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Description
1. Field of the invention

[0001] The present invention relates to a lighting de-
vice for illuminating tunnels, underpasses or subways,
as well as to a corresponding lighting system for illumi-
nating tunnels, underpasses or subways.

2. Technical background

[0002] From the prior art lighting devices for illuminat-
ing tunnels, underpasses or subways are well-known, for
example from documents EP 2 375 130 A1 or EP 2 148
129 A1, wherein document EP 2 148 129 A1 discloses
a lighting system comprising two light sources, wherein
the first light source is provided for the illumination of an
upper section of the tunnel and a second light source is
provided for the illumination of a lower section of a tunnel.
[0003] In view of the known prior art, it is an object of
the present invention to provide a new lighting device for
illuminating tunnels, underpasses or subways with which
a wide and homogeneous distribution of the light emitted
by the lighting device is reached. These and other ob-
jects, which become apparent upon reading the following
description, are solved by the subject-matter of the inde-
pendent claims. The dependent claims refer to preferred
embodiments of the invention.

3. Summary of the invention

[0004] According to the invention, a lighting device for
illuminating tunnels, underpasses or subways is provid-
ed, comprising: at least a first lighting arrangement for
illuminating a lower section of a tunnel, underpass or sub-
way and a second lighting arrangement for illuminating
an upper section of a tunnel, underpass or subway,
wherein at least one of the lighting arrangements com-
prises: at least one light source comprising at least one
light emitting diode; at least one reflector comprising an
essentially saddle-shaped reflection surface; wherein the
light source is arranged such that at least a part of the
emitted light is directed to the reflection surface of the
reflector; and wherein the light is reflected by the reflec-
tion surface in such a way that a wide light distribution of
the lighting device is provided at least in a direction par-
allel to a surface to be illuminated and perpendicular to
a main axis of the reflection surface.

[0005] The term saddle-shaped has to be understood
as any structure having a mainly rounded shape with an
elevated area and two laterally arranged indentations
(i.e. two minima in the reflection surface) extending there
from, thereby providing a surface/structure commonly
known from a saddle.

[0006] By means of an arrangement comprising the
above-mentioned at least one light source, which is pref-
erably arranged/mounted at a central area with respect
to the reflection surface, and the above-mentioned spe-
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cifically shaped reflector a wide light distribution (i.e. a
relatively broad light distribution) in a direction parallel to
the surface to be illuminated and perpendicular to a main
axis of the reflection surface (e.g. a symmetry line of the
saddle-shaped reflection surface) can be provided.
Moreover, the present invention provides a lighting de-
vice with which in principle the entire cross-section of a
tunnel can be illuminated with only one lighting device.
[0007] Preferably, both the first lighting arrangement
and the second lighting arrangement comprise: at least
one light source comprising at least one light emitting
diode; at least one reflector comprising an essentially
saddle-shaped reflection surface; wherein the light
source is arranged such that at least a part of the emitted
light is directed to the reflection surface of the reflector.
Thereby, both the upper portion and the lower portion of
atunnel can beilluminated with a wide and homogeneous
light distribution.

[0008] Preferably, the reflection surface is mirror sym-
metrical with respect to the main axis of the reflection
surface. Thereby, an essentially homogenous distribu-
tion of the light emitted by the lighting device can be pro-
vided in a direction parallel to the surface to be illuminat-
ed.

[0009] Itis preferred thatin top view, the reflection sur-
face has a shape corresponding to a sector of a circle,
preferably having an interior angle between 90° and 220°
DEG, more preferably between 150° and 200° DEG, and
even more preferably between 170° and 190° DEG. ltis
further preferred that in top view, the main axis of the
reflection surface (i.e. the center of the elevated area)
halves the reflection surface.

[0010] At least two indentations/minima of the reflec-
tion surface are provided at an angle between +/- 50°
and +/- 90° DEG, preferably between +/- 60° and +/-85°
DEG, and more preferably between +/- 70° and +/- 80°
DEG with respect to the main axis of the reflection sur-
face. By the positions of the minima (i.e. the indentations),
the maximum width (i.e. the maximum angle) of the light
distribution in a direction parallel to a surface to be illu-
minated and perpendicular to the main axis of the reflec-
tion surface is provided.

[0011] Itis further preferred that the reflection surface
does not comprise any jump discontinuities. Thereby, it
is possible to provide a relatively homogenous light dis-
tribution, since thereby no overlap of the emitted light
occurs.

[0012] Preferably, in top view, the light is distributed
with an angle greater than +/-50° DEG preferably greater
than +/- 70° DEG, and more preferably greater than +/-
75° DEG with respect to the main axis of the reflection
surface. In other words, the light is essentially distributed
over the entire shape of the reflection surface (i.e. over
the entire sector of a circle).

