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Description

Technical field

[0001] The presentinvention relates to vehicle lighting.
More specifically, it relates to a lamp with an improved

optical element which is less affected by heat.

Background of the Invention

[0002] LED headlights or headlight modules in the
state of the art generally comprise a PCB with LEDs
attached to a heat sink, a primary optics, secondary
optics (often simply called lens or projection lens) and
support elements such as casings and lens holders. The
primary optics is closer to the LEDs and pre-processes
the light, and the secondary optics then directs the lightin
a desired pattern on the road ahead. An example of such
an LED headlight is disclosed in document US11028987
B2 or in document W02022242783 A1. The latter docu-
ment also discloses an assembly kit and method for a
headlight module.

[0003] The optical elements are nowadays commonly
made from clear polymer, such as polycarbonate or
PMMA, because these are lighter and easier to manu-
facture than optics made from glass. However, one dis-
advantage of polymer optics is in its thermal expansivity.
Light sources, even LEDs, produce a significant amount
of heat during their operation and since the primary optics
is very close the light source, it gets heated. The optical
element thus thermally expands, and the illumination
pattern provided by the lamp is slightly distorted by this
expansion. This distortion is more noticeable in details of
the illumination pattern such as a cut-off line. For more
complex headlight optical elements, this distortion be-
comes more significant. Thermal expansion of optical
elements and its unwanted effects on the optical function
of the elements is thus one of hindrances in development
of more complex optical elements and illumination mod-
ules, especially for use in vehicle headlights. More com-
plex elements and modules could for example improve
design, increase energy efficiency, save space, etc.
[0004] Itwould therefore be desirable to provide a way
of reducing the effect of thermal expansion on the optical
elements in vehicle lamps.

Summary of the Invention

[0005] The shortcomings of the solutions known in the
prior art are to some extent eliminated by a vehicle lamp
comprising at least a light source, a primary optical ele-
ment, a lens holder, and a secondary optical element.
The primary optical element is held between the light
source and the lens holder. The light source is preferably
an LED light source. All the LEDs then preferably share a
common PCB. The primary optical element is closer to
the light source than the secondary optical element and
receives light from the light source, while the secondary
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optical element receives light from the primary one. The
lens holder can be one or more components which carry
one or both of the optical elements. Preferably, one lens
holder (which can however be from multiple parts) car-
ries, supports, pushes onto or otherwise holds both the
optical elements and attaches them to another part of the
lamp, for example to the light source.

[0006] The primary optical element contains at least
two portions, and it further contains at least one expan-
sion joint. An expansion jointis a component which holds
the portions together but at the same time reduces effects
of thermal expansion of adjacent portions on each other.
The portions are held together preferably at least to the
extent that they can easily be assembled all atonce, e.g.,
the whole primary optical element is gripped and
mounted to the light source at once. Some movement
between the portions is however allowed by the joints in
order to limit the effects of the thermal expansion.
[0007] Since polymers used for optics generally ex-
pand when their temperature rises, if one portion of the
primary optical element is heated, itincreases its volume
or area. If the portions were connected to each other
fixedly (by screws, gluing, welding etc.), the expansion of
the one portion would necessarily press on adjacent
portions and would move the portions. Since it is impor-
tant in vehicle lamps to have optical elements centred
with respect to light sources, this movement caused by
the expansion is undesirable.

[0008] Therefore, adjacent portions of the primary op-
tical element are separated from each other by at least
one expansion joint. Further, each portion comprises at
least one alignment member for individual alignment of
the portion with respect to at least one other part of the
lamp. The alignment member can especially be a pin or
other protrusion, or a hole or recess. Using pins and oval
holes for alignment of lamp components is known in the
art. Forthe presentinvention, the significantaspectis that
each portion has at least one alignment member of its
own. As aresult, each portion is aligned/centred by itself.
l.e., the alignment of one portion is at least to some extent
independent of other portions. Combined with the ex-
pansion joints, this means that the portions are centred
individually and are unaffected (or at least less affected)
by expansions of other portions. As a result, temperature
changes have a much lesserimpact on functioning of the
lamp or on the resulting illumination pattern the lamp
provides, e.g., on the road ahead if the lamp is a head-
light.

[0009] Asanexample, polycarbonate (PC) has a coef-
ficient of thermal expansion of 0,065 mm/m °C. This
means that an optical element with a length of 150
mm, which is roughly a standard size of headlight optical
elements, which gets heated by an LED light source by 30
°C when it reaches its standard operating temperature of
50 °C, expands by almost 0,3 mm. This expansion would
shift the optical element with respect to the light source
which would deform the shape of the lamp’s illumination
pattern on the road. By isolating the expansion to the
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individual segments, if there were four segments of the
same size, the expansion of each segment is less than
0,1 mm. Movement of a portion of the optical element by
less than one tenth of millimetre generally does not
significantly affect the lamp’s performance.

[0010] The above exemplary calculation is fairly sim-
plified, since it for example assumes that the optical
element is heated evenly and that the portions have
the same size, but it demonstrates how the division of
the primary optical element can help reducing the overall
thermal deformation of the primary optical element and
can thus help with maintaining the lamp’s illumination
performance regardless of temperature of the LEDs and
the optical element.

[0011] The lamp according to the invention can espe-
cially be an exterior lamp, e.g., a headlight or a taillight or
amodule for them. It can also be an illuminated front grille
orbumper or similarillumination device. Itis however also
possible to use the lamp in the interior, even though
distortion of lamp’s illumination pattern due to thermal
expansion has much smaller significance in the interior.
[0012] The optical element can be made from a poly-
meric material, such as PMMA or polycarbonate. The
lens holder and/or the primary optical element itself pre-
ferably keep the primary optical element at a specified
distance from the light source, or especially from its LED
sub-sources. For example, the lens holder can push the
element towards the light source, while there are protru-
sions on the back side of the element which function as
stops for the backwards movement and keep a minimum
distance between the optical parts of the primary optical
element and the LEDs. These stops can be braced
against the surface of the light source (e.g., of a PCB).
The surface than comprises no other components (e.g.,
parts soldered to the PCB) at the locations corresponding
to the stops. There can also be depression complemen-
tary to the shape of the stops provided on the light source.
The stops can then limit the distance between the primary
optical element and the light source and can also help
centring these two components.

