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(57) ABSTRACT

A lighting device for vehicles with an elongated light guide
comprising an end face for the coupling-in of light, into
which a light beam radiated from a light source can be
coupled-in. The lighting device further comprises elements
for the coupling-out of light for the deflection of the
coupled-in light beam in the direction of a front skin surface
of the elongated light guide, on which the light beam can be
coupled-out for the generation of a given light function, such
that the front skin surface of the elongated light guide is
connected to a rear skin surface by means of a curved
dispersion surface. At least one light directing element is
arranged between a row of light sources and the light guide
so that the light of the light sources arranged in a row can be
coupled into the rear skin surface or the curved dispersion
surface of the light guide.
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LIGHTING DEVICE FOR VEHICLES

CROSS REFERENCE

[0001] This application claims priority to U.S. Utility
application Ser. No. 14/261,282, filed Apr. 24, 2014, which
claims priority to and the benefit of German Patent Appli-
cation No. 10 2013 104174.4 filed Apr. 25, 2013. The entire
disclosures of U.S. Utility application Ser. No. 14/261,282
and German Patent Application No. 10 2013 104174.4 are
hereby incorporated herein by reference.

TECHNICAL DESCRIPTION OF THE
INVENTION

[0002] The invention relates to a lighting device for
vehicles with an elongated light guide having a end face for
the coupling-in of light, into which a light beam radiated
from a light source can be coupled-in, and comprising
elements for the coupling-out of light for the deflection of
the coupled-in light beam in the direction of a front skin
surface of the elongated light guide, on which the light beam
can be coupled-out for the generation of a given light
function, that the front skin surface of the elongated light
guide is connected to a rear skin surface by means of a
curved dispersion surface.

[0003] From DE 102008 038 668 Al, a lighting device for
vehicles is known, which comprises an elongated light
guide. On a rear skin surface, this light guide has elements
for the coupling-out of light, by means of which light
coupled into the light guide and guided by it is deflected in
the direction of a front skin surface and coupled-out of it for
the creation of a given light function. The coupling-in of
light is achieved by means of a light source arranged on the
end face of the elongated light guide. Therefore, the lighting
device allows a line-shaped coupling-out of light, which can
for example be used for a direction indicator function.
Usually, the light function is accomplished by switching on
the light source on the end face, which results in an instant
light effect over the entire length of the light guide. There are
endeavors to relax the legal requirements relating to the light
functions so that the light guide can provide a sequential
light radiation in the shape of a wandering light function or
a running light function. By this means, the light function of
a “wiping” direction indicator can for example be created.
This wandering light function can for example be effected by
means of the sequential switching-on of light sources
arranged in rows, each of which has a separate light guide
element arranged in front. If the elongated light guide was
segmented or divided into in separate segments, each of
which with a light source assigned to it, the light guide
would, however, loose the character of a continuous appear-
ance with a homogeneous illumination.

SUMMARY OF THE INVENTION

[0004] It is therefore the task of the present invention to
further develop a lighting device so that an elongated light
guide can be employed in a simple and compact manner for
use in a light function in which the lighting of the light guide
changes locally in the longitudinal direction of the same
while maintaining a continuous appearance of the light
guide.

[0005] To solve this problem the invention in connection
with the preamble of patent claim 1 is characterized in that
between a row of light sources and the light guide, a light
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directing element is arranged so that light from the light
sources arranged in a row can be coupled into the rear skin
surface or the curved dispersion surface of the light guide.

[0006] The particular advantage of the invention is that by
means of an elongated light directing element being
assigned to an elongated light guide, additional light which
can be used for a locally variable lighting of the light guide
can be supplied to the elongated light guide in a simple
manner. By this means, a wandering light function resp. a
wiping direction indicator function can be created, in which
the elongated light guide is lit by and by, resp. sequentially
from one end face to the opposite end face. The second light
beam deflected by the elongated light directing element is
supplied in a directed manner to a curved dispersion surface
of the elongated light guide, by which it is deflected so that
it exits at the front skin surface of the light guide.

[0007] According to a preferred embodiment of the inven-
tion, the elongated light directing element runs parallel to the
light guide so that the second light beam hits exclusively the
curved dispersion surface of the elongated light guide.
Advantageously, this ensures a defined coupling-in of light
from one longitudinal side into the light guide.