[0013] Preferably, perpendicular to the surface to be
illuminated, the light is distributed with an angle greater
than 60° DEG preferably greater than 70° DEG, and more
preferably greater than 80° DEG, and most preferably
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the light is distributed with an angle of about 85° DEG;
preferably measured at most from a horizontal plane
downwards. Thereby, not only a wide light distribution of
the lighting device in a direction parallel to a surface to
be illuminated and perpendicular to the main axis of the
reflection surface can be provided, but also a wide light
distribution perpendicular to the surface to be illuminated
can be provided.

[0014] Itis further preferred that adjacent to the reflec-
tor at least one baffle is arranged, wherein the at least
one baffle preferably comprises an inward reflection sur-
face for redirecting light to the reflection surface of the
reflector. The baffle is preferably arranged such that it at
least partially surrounds the light source in a horizontal
plane and, if necessary, also above the light source (i.e.
opposite to the reflection surface with respect to the light
source). By means of the inward reflection surface, the
respective part of the emitted light is redirected to the
reflection surface, thereby further usable for an illumina-
tion. Notably, depending on the respective application,
further baffles can be used for adjusting the shape and
dimension of the emitted light.

[0015] Preferably, the lighting device comprises a
housing in which the reflector and the at least one light
source are housed. Preferably, the reflection surface is
arranged (preferably downwards) inclined (e.g. in the
housing) with its main - axis with respect to the horizontal
plane, preferably with an angle between 20° and 60°
DEG, more preferably between 30° and 50° DEG and
most preferably between 35° and 45° DEG. Notably,
many experiments have been carried out in order to es-
tablish that the above-mentioned light distribution ranges
can be provided using a saddle-shaped reflection surface
which is arranged inclined with respect to the horizontal
line, wherein a respective angle is dependent from the
mounting height of the lighting device and from the re-
spective surface to be illuminated.

[0016] Further, itis preferred that the light source is a
directional light source emitting light essentially only in
the direction to the reflection surface of the reflector.
Thereby, lightlosses can be minimized and also any daz-
zling of a vehicle driver can be avoided.

[0017] Preferably, the at least one light source is ar-
ranged above the main axis of the reflection surface, pref-
erably in the center of the sector of a circle. The light
source preferably comprises a high brightness light emit-
ting diode, a light emitting diode, a ray/cluster and/or a
chip on board light emitting diode arrangement. By such
an arrangement of the light source above the main axis,
the light emitted by the light source is split and widen by
means of the reflection surface, wherein about a half of
the emitted light is directed to each symmetry part of the
reflection surface. However, it can be further preferred
that the lighting device comprises at least two light sourc-
es arranged with an offset with respect to the main axis
of the reflection surface such that each light source emits
light to a half of the mirror symmetrical shaped reflection
surface. Thereby, it is possible to assign respective light
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sources to a specific part of the reflection surface, where-
in thereby an essentially homogenous distribution of the
emitted light is still provided. Such an arrangement also
provides the possibility to increase the light quantity emit-
ted by a lighting device.

[0018] The present invention further relates to a light-
ing system for illuminating tunnels, underpasses or sub-
ways comprising a lighting device as explained above.

4. Description of the preferred embodiments

[0019] In the following, the invention is described ex-
emplarily with reference to the enclosed figures in which

is a schematic cross-section view of a first
embodiment of the invention;

Figure 1

is a schematic cross-section view of a sec-
ond embodiment of the invention;

Figure 2

Figure 3 is a schematic view of a reflector compris-
ing an essentially saddle-shaped reflection
surface;

Figure 4 is a schematic top view of the reflector

shown in figure 3;

is a schematic side view of the reflector
shown in figure 3;

Figure 5

Figure 6 is a cross-section view along a main axis

of the reflection surface;
Figure 7 is a schematic top view of the reflector
shown in figure 3 together with a light
source arranged thereby;
Figure 8 is a schematic view of a light distribution
obtained by a using the reflector shown in
figure 3;
Figure 9 is a schematic view of a light distribution of
the first embodiment of the invention
shown in figure 1;
Figure 10 is a schematic view of a light distribution of
the second embodiment of the invention
shown in figure 2;

[0020] Figure 1is a schematic view of a first embodi-
ment of a lighting device 100 comprising a first lighting
arrangement 101 and a second lighting arrangement
102, wherein the first lighting arrangement 101 is provid-
ed toilluminate alower section of a tunnel and the second
lighting arrangement 102 is provided to illuminate an up-
per section of a tunnel. The lighting arrangements 101,
102 respectively comprise a reflector 120, 125 and an
associated light source module 220, 225. As can further
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be taken from figure 1, in front of the second lighting
arrangement 102 a baffle 140 is arranged preventing that
lightis emitted dazzling a vehicle driver. Notably, the light-
ing arrangements 101, 102 of the lighting device 100 are
oriented to the same side sharing one optical enclosure
104 (i.e. a transparent housing part) which can be pro-
vided by an integral part or by two separate parts. More-
over, inthe shown preferred embodiment, the two lighting
arrangements 101, 102 have, in principle, a similar struc-
ture.