[0013] The portions are thus sub-parts of the primary
optical elementwhich are separated from each other, and
at the same time held together, by the expansion joint(s).
The function of the expansion joints which allows the
limiting of effects of thermal expansion can be provided
by their material (e.g., by using a more flexible/elastic
material than the material of the portions), by shape of the
material (e.g., making the joints thinner, porous, perfo-
rated or curved, such that they are more flexible/elastic
than the portions), by their construction (e.g., by provid-
ing multiple mutually telescopic or otherwise linearly
movable parts of the joint) etc. The effects of the expan-
sion, which are to be limited, are thus mainly forces/pres-
sures/pulls caused by expansion of one portion acting on
the neighbouring portion(s), and the corresponding
movement of these neighbouring portion(s).

[0014] The atleastone other partofthe lamp, whichisa
counterpart for the alignment of the portions, can be any
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component, e.g., the lens holder, a casing or frame of the
lamp, or the light source. It is preferable to use a counter-
part which is from a material with smaller thermal ex-
pansivity coefficient than that of the primary optical seg-
ment. The light source is thus a preferable counterpart for
the alignment because it usually contains a PCB. Stan-
dard PCB materials, such as fiberglass or other compo-
sites, have a low thermal expansivity and can thus keep
the portions aligned as needed. It is however also pos-
sible to e.g., make the lens holder from fiberglass and
then use it as the alignment counterpart. The counterpart
can comprise complementary alignment members, e.g.,
if there are pins on the optical element, the counterpart
can contain holes, and vice versa.

[0015] It is possible to connect two adjacent portions
with multiple expansion joints. The portions can all be in
one row or column, i.e., there are two end portions which
have a single adjacent portion on one of their sides, and
any potential further portions are between the two end
portions and have an adjacent portion on both sides. Itis
also possible to have the portions in multiple rows or
columns etc. E.g., four portions can be in two rows and
columns, i.e., they canform a square formation. The rows
or columns of the portions can then have different num-
bers of portions, e.g., there can be four rows of portions,
first and last row having two portions next to each other
each, and the second and third rows only having one
portion. Any configuration of any number of portions can
be used in the presented lamp.

[0016] Preferably, the portions of the primary optical
element and the at least one expansion joint are made
from a single piece of material. This significantly simpli-
fies manufacturing of the element. It can be e.g., injection
moulded in a single mould. There is thus no need to
provide multiple moulds, to assemble the primary optical
element from multiple pieces etc.

[0017] Preferably, each expansion joint is formed as a
curved section of the primary optical element and/or a
section of the primary optical element having a reduced
cross-section. This form of the joints can be combined
with making the whole element from one piece of materi-
al. The whole primary optical element is thus cheaper,
lighter, less prone to wear etc.

[0018] Each expansion joint can then have a cross-
section having three curved parts, wherein one of the
curved parts which is located between the other two
curved parts has curvature in opposite direction than
the other two curved parts. The joint can thus have for
example a shape of a rounded letter M or W. This wave
with multiple different curvature directions, i.e., with cen-
tres of curvature at different sides of the cross-section,
can allow bigger range of movement of each portion
without affecting the other portions. With multiple curved
parts, i.e., at least two, each of the curved parts is also
bent less during the thermal expansion and is thus less
likely to break over time.

[0019] The lens holder can be pressed against the
primary optical element at each portion. E.g., the lens
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holder can have at least one pressing protrusion for each
portion and via this protrusion, the lens holder forces the
primary optical element towards the light source. The
optical element is thus prevented from bending or from
detaching from the light source. Since the lens holder
presses against each portion, the individual alignment or
positioning of the portions is further supported.

[0020] The primary optical element can have a sub-
stantially planar light entry surface and/or the secondary
optical element can have a substantially planar light exit
surface. These shapes of the surfaces can have aesthe-
tical effects but can also have technical impact. E.g., flat
entry surfaces allow the primary optical element to be
closer to the light source and substantially flat surfaces,
e.g., planar with micro-optics, in general can lead to
smaller lamps with the same illumination functions.
[0021] Both entry and exit surfaces of both optical
elements can generally have almost any shape, e.g.,
can be protruding, can be flat, can have continuous
freeform shape, can have micro-optics etc.

[0022] The light source can comprise a printed circuit
board with LED sub-sources and a heat sink. The light
source can then comprise the complementary alignment
members for the alignment members of the primary
optical element, e.g., it can comprise holes passing
through the PCB into the heat sink.

[0023] Each portion of the primary optical element can
comprise at least one primary segment, wherein each
primary segment is individually shaped and oriented for
processing and directing light from the light source. The
primary segments are thus the parts of the element which
provide the desired optical function. Each sub-source of
the light source can then have its own segment which
processes and directs light for this sub-source individu-
ally. This allows obtaining much more complex illumina-
tion functions than when the optical element has its
optical surfaces common for all the sub-sources.
[0024] The secondary optical element can also be
segmented, i.e., it can comprise multiple secondary seg-
ments, wherein each secondary segment is aligned with
a corresponding primary segment. Each secondary seg-
ment is individually shaped and oriented for processing
and directing light from the corresponding primary seg-
ment. Each secondary segment thus receives light from
the corresponding primary segment and directs it to a
prescribed location which is to be illuminated by this
segment. The primary and secondary segments thus
cooperate to process the light from the light source,
especially from a corresponding sub-source of the light
source, and to direct the processed light to a certain part
of the road ahead. The processing for example includes
homogenization and stretching of the light beam over the
prescribed area, e.g., from a first distance in front of the
vehicle to a second distance in front of the vehicle.
[0025] Having both the primary and secondary optical
elements segmented increases the versatility of the
lamp. By shaping the segments, i.e., by shaping the entry
and exit surfaces of both types of segments, the light can
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be shaped and oriented as needed. The shape of the exit
surface of the secondary segments can be visible from
the outside, so its shape can also be affected by design
considerations. For each corresponding primary and
secondary segments, the four surfaces can all be de-
signed together by a computer simulation. The simulation
can be inputted with some parameters such as the loca-
tion (area) which is supposed to be illuminated by the
specific segments, and can output the shape of all four
surfaces. Designing other corresponding segments can
be done in the same way independently (i.e., each sub-
module as defined below can be designed separately
and then their segments are put at the common optical
elements).

[0026] The lens holder can comprise a shielding grille
for separating light beams passing between correspond-
ing primary segments and secondary segments. The
lens holder is thus located between the elements and
the grille ensures that the light beams from different
primary segments do not influence each other and do
not reach any other secondary segment than the corre-
sponding one. The grille thus further ensures that the
sub-modules do not influence each other - that the light
from one does not spill into the other.