[0008] According to an embodiment of the invention, the
light guide has a trumpet-shaped and symmetrical embodi-
ment, wherein identically formed, curved dispersion sur-
faces are provided on opposite sides. Advantageously, this
allows particularly a dispersion running vertical to the
longitudinal mean plane of the light guide.

[0009] According to a further development of the inven-
tion, the light sources assigned to the light directing element
can be switched on and/or off sequentially, so that a locally
variable lighting of the light guide is ensured in the longi-
tudinal direction of the same. By this means, the light
sources arranged in a row can be switched on one after the
other, preferably from an inside of the vehicle toward the
outside of the vehicle, until the light guide is lit over its
entire length, to create a “wiping direction indicator func-
tion”. Then the light source arranged on the end face of the
light guide is switched on, so that the illuminance of the light
guide increases instantly over its entire length. If necessary,
the light sources assigned to the light directing element can
then be switched off simultaneously. Should the light func-
tion be a direction indicator function, the light source
assigned to the light guide is switched off after a given time
interval and the process can start again. Should the light
function be e.g. a tail light, the corresponding light sources
remain in the activated condition until the light function is
switched off.

[0010] According to a further development of the inven-
tion, the light directing element is embodied so that the
second light beam coupled-in via the curved dispersion
surface has the same dispersion as a first light beam, which
is coupled into the light guide on the end face and which is
deflected via elements for the coupling-out of light of the
same in the direction of the front skin surface. Advanta-
geously, the first light beam and the second light beam have
therefore the same dispersion effect, particularly across the
longitudinal mean plane of the light guide.

[0011] According to a further development of the inven-
tion, the light directing element is embodied as a reflector
having reflector surfaces extending into the vicinity of the
dispersion surface. If necessary, the reflector can comprise
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additional inner reflector surfaces to ensure an improved
light output for the coupling-in of the same into the light
guide.

[0012] According to a further variant of the invention, the
light directing element is embodied as a light guide element
being arranged as a solid body between the rows of light
sources and the light guide. The second light beam being
coupled into the light guide element is deflected by means of
total reflection on the lateral surfaces of the light guide
element toward the light guide.

[0013] Preferably, the light guide element has a jaw-
shaped embodiment, wherein the second light beam is
essentially radiated into an end region of the two jaws of the
light guide element in the direction of the dispersion surface.
[0014] These aspects are merely illustrative of the innu-
merable aspects associated with the present invention and
should not be deemed as limiting in any manner. These and
other aspects, features and advantages of the present inven-
tion will become apparent from the following detailed
description when taken in conjunction with the referenced
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Reference is now made more particularly to the
drawings, which illustrate the best presently known mode of
carrying out the invention and wherein similar reference
characters indicate the same parts throughout the views.
[0016] FIG.1: a schematic lateral view of a lighting device
according to a first embodiment of the invention with a light
guide element embodied as a reflector,

[0017] FIG.2: a schematic lateral view of a lighting device
according to FIG. 1 with an alternative light source arrange-
ment according to a second embodiment,

[0018] FIG. 3: a perspective representation of the lighting
device according to FIG. 2 without representation of a light
guide,

[0019] FIG. 4: a perspective representation of the lighting
device according to FIG. 2 with the light guide shown,
[0020] FIG. 5: alateral view of a lighting device according
to a third embodiment with a light directing element embod-
ied as a light guide element,

[0021] FIG. 6: a schematic representation of the switching
process of the additional light sources arranged in a row in
the longitudinal direction of the light guide,

[0022] FIG. 7: alateral view of the lighting device accord-
ing to a further embodiment with an intermediate lens,

[0023] FIG. 8: a top view of the embodiment according to
FIG. 7,
[0024] FIG. 9: a top view of an embodiment with a light

directing element which is continuous in the longitudinal
direction,

[0025] FIG. 10: a top view of a light directing element
having slots,
[0026] FIG. 11: a top view of a light directing element

having closed slots,

[0027] FIG. 12: a lateral view of a light directing element
with directed surface for the coupling-out of light.

[0028] FIG. 13: a lateral view of the light directing ele-
ment with prism-shaped surface for the coupling-out of
light.