[0021] Figure 2 is a schematic view of a second em-
bodiment of a lighting device 100’ comprising a first light-
ing arrangement 101’ and a second lighting arrangement
102'. Also here, the first lighting arrangement 1071’is pro-
vided to illuminate a lower section of a tunnel and the
second lighting arrangement 102’ is provided to illumi-
nate an upper section of a tunnel. The lighting arrange-
ments 101°, 102’ respectively comprise a reflector 120’,
125’ and an associated light source module 220, 225. In
contrast to the lighting device 100 shown in figure 1, the
first and second lighting arrangements 101’, 102’ of the
lighting device 100’ shown in figure 2 are not oriented to
the same side, but to opposite sides. However, as the
case maybe, both arrangements can be oriented as de-
sired by the respective illumination requirements. More-
over, due to the shown orientation, no baffle is required
in order to prevent a dazzling of a vehicle driver. In figures
9 and 10 the illumination distribution of the different ori-
entation of the second lighting arrangements 102, 102’
are illustrated.

[0022] The firstlighting arrangements 101, 101’ of the
lighting devices 100, 100’ distribute light vertically (i.e.
perpendicular) to the surface to be illuminated (i.e. on
the road) with an angle 135 greater than 60° DEG. In
other embodiments of the lighting device, light can be
distributed in such direction with an angle preferably
greater than 70° DEG and more preferably greater than
80° DEG, and most preferably, the light is distributed with
an angle of 85° DEG. Preferably, this angle is measured
from a horizontal plane downwards. Notably, the angle
of the light distribution perpendicular to the surface to be
illuminated can be adjusted by means of the inclined ar-
rangement of the reflector 120 and/or by means of the
specific geometry of the reflector 120 (e.g. by means of
the specific height of the elevation) and/or by further op-
tical means like a baffle as described in the following.
[0023] The lighting devices 100, 100" are adapted to
be mounted at a height of about 0.95 m. Notably, the
lighting devices 100, 100’ are preferably mounted at a
height lower than the height of a driver of a vehicle, such
that the driver is not dazzled by any light laterally emitted
by the lighting devices 100, 100’. However, to ensure that
a driver is not dazzled by a lateral light, the lighting de-
vices 100, 100’ can comprise one or more of the baffles
140, preferably arranged at least partially surrounding
the light source.

[0024] Notably, depending on the occurring heat en-
ergy, the frame of the lighting devices 100, 100’ can be
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provided as a heat sink (e.g. by providing the frame from
a metallic material). Moreover, if needed, further heat
sinks can be provided within the housing of the lighting
devices 100, 100’

[0025] Figure 3 shows a schematic view of a reflector
used in the preferred embodiments of the invention,
wherein exemplarily the reflector 120 arranged in the first
lighting arrangement 101 of the lighting device 100 is
explained. According to the invention, at least the first
lighting arrangements 101, 101’ provided to illuminate a
lower section of a tunnel comprise such a reflector 120,
wherein it is preferred that also the second lighting ar-
rangements 102, 102’ comprise such a saddle-shaped
reflector (but not necessarily identical with the saddle-
shaped reflector 120).

[0026] As can be taken from figure 3, the reflector 120
comprises an upper reflection surface 150 having an es-
sentially saddle-shape surface. Notably, the term saddle-
shape according to the present invention is to be under-
stood as a structure having a kind of a wave form with a
wave crest (i.e. provided by the elevation) positioned at
the main axis 160 and two laterally arranged wave
troughs (i.e. provided by indentations), wherein the wave
crest and the wave troughs convert together, preferably
at a central section 170 of the reflection

[0027] Figure 4 is a schematic top view of the reflector
120. As can be taken from figure 4, the reflection surface
150 has a shape corresponding to a sector of a circle
having a center point in the center section 170, wherein
in the shown preferred embodiment, the sector of a circle
has an interior angle of about 190° DEG (indicated by
the angle 180). Preferably, this interior angle is between
90° and 220° DEG, more preferably between 150° and
200° DEG, and even more preferably between 170° and
190° DEG. As already mentioned, by the positions of the
minima (i.e. the indentations), the maximum width (i.e.
the maximum angle) of the light distribution in a direction
parallel to a surface to be illuminated and perpendicular
to the main axis of the reflection surface is provided.
[0028] As can be further taken from figure 4, the re-
flection surface 150 is preferably mirror symmetrical with
respect to the main axis 160 of the reflection surface 150.
[0029] Infigure 4,the minima (i.e. the indentations) are
highlighted by auxiliary lines 190. Thus, in the shown
preferred embodiment, the two minima are provided at
an angle of about +/- 80° DEG with respect to the main
axis 160 of the reflection surface 150. Notably, in case a
light source is arranged above the central section 170 of
the reflection surface 150, light is essentially distributed
between both minima, thus providing in the preferred em-
bodiment a light distribution in a direction parallel to a
surface to be illuminated and perpendicular to the main
axis 160 of the reflection surface 150 with an angle of
about 160° DEG. However, depending on the specific
application, the minima can be provided at an angle be-
tween +/- 50° and +/- 90° DEG, preferably between +/-
60° and +/- 85° DEG, and more preferably between +/-
70° and +/- 80° DEG with respect to the main axis 160
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of the reflection surface. Thereby, a wide and homoge-
neous light distribution can be achieved, preferably with
an angle greater than +/- 50° DEG, preferably greater
than +/- 70° DEG, and even more preferably greater than
+/-75° DEG.