[0027] The shielding grille can have atleast one rough-
ened or matted surface for reducing glare. Glare occur-
ring on smooth surfaces of the grille could be a source of
locally increased brightness in the resulting illumination
pattern. This would lower the homogeneity, and it could
be distracting to the driver or to drivers of other vehicles.
Some or all surfaces can thus be treated or created such
they are less reflective. The choice of surface for this
treatment, i.e., the roughening or matting, can also be a
computer simulation. E.g., the simulation can show which
surfaces reflect high amount of light, which than creates
the inhomogeneities, and these selected surfaces can
then be treated. The treatment can comprise altering the
mould for making the lens holder, e.g., roughening its
corresponding walls; it can comprise coating the surface
with a less reflective coating; it can comprise grinding/-
sanding the surfaces etc. For simplicity, the whole lens
holder can be e.g., coated, so that there is no need for
identifying the surfaces which are prone to creating
glares.

[0028] Each primary segment with its corresponding
secondary segment can have a corresponding light sub-
source on the light source, wherein the mutually corre-
sponding primary segment, secondary segmentand sub-
source form an illumination sub-module for illuminating a
given area for illumination in front of the lamp. The
corresponding passage in the shielding grille can also
be considered a part of each sub-module. These sub-
modules are basically independent in their illumination
function, e.g., each can be directed independently on
other sub-modules, but they share the optical elements
and the light source. Therefore, the lamp is very versatile
(each sub-module provides its own illumination so a
plurality of sub-modules can be combined into a lamp
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providing any desired illumination pattern designed by a
skilled person) but is also relatively cheap and easy to
assemble, because number of components of the lamps
is much lower than it would be if the sub-modules didn’t
share the optical elements. There are preferably at least
five, more preferably at least ten sub-modules. This
number of sub-modules can provide reasonable illumi-
nation, e.g., for a low beam function etc., and can take
fuller advantage of the advantages of the present inven-
tion (improved resistance to thermal expansion, easier
assembly etc.).

[0029] Light output directions (e.g., given by vectors
connecting a centre of secondary segment with a centre
of theilluminated area on the road or on a vertical surface
in front of the lamp) of at least some sub-modules can be
mutually nonparallel wherein arrangement of sub-mod-
ules on the lamp is different than arrangement of their
corresponding areas for illumination.

[0030] This means thatthe sub-modules, whenlooking
at the lamp from the front, are arranged differently, then
the corresponding areas for illumination, when looking at
anilluminated vertical surface from the back or looking at
an illuminated road from above. The arrangements de-
fine how the sub-modules/areas are located with respect
to each other. E.g., it defines which sub-module/area is
adjacent to which, how far they are from each other etc.
For example, the arrangement of sub-modules can be
that they are in a single row which is oriented vertically,
horizontally or diagonally. Or they can be in a grid forma-
tion with a certain number of rows and columns, each with
a certain number of sub-segments. The arrangement of
areas, especially for headlights, is to some extent given
by legal requirements. Forexample, itis given, how bright
the illumination pattern of a low-beam light must be at
certain distances from the automobile. It is given, that for
right-hand traffic, the right side is illuminated more (to
illuminate traffic signs) while the left side is illuminated
less (so that oncoming traffic is not blinded). The present
invention thus makes it possible to obtain the prescribed
road illumination for given light function while the sub-
modules of the lamp have any arbitrary arrangement.
The arrangement of sub-modules can for example be
given by design requirements of customers, by technical
requirements etc.

[0031] On vehicle lamps known in the state of the art,
the arrangement of sub-modules (e.g., LEDs of a matrix
headlight with primary optics and projection lens - the
known headlights do not have sub-modules with the
same parts and construction as described above) is
the same as the arrangement of the areas forillumination.
Therefore, the sub-modules are in a substantially vertical
row and the leftmost sub-module illuminates the leftmost
part of the road, the sub-module next to it illuminates the
adjacent part of the road, etc., until the rightmost sub-
module which illuminates the rightmost part of the road
(or more precisely the rightmost submodule usually illu-
minates the area next to the road on the right side, not the
road itself).
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[0032] Having a different arrangement of sub-modules
while maintaining the required illumination pattern on the
road is not possible in the state of the art. The sub-
modules would have to be completely separated, i.e.,
they would be individual modules with individual and thus
expensive assembly and with very demanding align-
ment. One reason for this is that the individual directin-
g/orienting of sub-modules in the present invention is
relatively sensitive to heat expansion. Since the light
beams are rearranged on their way from the secondary
segment to the corresponding area for illumination,
movement of the primary segments with respect to the
light sub-sources can easily distort the illumination pat-
tern. The improved resistance to thermal expansion
achieved by the individually aligned portions connected
by expansion joints is thus especially important for the
lamp having sub-modules arranged differently that the
areas for illumination.

[0033] For at least some of the sub-modules, the ar-
rangement of sub-modules on the lamp can be rotated
with respect to the arrangement of their corresponding
areas for illumination. Some of the sub-modules can be
arranged vertically one above another and when the
lamp illuminates a flat vertical surface from a pre-defined
distance, the corresponding areas for illumination by the
vertically arranged sub-modules are then arranged on
the surface at substantially the same height.

[0034] Substantially the same height means e.g., that
there can be a vertical line passing through all the areas.
In layman’s terms, this just means that the road is illumi-
nated from left to right (which is required) even though not
all the sub-modules are arranged from left to right. The
sub-modules can be arranged in rows, e.g., at least five
rows, each having from 1 to 3 sub-modules. Each row is
at different height, i.e., they are one above another. This
can enable creation of headlights with modules appear-
ing as substantially vertical brightlines, which is a desired
look difficult to achieve by lamps known in the art.
[0035] The predefined distance is commonly 25 me-
ters - at this distance, the illumination pattern of a head-
light should fulfil the legal requirements, i.e., it should look
substantially the same as the pattern on the road during
actual use of the headlight.

[0036] The sub-modules can be arranged in the lamp
based at least partially on their operating temperature,
i.e., based on how hot they or their sub-sources are
expected to get when used for a longer period, e.g., half
an hour. The operating temperature can e.g., be the
temperature reached by the corresponding sub-source.
Some sub-modules with a higher operating temperature
can then be separated from each other by at least one
sub-module with a lower operating temperature. At the
same time, the areas for illumination by the sub-modules
with the higher operating temperature are directly adja-
cent or overlapping.