[0029] FIG. 14: a lateral view of the light directing ele-
ment with pillow-shaped optic elements on the surface for
the coupling-out of light,
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[0030] FIG. 15: a lateral view of the light directing ele-
ment with an etched surface for the coupling-out of light,

[0031] FIG. 16: a lateral view of a light directing element
with a coupling-in optics according to a first embodiment,
[0032] FIG. 17: a lateral view of a light directing element
with a coupling-in optics according to a second embodi-
ment,

[0033] FIG. 18: a lateral view of a light directing element
with a coupling-in optics according to a third embodiment,
[0034] FIG. 19: a lateral view of a light directing element
with a coupling-in optics according to a fourth embodiment,
and

[0035] FIG. 20: a lateral view of a lighting device with two
light directing elements.

DETAILED DESCRIPTION

[0036] In the following detailed description numerous
specific details are set forth in order to provide a thorough
understanding of the invention. However, it will be under-
stood by those skilled in the art that the present invention
may be practiced without these specific details. For example,
the invention is not limited in scope to the particular type of
industry application depicted in the figures. In other
instances, well-known methods, procedures, and compo-
nents have not been described in detail so as not to obscure
the present invention.

[0037] A lighting device for vehicles is arranged in a tail
or front region of a vehicle. The lighting device can be used
for the creation of a light function, in which the light can be
changeably radiated with regard to place and/or time.
[0038] According to a first embodiment following FIG. 1,
the lighting device has an elongated light guide 1 to the rear
of which, with regard to the main radiation direction H, a
light directing element embodied as a reflector 2 is assigned.
The reflector 2, like the light guide 1, has an elongated
embodiment and extends preferably in a horizontal direction
in parallel to the same. A row of light sources 3 is arranged
spaced relative to one another in the longitudinal direction of
the reflector 2 on a back of the reflector 2 facing away from
the light guide 1.

[0039] The cross section of the light guide 1 is trumpet-
shaped and has a rear skin surface 4, a front skin surface 5,
as well as a curved dispersion surface 6, 6' connecting the
rear skin surface 4 with the front skin surface 5. The reflector
2 is symmetrically arranged relative to a longitudinal mean
plane M of the light guide 1, wherein the identically shaped
dispersion surfaces 6, 6' facing one another connect the
narrow rear skin surface 4 having a plane embodiment with
the front skin surface 5 having a cylindrical embodiment. On
an end face of the light guide 1 which is not represented, a
light source is arranged, which radiates a first light beam [.1
into the light guide, which is coupled-in at a end face of the
light guide 1 and is directed onto the skin surfaces 4, 5, 6,
6' of the light guide 1 in the longitudinal direction E of the
same.

[0040] The rear skin surface 4 has prism-shaped optic
elements as elements for the coupling-out of light 7, by
means of which the light beams L1 hitting them are deflected
in the direction of the front skin surface 5. These light beams
L1 are then coupled-out on the front skin surface 5 for the
creation of the light function.

[0041] The embodiment of the reflector 2 is preferably
symmetrical relative to the longitudinal mean plane M and
has outer reflector surfaces 2' and inner reflector surfaces 2".
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The opposing outer reflector surfaces 2' extend into a region
in the vicinity of the curved dispersion surface 6 resp. 6', so
that light beams 1.2 radiated from the light sources 3 are
coupled into the curved dispersion surfaces 6, 6' in the light
guide 1. The inner reflector surface 2" extends in a region
close to the longitudinal mean plane M so that light beams
L2' (partial light beams) are reflected in direction of the outer
reflector surface 2'. The inner reflector surfaces 2" preferably
converge in the longitudinal mean plane M, so that no light
L2 radiated from the light sources 3 can directly hit the rear
skin surface 4 and/or the curved dispersion surfaces 6, 6'.
The light beams [.2 exclusively hit the curved dispersion
surfaces 6, 6' once they have been deflected once or several
times on the outer reflector surface 2'.

[0042] Once the light beam [.2 has entered the light guide
1, it is deflected by means of the curved dispersion surface
6, 6' so that it is coupled out on the front skin surface 5 in
the main radiation direction H. Herein, the dispersion of the
second light beam [.2 preferably has the same dispersion as
the first light beam [.1. The light dispersion, particularly in
the vertical direction, is therefore identical.