[0030] Figure 5 is a side view of the reflector 120 as
shown in figures 4. As can be taken from figure 5, the
reflection surface 150 does not comprise any jump - dis-
continuities. In fact, starting from a rearward edge 200,
the outer circumference of the reflection surface 150 runs
downwards to the shown minimum and runs subsequent-
ly upwards to the front-tip 210 of the reflection surface
150. Since in the preferred embodiment, the reflection
surface 150 is mirror symmetrical with respect to the main
axis 160, the circumference at the not shown other side
is equally provided.

[0031] Figure 6 is a cross-section view along the main
axis 160 of the reflection surface 150. As can be taken
from figure 6, the main axis 160 is provided by a flat curve
slightly directed downwardly from the rear edge 200 to a
minimum and then slightly directed upwardly to the front-
tip 210.

[0032] Figure 7 is a schematic top view of the reflector
120, wherein above the center section 170 of the reflec-
tion surface 150, a light module 220 comprising a high
brightness light emitting diode is arranged. The light mod-
ule 220 is preferably a light source having only a direc-
tional light emitting light essentially only in the direction
to the reflection surface 150 of the reflector 120. Howev-
er, as an alternative or in addition also a radiator having
a spherical light emission can be used. Notably, the use
of a high brightness light emitting diode preferred, how-
ever, also light emitting diode arrays/clusters and/or chip
on board light emitting diode arrangements can be used
depending on the specific application. As an alternative
or in addition to the arrangement of the light module 220
above the center section (i.e. above the main axis 160
ofthe reflection surface 150), itis also possible to arrange
two light sources with an offset with respect to the main
axis 160 such that each light source emits light to a pre-
determined area of the reflection surface 150 (e.g. one
light source is arranged slightly left of the main axis 160
and a further light source is arranged slightly right of the
main axis 160) such that the emitted light of each light
sources is directed and assigned to a half of the mirror
symmetrical shaped reflection surface 150. Figure 8 il-
lustrates a light distribution obtained by a using the re-
flector 120.

[0033] Figure 9 is a schematic view of the light distri-
bution provided by the lighting device 100. As can be
taken from figure 9, the lighting device 100 having two
lighting arrangements 101, 102 oriented in the same di-
rection can be preferably used in case the tunnel has a
curved upper section.

[0034] Figure 10 is a schematic view of the light distri-
bution provided by the lighting device 100’. As can be
taken from figure 10, the lighting device 100" having two
lighting arrangements 101, 102 oriented in opposite di-
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rections can be preferably used in case the tunnel has a
planar upper section.

[0035] It should be clear to a skilled person that the
above shown embodiments are preferred embodiments,
but that, however, also different shapes of the reflection
surface can be used, as long as the shape of the reflection
surface is essentially saddle-shaped. In particular, the
specific use of a lighting device may require that the re-
flection surface has to be provided with different gradi-
ents, thereby adjusting the emitting light cone. Moreover,
even if it is preferred that the reflection surface does not
comprise any jump discontinuities, the reflection surface
may be provided by discrete surface areas, as long as
the transitions between these areas provide an essen-
tially uniform distribution of the light.

Claims

1. Lighting device (100; 100’°) for illuminating tunnels,
underpasses or subways, comprising:

- at least a first lighting arrangement (101; 101’)
for illuminating a lower section of a tunnel, un-
derpass or subway and a second lighting ar-
rangement (102; 102’) for illuminating an upper
section of a tunnel, underpass or subway,
wherein atleastone of the lighting arrangements
(101, 102; 101°, 102’) comprises:

- at least one light source (220, 225; 220’, 225’)
comprising at least one light emitting diode;

- atleastone reflector (120, 125; 120, 125’) com-
prising an essentially saddle-shaped reflection
surface (150);

wherein the light source (220) is arranged such
that atleast a part of the emitted light is directed
to the reflection surface (150) of the reflector
(120, 125; 120, 125’); and wherein the light is
reflected by the reflection surface (150) in such
a way that a wide light distribution of the lighting
device is provided at least in a direction parallel
to a surface to be illuminated and perpendicular
to a main axis (160) of the reflection surface
(150),

- wherein the reflection surface (150) of the re-
flector (120, 125; 120°, 125’) comprises at least
two minima (190) provided at an angle between
+/-50° and +/- 90° DEG with respect to the main
axis (160) of the reflection surface (150).