[0037] Commonly, the middle of the road needs to be
the brightest, while the illumination pattern gets dimmer
towards the side and farther from the vehicle. The sub-
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modules directed to the middle areas can thus provide
brighter illumination which naturally means they produce
more heat and thus have higher operating temperatures.
The areas for illumination of these brighter sub-modules
are next to each other or even overlap to make the areas
even brighter, as needed. In the state of the art, these
hotter sub-modules are adjacent to each other, because
the arrangement of sub-modules or sub-sources is the
same as the arrangement of the areas for illumination, as
described above. The present invention, on the other
hand, can have different arrangement of the sub-mod-
ules. It can thus be advantageous to put the hotter sub-
modules away from each other so that their heat can be
more effectively dissipated. The colder sub-modules can
then be adjacent to the hotter ones. The temperature
across the light source is then more uniform and the
highest temperature is lower than when the hottest
sub-modules are directly next to each other.

[0038] The shortcomings of the solutions known in the
prior art are to some extent also eliminated by a vehicle
headlight which comprises multiple illumination modules,
wherein at least two of the illumination modules are
vehicle lamps according to the invention. For example,
a headlight with multiple modules, each having the sub-
stantially vertical sub-module arrangement as described
in more detail above, can be especially advantageous
because it provides a very attractive and original appear-
ance to the vehicle.

Description of drawings

[0039] A summary of the invention is further described
by means of exemplary embodiments thereof, which are
described with reference to the accompanying drawings,
in which:
Fig 1. Shows a perspective view of a primary optical
element from an exemplary vehicle lamp ac-
cording to the present invention, wherein divi-
sion of the primary optical element into four
portions separated by expansion joints can
be seen, as well as its division into fifteen op-
tical primary segments.

Fig 2. Shows a side view of the primary optical ele-
ment from fig. 1, wherein cross-sections of
the expansion joints can be seen in the figure
as well as alignment pins for centring the por-
tions of the primary optical elements.

Fig 3. Shows a detail of one of the expansion joints
from fig. 2. The crosssection of this joint with
its three curved parts can be seen.

Fig 4. Shows a front view of the primary optical ele-
ment from figs. 1 to 3. It can be seen that
some of the primary segments extend above
openings between the portions and that each
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Fig 5.

Fig 6.

Fig 7.

Fig 8.

Fig 9.

Fig 10.

Fig 11.

Fig 12.

Fig 13.

Fig 14.

10

expansion joint has two arms delimiting this
opening from left and right sides.

Shows an exploded view of the exemplary
vehicle lamp comprising a heat sink, PCB,
primary optical element, lens holder and a
secondary optical element.

Shows a back view of the lens holder from fig.
5, wherein the lens holder comprises a shield-
ing grille which separates light beams origi-
nating from LEDs on the PCB and traveling
between the two optical elements.

Shows a side view of the lens holder from fig.
6.

Shows a schematic perspective view of the
secondary optical element, wherein fifteen
optical secondary segments with different
shapes and inclinations can be seen in the
figure.

Shows a side view of the secondary optical
element from fig. 8.

Schematically shows a front view of two
headlights, each comprising four exemplary
vehicle lamps according to the invention,
wherein each of the lamps has a substantially
vertical arrangement of sub-modules and
thus its width is much smaller than its height.

Shows a perspective view of a partially as-
sembled lamp from fig. 5, wherein there is a
mounting support with three pins, and the
heat sink is mounted on the mounting sup-
port.

Schematically shows a front view of partially
mounted lamp from fig. 5, wherein there is a
mounting support with three pins, and the
heat sink, the PCB and the primary optical
element are mounted on the mounting sup-
port and centred by the pins of the mounting
support.

Shows another schematical view of the par-
tially mounted lamp from fig. 12, wherein the
lens holder in mounted on the mounting sup-
port as well.

Shows a schematical diagram of one sub-
module of an exemplary lamp according to
the invention and its area for illumination pro-
jected onto a vertical surface placed in front of
the lamp.
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Fig 15. Shows a schematical diagram depicting an
arrangement of areas for illumination by indi-
vidual sub-modules of the exemplary lamp.
Fig 16.  Shows two schematical diagrams of arrange-
ments of sub-modules of an exemplary lamp,
wherein fig. 16A shows an ordered vertical
arrangement and fig. 16B shows a vertical ar-
rangement of the sub-modules where three
sub-modules with the highest expected tem-
perature are separated from each other by
several colder sub-modules. However, as
can be seen in fig. 15, these three sub-mod-
ules illuminate overlapping areas, so it's ap-
parent that their light beams cross the light
beams of the colder sub-modules. Both dia-
grams in fig. 16 also schematically show tem-
perature of the sub-modules along the lamp
to show impact of the rearrangement of the
sub-modules on the overall temperature.

Fig 17.  Shows the diagram from fig. 15.

Fig 18.  Shows two more schematical diagrams of ar-
rangements of sub-modules of an exemplary
lamp, wherein in fig. 18A the sub-modules are
arranged in a circle and in fig. 18B the sub-
modules are in a V-shaped arrangement.

Exemplary Embodiments of the Invention

[0040] The invention will be further described by
means of exemplary embodiments with reference to
the respective drawings.

[0041] The vehicle lamp 1 according to the first ex-
emplary embodiment is shown in figs. 1 to 13 and in the
diagrams in figs. 14, 15 and 16A. The lamp 1 is a matrix
module in this embodiment, and its individual compo-
nents can be seen in fig. 5. The lamp 1 comprises a light
source 2, a primary optical element 3, a secondary optical
element 5 and a lens holder 4. It also comprises a casing
which encapsulates the other components and facilitates
mounting of the matrix module into a headlight 23 (see fig.
10 showing two headlights 23, each with four modules;
only the outlines of the module’s casings and of the
secondary optical elements 5 are shown in fig. 10).
[0042] Forthe description of the lamp 1 given below, an
X, Y, Z coordinate system standard for vehicle lamps 1 is
used. The X axis goes from front to rear. Frontwards
direction herein is the general direction in which light is
emitted from the lamp 1; for a headlight 23, this direction
corresponds to the forward movement of the vehicle. The
rearwards direction is thus opposite to the frontwards
direction. The Z direction goes up and down and the Y
direction goes from left to right.

