranged in positions
relatively close to one another compared to the prior
art.

In order to further increase the density of the LED
sources 11 on board 12, device 10 preferably uses an
advantageous arrangement 10: the LED sources 11 are
defined by respective electronic circuits or chips which
emit light using LED technology, without having any case
placed around. In other words, the LED sources 11 are
not defined by the common LEDs available on the market
and which as known consist of an emitter electronic
circuit and a corresponding case. Thereby, the LED
sources 11 may be used, which have a maximum size or
diameter of less than 25% of the size of the common LEDs

available on the market.

In this regard, by way of example, it is noted that
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LEDs are currently available on the market which are
commercially known as MINI TOPLED (registered trademark)
and comprise a case substantially shaped as a
parallelepiped, having a length of about 2.3 mm and a
width of about 1.5 mm and containing an emitter
electronic circuit: in this case, 1t 1is estimated that
the emitter electronic circuit alone may have a diameter
of about 0.375 mm. It is apparent that, with such small
sizes, 1t 1s possible to considerably increase the
surface density of the LED sources 11 on board 12
compared to the known solutions.

As shown 1in figures 5 and 6, due to the high
densities which can be obtained in the arrangement of
filaments 24 and of the LED sources 11, device 10 may be
used for back-lighting graphic areas 25a, 25b comprising
an area 26a, 26b, which can be illuminated with a
background color, and at least one area 27a, 27b which
is internal to area 26a, 26b and which can Dbe
illuminated differently, i.e. with a different color
and/or with a different light intensity.

In order to achieve these effects, one or more LED
sources 11 of device 10 have features of color and/or
intensity different from the other surrounding LED
sources 11.

According to a wvariant, rather than using LED
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sources 11 different from one another, a wvariation in
the light intensity between them 1is achieved via the
control unit 12a, which is configured not only to switch
on/off the LED sources 11 independently of one another,
but also to control a variation in the light intensity
from each LED source 11 independently of the others, in
response to one or more input signals.

In particular, the control unit 12 is configured to
vary the 1light intensity of each LED source 11 by
controlling a wvariation in the amplitude of the power
supply, or by maintaining such amplitude constant and
controlling a wvariation in the supply pulses through
PWM.

Due to the possibility of switching on/off the LED
sources 11 and, preferably, of wvarying their 1light
intensity independently, it is possible to:

- obtain a bright dot 27a which is distinguished
from a background illumination 26a, 1i.e. a so-called
marker (fig. 5);

- obtain any desired wording or information on the
graphics area 25b (fig. 6); in fact, by piloting the
switching on/off and/or the light intensity of each LED
source 11 according to the above input signals, the
control unit 12a is able to vary the number, the extent

and the shape of areas 27b compared to area 26b, in
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order to change the light information emitted by dial 2;
body 20 transfers the light image formed by the LED
sources 11 to the graphic area 25b, which actually
becomes a display whose image definition is essentially
represented by the density and diameter selected for
filaments 24 in matrix 23, and not only by the LED
sources 11 on board 12.

Therefore, one or more markers may be displayed in
the bar-graphs, logos may be illuminated also with
different colors/brightness, letters or numbers may be
illuminated, etc., optionally with flashing 1light
effects, therefore there 1is a great freedom in the
design and implementation of the instrument cluster 1.

In the variant in figures 7 and 8, the diameter and
position of filaments 24, compared to the LED sources
11, are set so that each filament 24 1is concurrently
facing:

- at least one LED source 1lla adapted to emit a
light beam in a first color (or a first light intensity)
and

- at least one LED source 1llb adapted to emit a
light beam in a second <color (or a second 1light
intensity) different from the first one.

The two LED sources 1lla and 1lb are next to each

other and are 1lit alternatively to each other, in
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response to what controlled by the control unit 12a,
since they can be piloted independently of each other.
Therefore, each filament 24 of body 20 can transmit one
or the other of the two colors (or light intensities) to
a transparent graphic area above, indicated with
reference numeral 29 and partially shown 1in figure 8.
Thereby, the various areas of the graphic area 29 can be
illuminated with different colors (or using different
light intensities).

In the wvariant in figure 9, device 10 allows a
light bar 15 with a segment effect without Jjunction line
to be obtained, i.e. a light bar consisting of a series
of adjacent areas or sectors 30, with relatively long
length, each of which 1s evenly illuminated by a
plurality of filaments 24. When they are illuminated at
the same time, the adjacent sectors appear without any
visible separation line between one and the other.

This function may be ensured by increasing the
distance between the LED sources 11 and the surface 21
of body 20 to ensure an even illumination of the set of
filaments 24 which are illuminated by every single LED
source 11 and thereby to ensure an even illumination of
each sector of the light bar 15.

In order to optimally define the extension of the

various sectors of the 1light bar 15, device 10
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preferably includes a plurality of screens 31, which are
made of a light impermeable material, cantilever from
board 12, end at surface 21 and together define a series
of cells 32, which are arranged in a succession along
axis 14 and house each at least one of the LED sources
11. The light emitted in each cell 32 is transmitted by
a plurality of filaments 24 up to surface 22, downstream
of which the light has the possibility to spread to form

a corresponding sector 30.