2. Lighting device (100; 100’) according to claim 1,
wherein both the first lighting arrangement (101;
101’) and the second lighting arrangement (102;
102’) comprise:

- at least one light source (220, 225; 220’, 225’)
comprising at least one light emitting diode;
- atleastone reflector (120, 125; 120, 125’) com-
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prising an essentially saddle-shaped reflection
surface (150);

wherein the light source (220, 225; 220’, 225’) is ar-
ranged such that at least a part of the emitted light
is directed to the reflection surface (150) of the re-
flector (120, 125; 120°, 125’).

Lighting device (100, 100’) according to any of the
preceding claims, wherein the lighting arrangements
(101, 102; 101°, 102’) are oriented to the same di-
rection or to opposite directions.

Lighting device (100; 100’) according to claim 1 or
2, wherein the reflection surface (150) is mirror sym-
metrical with respect to its main axis (160).

Lighting device (100; 100’) according to any of the
preceding claims, wherein in top view the reflection
surface (150) has a shape corresponding to a sector
of a circle, preferably having an interior angle be-
tween 90° and 220° DEG, more preferably between
150° and 200° DEG, and even more preferably be-
tween 170° and 190° DEG.

Lighting device (100; 100’) according to any of the
preceding claims, wherein the at least two minima
(190) are provided at an angle, between +/- 60° and
+/-85° DEG, and preferably between +/- 70° and +/-
80° DEG with respect to the main axis (160) of the
reflection surface (150).

Lighting device (100; 100’) according to any of the
preceding claims, wherein the reflection surface
(150) does not comprise any jump discontinuities.

Lighting device (100; 100’) according to any of the
preceding claims, wherein the reflector (120, 125;
120, 125’) is designed and arranged such that in top
view, the light is distributed with an angle greater
than +/- 50° DEG, preferably greater than +/- 70°
DEG, and more preferably greater than +/- 75° DEG
with respect to the main axis (160) of the reflection
surface (150).

Lighting device (100; 100’) according to any of the
preceding claims, wherein the reflector (120, 125;
120’, 125’) is designed such that perpendicular to
the surface to be illuminated, the light is distributed
with an angle greater than 60° DEG, preferably
greater than 70° DEG, and more preferably greater
than 80° DEG, and most preferably the light is dis-
tributed with an angle of about 85° DEG.

Lighting device (100; 100’) according to any of the
preceding claims, wherein adjacent to at least one
of the reflectors (125) at least one baffle (140) is ar-
ranged at least partially surrounding the light source
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1.

12.

13.

14.

15.

16.

17.

preferably in a horizontal plane, wherein the at least
one baffle (140) preferably comprises an inward re-
flection surface for redirecting light to the reflection
surface (150) of the reflector (125).

Lighting device (100; 100’) according to any of the
preceding claims, wherein the lighting device (100;
100’) comprises a housing in which the reflector
(120, 125; 120, 125’)and the atleast one light source
(220, 225; 220’, 225’) are housed.

Lighting device (100; 100’) according to any of the
preceding claims, wherein the reflector (120, 125;
120’, 125’) is arranged inclined with its main axis
(160) with respect to the horizontal plane, preferably
with an angle between +/-20° and +/-60° DEG, more
preferably between +/- 30° and +/- 50° DEG and
most preferably between +/- 35° and +/- 45° DEG.

Lighting device (100; 100’) according to any of the
preceding claims, wherein the light source (220, 225;
220, 225’) is a directional light source emitting light
essentially only in the direction to the reflection sur-
face (150) of the reflector (120,125; 120°, 125’).

Lighting device (100; 100’) according to any of the
preceding claims, wherein the at least one light
source (220, 225; 220’, 225’) is arranged above the
main axis (160) of the reflection surface (150), pref-
erably in the center of the sector of a circle.

Lighting device (100; 100’) according to any of the
preceding claims, wherein the lighting device (100;
100’) comprises at least two light sources arranged
with an offset with respect to the main axis (160) of
the reflection surface (150) such that each light
source emits light to a predetermined area of the
reflection surface (150).

Lighting device (100; 100’) according to any of the
preceding claims, wherein the light source (220, 225;
220, 225’) comprises a high brightness light emitting
diode, a light emitting diode array/cluster, a color
module and/or a chip on board light emitting diode
arrangement, wherein optionally the lighting device
further comprises diffuser means like diffuser plates,
discs or chambers.

Lighting system for illuminating tunnels, underpass-
es or subways, comprising a lighting device (100;
100’) according to any of the claims 1 to 16.

Patentanspriiche

1.