[0043] The light source 2 comprises a heat sink 11, a
printed circuit board 9 (PCB) glued to the heat sink 11,
and an array of LED sub-sources 10 carried by the PCB 9
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(not shown in fig. 5). There are fifteen LEDs in the
exemplary embodiment. The heat sink 11 comprises
an aluminium plate and a number of aluminium fins. It
also comprises several kinds of mounting and alignment
members which will be described in more detail below
with reference to figs. 11 to 13. The PCB 9 comprises the
same mounting and alignment members overlapping
with the members of the heat sink 11 such that comple-
mentary mounting and alignment members, located on
the primary optical element 3 and the lens holder 4, can
pass through.

Primary optical element 3:

[0044] The primary optical element 3 is made from a
clear polymer, such a PMMA or polycarbonate. Itis made
from one piece of the material, e.g., by injection moulding.
It has a body, which is substantially plate shaped, and the
body carries multiple optical segments and expansion
joints 7, which will be described further below. Details of
the primary optical element 3 can be seen in figs. 1 to 4.
The primary optical element 3 is divided into four portions
6 aligned in a row, which are separated from each other
by expansion joints 7. The expansion joints 7 allow
adjacent portions 6 to slightly move relative to each other
without affecting each other, or at least without affecting
each other as much as they would if they the portions 6
were not separated. As a result, thermal expansion of the
primary optical element 3 does not affect the elementasa
whole but only the individual portions 6.

[0045] The expansion joints 7 in the depicted embodi-
ment are created as a thinner and curved section of the
body. Each of the joints has three curved parts 8, as can
be seeninfig. 3. The side curved parts 8, which are each
attached to one portion 6, are curved upwards, i.e., are
concave, and the middle curved part 8, which attaches
the side curved parts 8 to each other, is curved down-
wards, i.e., is convex. This triple curvature allows enough
movement between the portions 6 during their thermal
expansion.

[0046] Each portion 6 of the primary optical element 3
has multiple conical alignment pins 18 (see fig. 2 and 3)
which extend rearwards from the element. In the depicted
embodiment, there are nine alignment pins 18 in total -
their arrangement can be deduced from the arrangement
of the corresponding oval-shaped alignment holes 19
visible on the PCB 9 in fig. 9.

[0047] When the lamp 1 is assembled, the alignment
pins 18 pass through the alignment holes 19 inthe PCB 9
and in the heat sink 11. The oval shape is for allowing
assembly despite any potential manufacturing impreci-
sions, and the alignment members align each of the
portions 6 individually with respect to the PCB 9, and
thus also the LEDs, in Y a Z directions of the headlight 23.
For a correct alignment of the primary optical element 3
relative to the PCB 9 and the LEDs in the X direction,
there are further provided shorter pins on the back side of
the primary optical element 3 (see fig. 2). These shorter
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pins do not have corresponding holes, but they contact
the PCB 9 with their free ends and thus keep the primary
optical element 3 at a desired distance from the LEDs.
[0048] As a result of the above-described individual
alignment of the portions 6 with respect to the PCB 9,
each portion 6 remains centred regardless of expansion
of other portions 6. Each portion 6 is only affected by its
own expansion, at a much smaller scale than the whole
primary optical element 3 would be. The PCB 9 is made
from a material with a very small thermal expansion
coefficient and it'’s thus suitable for keeping the primary
optical element 3 properly centred.

[0049] The optical function of the primary optical ele-
ment 3 is provided by the primary segments 12. Each
primary segment 12 serves for preprocessing light from
one of the LEDs before the secondary optical element 5
processes the light further and directs it towards the road
to illuminate its corresponding area 15 for illumination.
Each primary segment 12 has its own shape, which is
designed in relation to a corresponding secondary seg-
ment 13 on the secondary optical element 5 (further
described below). Each segment has an entry surface
for receiving light form the corresponding LED and an exit
surface for outputting light towards the secondary optical
element5. The entry surfaces of the primary segments 12
are substantially planar, while the exit surfaces have a
protruding pillow-like shape. This shape is a freeform
lens shape in the exemplary embodiment. Simulation
software for modelling lens shapes according to a de-
sired optical function or parameters is known in the art
and can be used to obtain the shape of the optical ele-
ments of the vehicle lamp 1.

[0050] As can best be seen in fig. 4, which shows the
primary optical element 3 from the front, there are three
portions 6 with four segments in two rows, and one
portion 6 with three segments in a single row. The por-
tions 6 with four segments have the segments partially
overlapping. The primary segments 12 also partially
overlap the expansion joints 7 - there are openings in
the joints behind the overhanging segments so that the
segments don’t have any impact on function of the ex-
pansion joints 7. Each expansion joint 7 in this embodi-
ment is formed by two curved arms which are separated
by the rectangular opening.

[0051] The arrangement of the primary segments 12 is
affected by expected operating temperature of individual
LEDs. The LEDs corresponding to the primary segments
12 which are in the single row illuminate the area directly
infront of the automobile. Thisarea 15 (marked as "I, J, K"
in the schematic diagram in fig. 15) needs the highest
intensity of illumination and so the LEDs directed here are
stronger and produce more heat. It is therefore advanta-
geous to give these LEDs more space to prevent over-
heating and that’s why these three LEDs and their corre-
sponding primary segments 12 are in the single row with
no neighbouring LEDs/segments next to them.
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Lens holder 4:

[0052] Thelens holder4 is made from non-transparent
plastic. It has several purposes. Firstly, it carries the
secondary optical element 5. There are four snapping
arms on the front side of the lens holder 4 and the
secondary optical element 5 has a flange (see fig. 8)
which can be caught be the arms. The arms can be seen
in fig. 7 - two of them are visible, the other two are hidden
behind the first two - they are the parts of the lens holder 4
extending the farthest to right in fig. 7. Each of the arms
has an inclined protrusion at its free end, which enables
the secondary optical element 5 to be inserted into the
lens holder 4 but prevent its removal from the lens holder
4.