[0043] The reflector surfaces 2', 2" can have a smooth
surface or an optical structure. The optical structure can for
example be embodied as pillow optics or striped optic
elements. Alternatively, the optical structure can also be
achieved by means of erosion or etching or lasering.
[0044] The reflector 2 can be fastened in a carrier element
or a bezel of the lighting device in which the light guide 1
is held.

[0045] According to the first embodiment corresponding
to FIG. 1 the light sources 3 are embodied as LED light
sources being arranged on a common rigid carrier plate 8.
[0046] According to a second embodiment of the inven-
tion corresponding to FIGS. 2 to 4, and in contrast to the first
embodiment, a row of lateral-LED-light sources 3' can be
assigned to the reflector 2. In contrast to the first embodi-
ment, these are not arranged on a printed circuit board
running vertical to the longitudinal mean plane M, but on a
printed circuit board 8' running parallel to the longitudinal
mean plane M, resp. parallel to the main radiation direction
H.

[0047] Identical components resp. identical component
functions of the exemplary embodiments are marked with
identical reference signs.

[0048] According to a represented alternative embodi-
ment, the light sources can also be embodied as OLED light
sources, in which the light beam [.2 is not radiated in a
punctiform manner, as described in the above embodiments,
but from a lighting panel.

[0049] According to a further embodiment of the inven-
tion according to FIG. 5, the light directing element can be
embodied as a light guide element 12 extending as a solid
body between the row of light sources 3' and the light guide
1. The light guide element 12 has a jaw-shaped cross-section
and has two light guide legs 12', 12" extending on both sides
of the longitudinal mean plane M. The front ends of the light
guide legs 12', 12" extend into a region in the vicinity of the
curved dispersion surface 6, 6'. The two light guide legs 12,
12" each have outer lateral surfaces 13 and inner lateral
surfaces 14, on which the coupled-in light beam [.2 can be
fully reflected. In a free end region of the light guide legs 12,
12" the light beams [.2 are coupled-out on the inner lateral
surfaces 14, so that they can enter the light guide 1 through
the curved dispersion surfaces 6, 6'. Subsequently a deflec-
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tion, already described above, occurs inside the light guide
1, so that they are coupled-out on the front skin surface 5 in
the main radiation direction H in an identical manner.

[0050] To switch the lighting device on, the light sources
3, 3' are sequentially switched on by means of a control
device which is not represented, starting preferably from an
innermost side of the vehicle toward an outermost side of the
vehicle. By this means, light 1.2 is, by and by, coupled into
the light guide 1 in the longitudinal direction E by means of
the light directing element 2, 12 and radiated from its front
skin surface 5. This results in a wandering light function
resp. a light strip which is extended by and by along the
longitudinal direction E of the light guide 1. A wiping effect
is created, which can for example be used when a direction
indicator function, a tail light function or a daytime running
light function is switched on.

[0051] FIG. 6 gives a schematic representation of the light
radiated from the light guide 1 in the longitudinal direction
E against the switching points. At the beginning of the
switching process, a light source 3, 3' preferably facing the
vehicle inside is switched on at the point in time t,, so that
a light radiation [.2 is effected in the longitudinal direction
E across a first partial section E1 of the light guide 1. At the
end of a time interval At, the neighboring light source 3, 3'
is switched on in addition, so that an illumination of the light
guide 1 across a partial section E2 being larger than the
partial section E1 is effected. Subsequently, further light
sources 3, 3' are switched on sequentially in addition at time
intervals of At, until the light guide 1 is lit across its entire
extension. The light guide 1 then radiates the light [.2
provided by the light directing element 2, 12 across its entire
length. The process of switching on the light sources 3, 3'is
thus completed. Subsequently, the first light beam L1 of the
light source situated on the front-side surface for the cou-
pling-in of light of the light guide 1 can be radiated via the
front skin surface 5 in addition by switching it on, so that an
increase in illuminance is created across the entire length of
the light guide 1. Either the light sources 3, 3' assigned to the
light directing elements 2, 12 can remain switched on or they
are switched off so that the light guide 1 is illuminated
exclusively by the first light beam L1.