Beleuchtungsvorrichtung (100; 100’) zur Beleuch-
tung von Tunneln, Unterfiihrungen oder FulRganger-
tunneln, umfassend:
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- mindestens eine erste Beleuchtungsanord-
nung (101; 101’) zum Beleuchten eines unteren
Abschnitts eines Tunnels, einer Unterfihrung
oder eines FuRgangertunnels und eine zweite
Beleuchtungsanordnung (102; 102’) zum Be-
leuchten eines oberen Abschnitts eines Tun-
nels, einer Unterflihrung oder eines FuRganger-
tunnels, wobei mindestens eine der Beleuch-
tungsanordnungen (101, 102; 101’, 102’) um-
fasst:

- mindestens eine Lichtquelle (220, 225; 220,
225’), die mindestens eine Leuchtdiode um-
fasst;

- mindestens einen Reflektor (120, 125; 120,
125’), der eine im Wesentlichen sattelférmige
Reflexionsflache (150) umfasst;

wobei die Lichtquelle (220) derart angeordnet
ist, dass mindestens ein Teil des emittierten
Lichts auf die Reflexionsflache (150) des Re-
flektors (120, 125; 120°, 125’) gerichtet ist; und
wobei das Licht von der Reflexionsflache (150)
derart reflektiert wird, dass eine breite Lichtver-
teilung der Beleuchtungsvorrichtung mindes-
tens in einer Richtung parallel zu einer zu be-
leuchtenden Oberflache und senkrecht zu einer
Hauptachse (160) der Reflexionsflache (150)
bereitgestellt wird,

- wobei die Reflexionsflache (150) des Reflek-
tors (120, 125; 120°, 125’) mindestens zwei Mi-
nima (190) umfasst, die in einem Winkel zwi-
schen +/-50° und +/-90° Grad in Bezug auf die
Hauptachse (160) der Reflexionsflache (150)
bereitgestellt werden.

Beleuchtungsvorrichtung (100; 100’) nach Anspruch
1, wobei sowohl die erste Beleuchtungsanordnung
(101; 101°) als auch die zweite Beleuchtungsanord-
nung (102; 102’) umfassen:

- mindestens eine Lichtquelle (220, 225; 220,
225’), die mindestens eine Leuchtdiode um-
fasst;

- mindestens einen Reflektor (120, 125; 120,
125’), der eine im Wesentlichen sattelférmige
Reflexionsflache (150) umfasst;

wobei die Lichtquelle (220, 225; 220’, 225’) der-
art angeordnet ist, dass mindestens ein Teil des
emittierten Lichts auf die Reflexionsflache (150)
des Reflektors (120, 125; 120°, 125’) gerichtet
ist.

Beleuchtungsvorrichtung (100, 100’) nach einem der
vorstehenden Anspriiche, wobei die Beleuchtungs-
anordnungen (101, 102; 101°, 102’) in die gleiche
Richtung oder in entgegengesetzte Richtungen aus-
gerichtet sind.

Beleuchtungsvorrichtung (100; 100’) nach Anspruch
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10.

1.

1 oder 2, wobei die Reflexionsflache (150) spiegel-
symmetrisch zu ihrer Hauptachse (160) ist.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei die Reflexionsfla-
che (150) in Draufsicht eine einem Kreissektor ent-
sprechende Form aufweist, vorzugsweise mit einem
Innenwinkel zwischen 90° und 220° Grad, mehr be-
vorzugt zwischen 150° und 200° Grad und noch
mehr bevorzugt zwischen 170° und 190° Grad.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei die mindestens
zwei Minima (190) in einem Winkel zwischen +/-60°
und +/-85° Grad und vorzugsweise zwischen +/-70°
und +/-80° Grad in Bezug auf die Hauptachse (160)
der Reflexionsflache (150) bereitgestellt werden.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei die Reflexionsfla-
che (150) keine Sprungstellen umfasst.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei der Reflektor (120,
125; 120°, 125’) derart gestaltet und angeordnet ist,
dass das Lichtin Draufsicht mit einem Winkel gréRer
als+ /-50° Grad, vorzugsweise grofer als +/-70°
Grad und mehr bevorzugt gréRer als +/-75° Grad in
Bezug auf die Hauptachse (160) der Reflexionsfla-
che (150) verteilt wird.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei der Reflektor (120,
125; 120°, 125’) derart gestaltet ist, dass das Licht
senkrecht zu der zu beleuchtenden Oberflache mit
einem Winkel gréRer als 60° Grad, vorzugsweise
groRer als 70° Grad und mehr bevorzugt gréRer als
80° Grad verteilt wird, und am meisten bevorzugt
das Licht miteinem Winkel von etwa 85° Grad verteilt
wird.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei angrenzend an
mindestens einen der Reflektoren (125) mindestens
eine Blende (140) die Lichtquelle vorzugsweise in
einer horizontalen Ebene teilweise umgebend ange-
ordnet ist, wobei die mindestens eine Blende (140)
vorzugsweise eine nach innen gerichtete Reflexi-
onsflache zum Umlenken von Licht zu der Reflexi-
onsflache (150) des Reflektors (125) umfasst.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei die Beleuchtungs-
vorrichtung (100; 100’) ein Gehduse umfasst, in dem
der Reflektor (120, 125; 120’, 125’) und die mindes-
tens eine Lichtquelle (220, 225; 220’°, 225’) unterge-
bracht sind.
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Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei der Reflektor (120,
125; 120°, 125’) mit seiner Hauptachse (160) in Be-
zug auf die horizontale Ebene geneigt angeordnet
ist, vorzugsweise mit einem Winkel zwischen +/-20°
und +/-60° Grad, mehr bevorzugt zwischen +/-30°
und +/-50° Grad und am meisten bevorzugt zwi-
schen +/-35° und +/-45° Grad.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei die Lichtquelle
(220, 225; 220’, 225’) eine gerichtete Lichtquelle ist,
die Lichtim Wesentlichen nur in Richtung der Refle-
xionsflache (150) des Reflektors (120, 125; 120’,
125’) emittiert.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei die mindestens ei-
ne Lichtquelle (220, 225; 220’, 225’) oberhalb der
Hauptachse (160) der Reflexionsflache (150), vor-
zugsweise im Mittelpunkt eines Kreissektors, ange-
ordnet ist.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei die Beleuchtungs-
vorrichtung (100; 100’) mindestens zwei Lichtquel-
len umfasst, die in Bezug auf die Hauptachse (160)
der Reflexionsflache (150) derart versetzt angeord-
net sind, dass jede Lichtquelle Licht auf einen vor-
bestimmten Bereich der Reflexionsflache (150)
emittiert.