[0053] Secondly, the lens holder 4 presses on the
primary optical element 3. The lamp 1 is held together
by screws and these screws force the lens holder 4
towards the PCB 9 and heat sink 11, such that the primary
optical element 3 is squeezed in-between. There are
pressing protrusions 22 provided on the back side of
the lens holder 4 (see fig. 6) which are in contact with
the primary optical element 3. This helps keeping the
primary optical element 3 straight and steady during use.
[0054] Thirdly, the lens holder 4 comprises mounting
pins 21 (see fig. 7) which keep the lamp 1 components
centred in Y and Z directions. The mounting pins 21 pass
through the mounting recesses 20 in the primary optical
element 3 and also through the similarly shaped re-
cesses inthe PCB 9 and the heatsink 11. These recesses
also serve for aligning the components during mounting,
as will be described in more detail further below. The lens
holder 4 also has another kind of pressing elements -
these further pressing elements are pushing the PCB 9
towards the heat sink 11 to keep it from bulging. They are
the right-most elements in fig. 6.

[0055] Anotherfunction of the lens holder 4 is in shield-
ing the light exiting individual primary segments 12 from
any stray light from the other primary segments 12. This
stray light might cause inhomogeneities in the illumina-
tion pattern on the road, it could blind oncoming traffic etc.
The lens holder 4 thus has a shielding grille which creates
a tunnel for each primary segment 12 (see fig. 6 or 13).
The walls of the tunnel enclose the respective light beam
and prevent mixing of the light beams from different
LEDs.

[0056] The lens holder 4 has number of matted sur-
faces in order to reduce glare. All the surfaces of the grille
can be matted. These surfaces absorb light, instead of
reflecting it, which again prevents creation of inhomo-
geneities in the illumination pattern on the road. The
matting in the exemplary embodimentis done by increas-
ing roughness of these surface - e.g., an injection mould
for creating the lens holder 4 has corresponding surfaces
with an increased roughness.
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Secondary optical element 5:

[0057] The secondary optical element 5 can be from
the same material as the primary optical element 3, e.g., it
is from one piece of polycarbonate. The secondary op-
tical element 5 has fifteen secondary segments 13, si-
milarly to the primary segments 12 on the primary optical
element 3. Each secondary segment 13 has its individual
shape, provided by the computer simulation together with
the shape of the corresponding primary segment 12. This
shape is modelled such that the segment sends the light
passing through into a desired direction to a desired area
15 for illumination. The position and size of this area 15,
which can be a part of the road ahead or a part of a vertical
surface in front of the lamp 1, is one of the parameters
given to the simulation software.

[0058] Each secondary segment 13 has an entry sur-
face for receiving light from the corresponding primary
segment 12. The entry surfaces in the illustrated embodi-
ment protrude rearwards from the secondary optical
element 5 (see figs. 5 and 8 and 9). It can be seen in
fig. 8 that the secondary segments 13 corresponding to
the three primary segments 12 in the single row have
larger width the other secondary segments 13 - they
extend through the whole width of the secondary optical
element 5 while the other secondary segments 13 extend
through a half of the width.

[0059] The left and right sides of the secondary optical
element 5 comprise grooves or teeth which improve
homogeneity of the outputted light by preventing or
breaking up glares, similarly to the matted surface of
the lens holder 4.

[0060] Each secondary segment 13 further has an exit
surface for outputting light. These surfaces are substan-
tially planar in the depicted embodiment, but they com-
prise micro-optical elements for increasing homogeneity.
These elements can be grooves, scratches, micro-lens,
mutually inclined sub-surfaces etc. Their sizes can be
e.g., up to 0.5 mm in at least two of their dimensions.
[0061] Each of the LED sub-sources 10 of the light
source 2 thus has a corresponding primary segment 12,
corresponding tunnel in the shielding grille and a corre-
sponding secondary segment 13. These mutually corre-
sponding parts together form a sub-module 14. The sub-
modules 14 have basically independent illumination
functions - they do not influence each other, share light
between themselves etc. They however share the optical
elements which significantly simplifies assembly of the
lamp 1 and decreases production costs. In other words,
the sub-modules 14 can be optically/luminously indepen-
dent, but mechanically dependent by sharing the optical
elements. As a result, they can each be designed indi-
vidually but are manufactured and assembled together.
On the illuminated surface, each module illuminates a
certain area 15 for illumination - these areas 15 together
partially overlap and form the whole illumination pattern
of the lamp 1, e.g., a high-beam light function. The
desired shape and intensity of the pattern is known in
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the art and usually is to some extent prescribed by traffic
laws. A diagram of a sub-module 14 is depicted in fig. 14,
together with an image of the resulting area 15 for illu-
mination.

[0062] Thanks tothe mutual independence of the sub-
modules 14, each sub-module 14 can direct light to any
desired partofthe road, i.e., its corresponding area 15 for
illumination can be located anywhere in the lamp’s 1 "field
of vision". In the first exemplary embodiment, the sub-
modules 14 have a substantially vertical arrangement
illustrated in fig. 16A. The sub-modules 14 are thus
placed in rows where each row only has one or two
sub-modules 14. In the resulting headlight 23 (see fig.
10), the lamp 1 thus appears as a substantially vertical
bright line with height much larger than width. On the road
/ on a vertical surface in front of the lamp 1 however, the
corresponding areas 15 forillumination are placed nextto
each other at the same height / distance from the auto-
mobile. Some of the areas 15 are stretched more or less
up and down or left and right, in accordance with the
overall desired shape and intensity of the resulting illu-
mination pattern of the lamp 1 The arrangement of the
areas 15 is thus rotated by approximately 90° with re-
spect to the arrangement 16 of sub-modules 14.

[0063] Figs. 15and 16A show each sub-module 14 and
area 15 marked by a letter so that corresponding sub-
modules 14 and areas 15 are easily discernible. The light
beams from different sub-modules 14 can cross each
other and can have totally independent directions. The
desired illumination pattern, which is always almost the
same for specific illumination functions, can thus be
provided by any arbitrary arrangement 16 of sub-mod-
ules 14, e.g., given by customer requirements for design
of the lamp 1. The shape and inclination of the primary
and secondary segments 13 of each sub-module 14 can
be obtained by a simulation software, but the resulting
optical elements are very complex and thus very sensi-
tive to precision of assembly. Thermal expansion gen-
erally disrupts the precision. Therefore, the limited impact
of thermal expansion achieved by the expansion joints 7
connecting the individually centred portions 6 of the
primary optical element 3 is very advantageous.

[0064] For example, the perceived rotation of the ar-
rangements between the sub-modules 14 and the areas
15 is sensitive to the thermal expansion - without the
expansion joints 7, the amount of rotation changes with
temperature of the primary optical element 3. The pattern
on the road would thus have different inclination with
respect to the Y direction (from left to right) when the
lamp 1 is just turned on than when the lamp 1 reaches its
higher operating temperature. This change in inclination
is of course undesirable and such a headlight 23 would
not meet legal requirements.