[0052] For the creation of the direction indicator function,
the light sources 3, 3' assigned to the light directing element
2, 12 as well as the light sources assigned to the light guide
1 are switched off simultaneously after the lapse of a given
time interval, so that after a given pause, the described
switching process can start again. The switching on of the
lighting device therefore effects the creation of a light strip
extending in the longitudinal direction, the light strip being
determined by the extension of the light guide 1.

[0053] The light guide 1 and the light directing element 2,
12 may have a straight or a curved shape.

[0054] The light sources 3, 3' have main axes A, which run
in the main radiation direction H resp. vertically to the
longitudinal direction E of the light guide 1 resp. the light
directing element 2, 12. The light sources 6, 6' are preferably
arranged at identical distances. The light source assigned to
the light guide 1 being arranged on the end face for the
coupling-in of light of the same has a main axis running
vertical to the main radiation direction H resp. in the
direction of the longitudinal direction E of the light guide 1,
if the light guide 1 has a straight shape. If the light guide 1
has a curved shape, the main axis of this light source is
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preferably arranged in the direction of a normal of the
surface for the coupling-in of light at the end face of the light
guide 1.

[0055] According to a further embodiment of the inven-
tion according to the FIGS. 7 and 8, a light directing element
arranged between the row of light sources 6 and the light
guide 1 can be embodied as an essentially cuboidal light
guide element 22 and followed by an intermediate lens 22'
arranged in the same main radiation direction H. The light
guide element 22 is segmented and has narrow sides 23, 23'
facing away from each other. Parallel to the longitudinal
mean plane M of the light guide 1, the light guide element
22 is limited by opposing flat sides 24, 24'. On a front side
facing the light guide 1, the light guide elements 22 are each
monolithically connected with the continuous intermediate
lens 22' in the longitudinal direction E. The intermediate lens
22' has a contour 25 following the course of the light guide
1, on which the light [.2 is coupled-out in the direction of the
rear skin surface 4 of the light guide 1. In this execution of
the invention, the light beam [.2 is exclusively coupled-in on
the rear skin surface 4 of the light guide 1. The rear skin
surface 4 has preferably a prism-shaped structure as cou-
pling-out elements, which on one hand allows a deflection of
the light I.1 coupled-in in the longitudinal direction E of the
light guide 1 toward the front skin surface 5, and on the other
hand allows an entrance of the second light beam [.2.
[0056] According to a further embodiment of the inven-
tion according to FIG. 9, a light guide element 26 can be
embodied continuously in the longitudinal direction E.
Optionally, the intermediate lens 22' can be omitted.
[0057] According to a further embodiment of the inven-
tion according to FIG. 10, a light guide element 27 can have
slots 28 having a depth t1 being smaller than a depth t2 of
the monolithically embodied light element 27. The slots 28
extend from a side on which the light is coupled-in of the
light directing element 27 in the direction of a side for the
coupling-out of light of the same without it being reached.
The light guide segments 27' separated in this manner are
each assigned to a light source 3.

[0058] According to a further embodiment of the inven-
tion according to FIG. 11, a light guide element 29 can be
provided, which has closed slots 30 in contrast to the light
guide elements 27 according to FIG. 10.

[0059] On a side for the coupling-out of light facing the
light guide 1, a light guide element 31 can have a directed
optic structure 32, for example a Fresnel structure.

[0060] Alternatively, a light guide element 33 can also
have a prism-shaped structure 34 on the side for the cou-
pling-out of light. Alternatively, a light guide element 35 can
also have an optical structure provided with pillow-optics
elements 36 on the side for the coupling-out of light.
Alternatively, a light guide element 37 can also have an
etched or lacquered structure 38 on the side for the coupling-
out of light.