Beleuchtungsvorrichtung (100; 100’) nach einem der
vorstehenden Anspriiche, wobei die Lichtquelle
(220, 225; 220, 225’) eine Leuchtdiode mit hoher
Helligkeit, ein Leuchtdiodenarray/-cluster, ein Farb-
modul und/oder eine Chip-on-Board-Leuchtdioden-
anordnung umfasst, wobei die Beleuchtungsvorrich-
tung optional ferner Diffusormittel wie Diffusorplat-
ten, -scheiben oder -kammern umfasst.

Beleuchtungssystem zur Beleuchtung von Tunneln,
Unterfihrungen oder Fuflgangertunneln, umfas-
send eine Beleuchtungsvorrichtung (100; 100’) nach
einem der Anspriiche 1 bis 16.

Revendications

1.

Dispositif d’éclairage (100 ; 100’) pour éclairer des
tunnels, passages souterrains ou métros,
comprenant :

- au moins un premier agencement d’éclairage
(101 ; 101°) pour éclairer une section inférieure
d’un tunnel, passage souterrain ou métro et un
deuxiéme agencement d’éclairage (102 ; 102’)
pour éclairer une section supérieure d’un tunnel,
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passage souterrain ou métro, dans lequel au
moins I'un des agencements d’éclairage (101,
102 ; 101°, 102’) comprend :

- au moins une source de lumiere (220, 225 ;
220°, 225’) comprenant au moins une diode
électroluminescente ;

- au moins un réflecteur (120, 125 ; 120, 125’)
comprenant une surface de réflexion sensible-
ment en forme de selle (150) ;

dans lequel la source de lumiére (220) est agen-
cée de telle sorte qu’au moins une partie de la
lumiere émise est dirigée vers la surface de ré-
flexion (150) du réflecteur (120, 125; 120,
125’) ; etdans lequel la lumiére est réfléchie par
la surface de réflexion (150) d’'une maniere telle
qu’une distribution large de lumiére du dispositif
d’éclairage est fournie au moins dans une direc-
tion paralléle a une surface a éclairer et perpen-
diculaire a un axe principal (160) de la surface
de réflexion (150),

- dans lequel la surface de réflexion (150) du
réflecteur (120, 125; 120°, 125’) comprend au
moins deux minima (190) fournis a un angle en-
tre +/- 50° et +/- 90° DEG par rapport a I'axe
principal (160) de la surface de réflexion (150).

Dispositif d’éclairage (100 ; 100°) selon la revendi-
cation 1, dans lequel tant le premier agencement
d’éclairage (101 ; 101°) que le deuxieme agence-
ment d’éclairage (102 ; 102’) comprennent :

- au moins une source de lumiere (220, 225 ;
220°, 225’) comprenant au moins une diode
électroluminescente ;

- au moins un réflecteur (120, 125 ; 120, 125’)
comprenant une surface de réflexion sensible-
ment en forme de selle (150) ;

dans lequel la source de lumiere (220, 225 ;
220, 225’) est agencée de telle sorte qu'au
moins une partie de la lumiére émise est dirigée
vers la surface de réflexion (150) du réflecteur
(120, 125 ; 1207, 125’).

Dispositif d’éclairage (100, 100’) selon I'une quel-
conque des revendications précédentes, dans le-
quel les agencements d’éclairage (101, 102 ; 101°,
102’) sont orientés vers la méme direction ou vers
des directions opposées.

Dispositif d’éclairage (100 ; 100°) selon la revendi-
cation 1 ou 2, dans lequel la surface de réflexion
(150) présente une symétrie de miroir par rapport a
son axe principal (160).