Assembly:

[0065] Theassembly ofthelamp 1 according to the first
embodiment basically follows the method described in
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W02022242783 A1. A mounting support 24 with three
pins is used as a base for the assembly and the mounting
recesses 20 on the light source 2, the primary optical
element 3 and the lens holder 4 receive these pins. The
recesses on the light source 2 and the primary optical
element 3 also receive the corresponding mounting pins
21 of the lens holder 4 once the lens holder 4 is mounted
on the mounting support 24.

[0066] Infig. 11, only the heat sink 11 is placed on the
mounting support 24. The pins of the support protrude
above the heatsink 11. Infig. 12, the PCB 9 as well as the
primary optical element 3 are added to the pins of the
support. The lens holder 4 is then added in fig. 13. The
secondary optical element 5 can also be added to the
lens holder 4, but it does not come into contact with the
mounting support 24. The mounting support 24 thus
keeps the components together and mutually aligned
so that they can be screwed together. The lamp 1 is then
removed from the mounting support 24.

[0067] In a second exemplary embodiment, the con-
struction of the lamp 1 is the same as in the first embodi-
ment. The only difference is in the arrangement of the
sub-modules 14, which is shown in fig. 16B, and thus in
the shape of the primary segments 12 and secondary
segments 13. The arrangement 17 of areas 15 is the
same as in the first embodiment, i.e., it's shown in fig. 15,
but since the arrangement of the sub-modules 14 is
different, the sub-modules 14 need to have differently
shaped optics in order to direct the light to the corre-
sponding areas 15.

[0068] While in the first embodiment the arrangement
16 of sub-modules 14 was inspired mostly be design
reasons, e.g., a customer wanted headlight 23 with ver-
tically extending modules, in the second embodiment,
the sub-modules 14 are arranged according to their
operating temperature. Since some parts of the road
need to be illuminated with higher intensity, some LEDs
of the light source 2 need to have higher power. As a
result, these LEDs produce more heat. Fig. 16A sche-
matically shows the temperature of the sub-modules 14
along the lamp 1 - it can be seen that the three LEDs for
illumination ofareas 151, J, K, where the road needs to be
the brightest, heat their respective sub-modules 14 to
higher temperatures. The highest temperature is at sub-
module 14 J, since itis placed between sub-modules 14 K
and | which are also more powerful and thus heat sub-
module 14 J even more.

[0069] The arrangement 16 of sub-modules 14 in the
second embodiment in fig. 16B has the three hottest
LEDs separated by groups of colder LEDs. Each sub-
module 14 still illuminates the same area 15 at the same
position on the road / on the vertical surface, so from the
outside, there is no visible difference between the first
embodiment and the second embodiment. However, as
can be seen in fig. 16B, since the three hottest LEDs /
sub-modules 14 are not grouped together, they don’theat
each other as much and their individual operation tem-
peratures are thus lower. Three peaks can stell be seenin
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temperature graph in fig. 16B, but these peaks are smal-
lerthan the oneinfig. 16A. The highesttemperature in the
lamp 1 is thus lowered by the arrangement 16 of sum-
modules 14 according to the second embodiment. The
temperatures along the lamp 1 are also more uniform.
[0070] Since askilled person knows beforehand which
LEDs are expected to have higher temperature when the
lamp 1 is on, the expected operating temperature or the
expected amount of heat produced by each LED or sub-
module 14 can be taken into account when designing the
lamp 1. The skilled person can design the arrangement
16 of sub-modules 14 themselves or the operating tem-
perature can be input into a simulation software which
outputs the arrangement as well as the shape of each
segment.

[0071] It is apparent that the sub-modules 14 can be
arranged in many more different ways, based on design
requirements, heat outputs of the LEDs, available space
in a headlight etc. Cooling intensity of the heat sink 11 can
also be considered, as well as the fact that hotter air tends
to go upwards. E.g., the heat sink 11 might have the
highest cooling intensity at its lower portion, so one of the
hotter sub-modules 14 can be the downmost sub-module
14. Another of the modules can be the upmost sub-
module 14, since the heat from this sub-module 14 won’t
have any higher located sub-module 14 to heat.

[0072] Two more examples of sub-module 14 arrange-
mentare shownin fig. 18. Infig. 18A, the sub-modules 14
have a circular arrangement. This can for example be a
result of customer requirement on lamp 1 design. The
primary and secondary segments 13 are then again
shaped and oriented such that they individually illuminat
their corresponding areas 15 for illumination and the
illumination pattern on the road thus looks the same as
for the first embodiment. In fig. 18B, the arrangement 16
of sub-modules 14 is in the shape of "V", which again can
be required by design, but can also provide three sub-
module 14 locations where the sub-module 14 is not
surrounded by other sub-modules 14 on both sides.
These locations thus contain sub-modules 14 I, J, a K.
The heat from these three sub-modules 14 thus dissi-
pates more freely.

[0073] Many more further configurations will be appar-
ent to a skilled person. In some embodiments, the ar-
rangement 16 of sub-modules 14 can be horizontal, as is
typical for matrix headlights 23, but the individual LEDs
can again be arranged such that the hotter LEDs are
apart from each other. The number of sub-modules 14
can be different than fifteen, there can e.g., be additional
sub-modules 14 for illumination of traffic signs etc.
[0074] In other alternative embodiments, the primary
optical element 3 can have protruding entry surfaces and
substantially flat exit surfaces and/or the secondary op-
tical element 5 can have substantially flat entry surfaces
and protruding exit surfaces.

[0075] The number of portions 6 of the primary optical
element 3 can be different as well. At least two portions 6
are needed, butatleast three portions 6 are preferable for
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fully utilizing the advantages of the expansion joints 7.
The number of primary segments 12 on each portion 6
can also be different - there can be portions 6 with only a
single primary segment 12 onthem, there can be portions
6 carrying five or more segments etc. The expected
operating temperature can be considered when choos-
ing the number of segments for the portions 6.