[0061] According to a variant of the invention, a light
guide element 39 can have a concave depression 40 on a side
for the coupling-in of light. According to a further alterna-
tive according to FIG. 17, a light guide element 41 can be
embodied tapered in the direction of the side for the cou-
pling-in of light, wherein a depression 42 is assigned to the
LED light source 3. Depending on the installation space, the
LED light source 3 can also be arranged at an angle, for
example 45 degrees, relative to a longitudinal direction of a
light guide element 43. To this end, the light guide element
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43 has a lateral depression 44 on the side for the coupling-in
of light. According to a further embodiment of the invention
according to FIG. 19, the light source 3 can also be arranged
at a right angle relative to the longitudinal direction of a light
guide element 45. The light guide element 45 has a deflect-
ing nose 46 comprising a refection surface 47, on which the
light 1.2 coupled-in via a depression 48 is deflected in the
longitudinal direction of the light guide element 45.
[0062] According to a further embodiment of the inven-
tion according to FIG. 20, plate-shaped light guide elements
46, 46' are arranged on both sides of the mean plane M of
the light guide 1, each of which has a row of light sources
3 assigned on a side for the coupling-in of light. The light
guide elements 46, 46' each have a curved surface for the
coupling-out of the light 47, 47' on the side for the coupling-
out of light, following the contour of the curved dispersion
surface 6, 6' of the light guide. Preferably, there is a constant
distance b between the contour of the surface for the
coupling-out of light 47, 47' on one hand and the curved
dispersion surface 6, 6' on the other hand.

LIST OF REFERENCE SIGNS

[0063] 1 Light guide

[0064] 2, 2', 2" reflector external, internal
[0065] 3, 3' Light source

[0066] 4 Rear skin surface

[0067] 5 Front skin surface

[0068] 6, 6' Curved dispersion surface
[0069] 7 Elements for the coupling-out of light
[0070] 8, 8 Carrier plate

[0071] 9

[0072] 10

[0073] 11

[0074] 12, 12', 12" Light guide legs
[0075] 13 Outer lateral surfaces

[0076] 14 Inner lateral surfaces

[0077] 22, 22' Light guide element/intermediate lens
[0078] 23, 23' Narrow sides

[0079] 24, 24' Flat sides

[0080] 25 Contour

[0081] 26 Light guide element

[0082] 27 Light guide element

[0083] 28 Slots

[0084] 29 Light guide element

[0085] 30 Slot

[0086] 31 Light guide element

[0087] A Axis

[0088] H Main radiation direction

[0089] M Longitudinal mean plane
[0090] E Longitudinal direction

[0091] L1, L2 Light beam

What is claimed is:
1. A lighting device for vehicles comprising:
an elongated light guide including:
an end face for the coupling-in of light, into which a
light beam radiated from a light source can be
coupled-in, and
elements for the coupling-out of light for the deflection
of the coupled-in light beam in the direction of a
front skin surface of the elongated light guide, on
which the light beam can be coupled-out for the
generation of a given light function,
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a curved dispersion surface connecting the front skin
surface of the elongated light guide to a rear skin
surface of the elongated light guide, and

at least one light directing element located between a row
of light sources and the light guide so that light from the
light sources arranged in a row can be coupled into the
rear skin surface or the curved dispersion surface of the
light guide.

2. The lighting device according to claim 1, wherein the
light sources assigned to the elongated light directing ele-
ment can be sequentially switched on or off for the creation
of an illumination which is locally changeable in the lon-
gitudinal direction of the light guide.

3. The lighting device according to claim 1 wherein the
elongated light directing element is embodied as a light
guide element extending between the row of light sources
and the light guide, wherein the second light beam coupled
into a surface for the coupling-in of light of the light guide
element facing the light sources can be deflected in direction
of the light guide by means of total reflection on the lateral
surfaces of the light guide element.
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4. The lighting device according to claim 10, wherein the
light guide element has a jaw-shaped embodiment with two
light guide legs reaching into the vicinity of the curved
dispersion surface of the light guide.

5. The lighting device according to claim 1 wherein the
light directing element has a cuboidal embodiment and is
either segmented or continuous in the longitudinal direction.

6. The lighting device according to claim 1 wherein the
light directing element has open slots or closed slots on the
side facing the row of light sources.

7. The lighting device according to claim 1 wherein on
both sides of a median plane of the light guide, there are light
directing elements arranged, each of which has a row of light
sources assigned on a surface for the coupling-in of light
facing away from the light guide and each of which has, on
the side for the coupling out of light facing the light guide,
a surface for the coupling-out of light following the contour
of the curved dispersion surface of the light guide.
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