Dispositif d’éclairage (100 ; 100’) selon I'une quel-
conque des revendications précédentes, dans le-
quel en vue de haut la surface de réflexion (150) a
une forme correspondant a un secteur d’'un cercle,
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ayant de préférence un angle intérieur entre 90° et
220° DEG, plus préférablement entre 150° et 200°
DEG et encore plus préférablement entre 170° et
190° DEG.

Dispositif d’éclairage (100 ; 100’) selon l'une quel-
conque des revendications précédentes, dans le-
quel les au moins deux minima (190) sont fournis a
un angle, entre +/- 60° et +/- 85° DEG et de préfé-
rence entre +/- 70° et +/- 80° DEG par rapport a I'axe
principal (160) de la surface de réflexion (150).

Dispositif d’éclairage (100 ; 100’) selon l'une quel-
conque des revendications précédentes, dans le-
quel la surface de réflexion (150) ne comprend aucu-
ne discontinuité de saut.

Dispositif d’éclairage (100 ; 100’) selon l'une quel-
conque des revendications précédentes, dans le-
quel le réflecteur (120, 125 ; 120°, 125’) est congu et
agenceé de telle sorte qu’en vue de haut, la lumiére
estdistribuée avec un angle supérieur a +/-50° DEG,
de préférence supérieur a +/- 70° DEG et plus pré-
férablement supérieur a +/- 75° DEG par rapport a
I'axe principal (160) de la surface de réflexion (150).

Dispositif d’éclairage (100 ; 100’) selon l'une quel-
conque des revendications précédentes, dans le-
quel le réflecteur (120, 125 ; 120°, 125’) est congu
de telle sorte qu’il est perpendiculaire a la surface a
éclairer, la lumiére est distribuée avec un angle su-
périeur a 60° DEG, de préférence supérieur a 70°
DEG et plus préférablement supérieur a 80° DEG et
le plus préférablement la lumiére est distribuée avec
un angle d’environ 85° DEG.

Dispositif d’éclairage (100 ; 100’) selon l'une quel-
conque des revendications précédentes, dans le-
quel adjacent a au moins I'un des réflecteurs (125)
au moins un déflecteur (140) est agencé entourant
au moins partiellement la source de lumiére de pré-
férence dans un plan horizontal, dans lequel I'au
moins un déflecteur (140) comprend de préférence
une surface de réflexion vers'intérieur pour rediriger
la lumiére vers la surface de réflexion (150) du ré-
flecteur (125).

Dispositif d’éclairage (100 ; 100’) selon l'une quel-
conque des revendications précédentes, dans le-
quel le dispositif d’éclairage (100 ; 100’) comprend
un logement dans lequel le réflecteur (120, 125;
120, 125’) et 'au moins une source de lumiére (220,
225 ; 220, 225’) sont logés.

Dispositif d’éclairage (100 ; 100’) selon l'une quel-
conque des revendications précédentes, dans le-
quel le réflecteur (120, 125 ; 120, 125’) est agencé
incliné avec son axe principal (160) par rapport au
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13.

14.

15.

16.

17.

plan horizontal, de préférence avec un angle entre
+/-20° et +/- 60° DEG, plus préférablement entre +/-
30° et +/- 50° DEG et le plus préférablement entre
+/- 35° et +/- 45° DEG.

Dispositif d’éclairage (100 ; 100’) selon I'une quel-
conque des revendications précédentes, dans le-
quel la source de lumiere (220, 225 ; 220’, 225’) est
une source de lumiere directionnelle émettant sen-
siblement de la lumiére seulement dans la direction
vers la surface de réflexion (150) du réflecteur (120,
125;120’, 125).

Dispositif d’éclairage (100 ; 100’) selon I'une quel-
conque des revendications précédentes, dans le-
quel 'au moins une source de lumiere (220, 225 ;
220, 225’) est agencée au-dessus de I'axe principal
(160) de la surface de réflexion (150), de préférence
dans le centre du secteur d’un cercle.

Dispositif d’éclairage (100 ; 100’) selon I'une quel-
conque des revendications précédentes, dans le-
quel le dispositif d’éclairage (100 ; 100’) comprend
au moins deux sources de lumiére agencées avec
un décalage par rapport a I'axe principal (160) de la
surface de réflexion (150) de telle sorte que chaque
source de lumiere émet de la lumiére vers une zone
prédéterminée de la surface de réflexion (150).

Dispositif d’éclairage (100 ; 100’) selon I'une quel-
conque des revendications précédentes, dans le-
quella source de lumiére (220,225 ;220’,225’) com-
prend une diode électroluminescente a luminosité
élevée, un réseau/groupement de diodes électrolu-
minescentes, un module de couleur et/ou un agen-
cement de diodes électroluminescentes a puce sur
carte, dans lequel facultativement le dispositif
d’éclairage comprend en outre un moyen de diffu-
sion comme des plaques, disques ou chambres de
diffusion.

Systeme d’éclairage pour éclairer des tunnels, pas-
sages souterrains ou métros, comprenant un dispo-
sitif d’éclairage (100 ; 100’) selon I'une quelconque
des revendications 1 a 16.
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