[0076] The complexity of the optics can also be con-
sidered when choosing the number of portions 6 or the
numbers of segments for each portion 6. For example, for
a less complicated optical element geometries, e.g.,
when the arrangement 16 of submodules is horizontal
and the sub-modules 14 have the same order as the
areas 15, two portions 6 on the primary optical element 3
can be sufficient. On the other hand, for more complex
geometries, e.g., when the segments have micro-optics
on their entry and/or exit surfaces and the arrangement
16 of sub-segments is significantly different from the
arrangement 17 of areas 15 (e.g., as depicted in fig.
18), more portions 6 with less segments per portion 6
can be advantageous. In some embodiments, there can
even be only a single segment on some or all portions 6.
[0077] The expansion joints 7 can have different
shapes than in the depicted embodiments. E.g., there
can be only one or only two curved parts 8 on the joint. Or
the shape of the joint can be such that the curve lies in the
plane of the body of the element. |.e., when viewed from
the side, the expansion joints 7 can be undiscernible, but
when viewed from the front, each joint can be seen as a
section of the element with cutouts and curved arms
connecting the portions 6. For example, the two lateral
arms forming the expansion joints 7 in fig. 1 can be
rotated be 90° and thus can be fully placed between
the portions 6 without protruding forwards or backwards.
[0078] Instead of the two curved arms separated by an
opening, an expansion joint 7 can e.g., have only one arm
which extends across the whole width of the primary
optical element 3. The primary segments 12 then pre-
ferably do not overhang their respective portions 6.
[0079] The mounting and assembly members and ele-
ments can also be different. Any way of assembling
lamps 1 and aligning their component known to a skilled
person can be used as a part of the lamp 1.

Reference list
[0080]

Lamp

Light source

Primary optical element
Lens holder

Secondary optical element
Portion

Expansion joint

Curved part

Printed circuit board

0. Sub-source
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11.  Heat sink

12.  Primary segment

13.  Secondary segment
14.  Sub-module

15.  Area for illumination
16.  Arrangement of sub-modules
17.  Arrangement of areas
18.  Alignment pin

19.  Alignment hole

20. Mounting recess

21.  Mounting pin

22.  Pressing protrusion
23. Headlight

24.  Mounting support

Claims

1. Vehicle lamp (1) comprising a light source (2), a
primary optical element (3), a lens holder (4) and a
secondary optical element (5), wherein the primary
optical element (3) is held between the light source
(2) and the lens holder (4), characterized in that the
primary optical element (3) contains at least two
portions (6) and it further contains at least one ex-
pansion joint (7) for limiting effects of thermal expan-
sion of adjacent portions (6) on each other, wherein
adjacent portions (6) are separated from each other
by at least one expansion joint (7), wherein each
portion (6) comprises atleast one alignment member
forindividual alignment of the portion (6) with respect
to at least one other part of the lamp (1).

2. The vehicle lamp (1) according to claim 1 wherein
the portions (6) of the primary optical element (3) and
the at least one expansion joint (7) are made from a
single piece of material.

3. Thevehicle lamp (1) according to any of the preced-
ing claims wherein each expansion joint (7) is
formed as a curved section of the primary optical
element (3) and/or a section of the primary optical
element (3) having a reduced cross-section.

4. The vehicle lamp (1) according to claim 3 wherein
each expansion joint (7) has a cross-section having
three curved parts (8), wherein one of the curved
parts (8) which is located between the other two
curved parts (8) is curved in opposite direction than
the other two curved parts (8).

5. The vehicle lamp (1) according to any of the preced-
ing claims wherein the lens holder (4) is pressed
against the primary optical element (3) at each por-
tion (6).

6. The vehicle lamp (1) according to any of the preced-
ing claims wherein the primary optical element (3)
has a substantially planar light entry surface and/or
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the secondary optical element (5) has a substantially
planar light exit surface.

The vehicle lamp (1) according to any of the preced-
ing claims wherein the light source (2) comprises a
printed circuit board (9) with LED sub-sources (10)
and a heat sink (11), wherein the light source (2)
comprises complementary alignment members for
the alignment members of the primary optical ele-
ment (3).

The vehicle lamp (1) according to any of the preced-
ing claims wherein each portion (6) of the primary
optical element (3) comprises at least one primary
segment (12), wherein each primary segment (12) is
individually shaped and oriented for processing and
directing light from the light source (2).

The vehicle lamp (1) according to claim 8 wherein
the secondary optical element (5) comprises multiple
secondary segments (13), wherein each secondary
segment (13) is aligned with a corresponding pri-
mary segment (12), wherein each secondary seg-
ment (13) is individually shaped and oriented for
processing and directing light from the correspond-
ing primary segment (12).

The vehicle lamp (1) according to claim 9 wherein
the lens holder (4) comprises a shielding grille for
separating light beams passing between corre-
sponding primary segments (12) and secondary
segments (13).

The vehicle lamp (1) according to claim 10 wherein
the shielding grille has at least one roughened or
matted surface for reducing glare.

The vehicle lamp (1) according to any of claims 8 to
11 wherein each primary segment (12) with its cor-
responding secondary segment (13) have a corre-
sponding light sub-source (10) on the light source
(2), wherein the mutually corresponding primary
segment (12), secondary segment (13) and sub-
source (10) form an illumination sub-module (14)
for illuminating an area (15) in front of the lamp
(1), wherein light output directions of at least some
sub-modules (14) are mutually nonparallel wherein
arrangement (16) of sub-modules (14) on the lamp
(1) is different than arrangement (17) of their corre-
sponding areas (15) for illumination.

The vehicle lamp (1) according to claim 12 wherein
for at least some of the sub-modules (14), the ar-
rangement (16) of sub-modules (14) on the lamp (1)
is rotated with respect to the arrangement (17) of
their corresponding areas (15) for illumination,
wherein some of the sub-modules (14) are arranged
vertically one above another and when the lamp (1)
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14,

15.

22

illuminates a flat vertical surface from a pre-defined
distance, the corresponding areas (15) for illumina-
tion by the vertically arranged sub-modules (14) are
arranged on the surface at substantially the same
height.

The vehicle lamp (1) according to any of claims 12 to
13 wherein the sub-modules (14) are arranged in
the lamp (1) based at least partially on their operating
temperature, wherein some sub-modules (14) with a
higher operating temperature are separated from
each other by at least one sub-module (14) with a
lower operating temperature, wherein the areas (15)
for illumination by the sub-modules (14) with the
higher operating temperature are directly adjacent
or overlapping.

Vehicle headlight (23) characterized in that it com-
prises multiple illumination modules, wherein atleast
two of the illumination modules are vehicle lamps (1)
according to any of claims 12 to 14.
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