The distance between surfaces 13 and 22 is again
set so as to have a continuous lighting on surface 13 by
the light beams coming out of the adjacent filaments 24,
according to the distance between adjacent filaments 24
and to the acceptance cone angle. The distance between
surfaces 13 and 22 is ©preferably set so as to
illuminate, on surface 13, also the space which
corresponds to the position of the underlying screens
31, so as to avoid light discontinuity between adjacent
sectors 30 in the light bar 15.

According to the wvariant in figure 10, elements 24
of body 20 are not defined by filaments but by blocks,
for example having a parallelepiped shape. This wvariant
is advantageous when it vyou need to train, in the 3,
luminous geometric patterns with a particular shape are
to be formed in window 3. In the case of transparent
blocks shaped as a parallelepiped, for example, it is

possible to form respective 1lighted rectangles 33 1in



WO 2015/151074 PCT/IB2015/052469

10

15

20

25

19

window 3. In particular, optionally in combination with
the presence of screens 31, this device may be used to
obtain the same optical effect as a sector light bar
seen in figure 9.

In the light of the above, it is apparent that body
20 of device 10 allows the light to be guided from the
LED sources 11 to surface 13, prevent interferences by
the light emitted by nearby sources, and prevent strong
dispersion of the light which is guided, so as to obtain
a lighted area with clear contours. At the same time,
without the need for additional screens arranged between
the LED sources 11, it is possible to arrange the latter
in relatively close positions, so that all filaments 24
of body 20 are illuminated at surface 21 and are
therefore affected by the transport of light.

Thereby, a light area may be obtained, for example
a light bar 15, which is 1lit in a continuous progressive
manner rather than in segments.

At the same time, the LED sources 11 are controlled
individually, i.e. they may be switched on/off and/or
may emit light with wvariable intensity independently of
one another. Thereby, it 1s possible to have dgreat
flexibility in providing 1light information on the
graphic area: for example, a marker may be formed on a
bar-graph or device 10 may be used as any display.

Moreover, special measures may be adopted to also

obtain a segment lighting and/or special 1light effects
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and/or special patterns 1in window 3, 1f desired.
Therefore, body 20 makes the design of the graphic areas
in the instrument cluster 1 more flexible, as may be
seen for example in the applications in figures 5 to 10.

Moreover, matrix 23 and elements 24 are made of
flexible materials, it is possible to adapt body 20 to
spaces and/or Jgeometries other than those traditional
available in the prior art.

Finally, it is apparent that changes and variants
may be made to device 10 described with reference to the
accompanying figures which do not fall outside the scope
of protection of the present invention, as defined in

the appended claims.
In particular, the shape and size of body 20 may be
different from those indicated as an example; and/or the

LED sources 11 may be defined by traditional LEDs.
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CLAIMS

1.- An LED indicating device (2), in particular for a
vehicle instrument cluster, the device comprising:

- a plate (2) comprising at least one 1light permeable
portion (3);

- a plurality of LED sources (11) arranged in a position
spaced apart from a rear surface (13) of said 1light
permeable portion (3);

- light guiding means (20) interposed between said LED
sources (11) and said rear surface (13);

- control means (12a) configured so as to control the power
supply to said LED sources (11);

said light guiding means comprising a body (20) having a

first surface (21) facing said LED sources (11) and a second

surface (22) facing said rear surface (13) and consisting of:

- a matrix (23) made of a light impermeable material;

- a plurality of 1light permeable elements (24), which are
embedded in said matrix (23) and continuously extend from
said first surface (21) to said second surface (22);

characterized in that said light permeable elements (24) are

embedded in said matrix (23) in positions spaced apart from
one another.
2.— A device according to claim 1, characterized in that said

control means (12a) are configured so as to control the power
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supply to said LED sources (11) independently of one another.

3.- A device according to claim 2, characterized in that said
control means (12a) are configured so as to control the switching
on/off of said LED sources (11) independently of one another.

4.—- A device according to claim 2 or 3, characterized in that
said control means (12a) are configured so as to control a change
in the light intensity of said LED sources (11) independently of
one another.

5.- A device according to any one of the preceding claims,
characterized in that said second surface (22) is spaced apart
from said plate (2).

6.— A device according to any one of the preceding claims,
characterized in that said light permeable elements (24) are
defined by respective filaments.

7.— A device according to any one of the preceding claims,
characterized in that said light permeable elements (24) are
defined by respective optical fibers.

8.— A device according to any one of the preceding claims,
characterized in that said matrix (23) and said light permeable
elements (24) are elastically flexible.

9.- A device according to any one of the preceding claims,
characterized in that said LED sources (11) are defined by
respective caseless electronic circuits.

10.- A device according to any one of the preceding claims,
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characterized in that said second surface (22) directly faces
sald rear surface (13).

11.- A device according to any one of the preceding claims,
characterized in that said first surface (21) directly faces said
IED sources (11).

12.- A device according to claim 6, characterized in that said
filaments (24) are parallel to each other.

13.- A vehicle instrument cluster (1) comprising:

- an IED indicating device (10) according to any one of the
preceding claims and

- a dial defined by said plate (2).
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