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(57) Abstract: The invention involves a lighting element of which it is possible to assemble various lighting arrangements. The

lighting elements consist of one or more light sources (805a, 805b), a reflecting surface (802) and means for supplying power to the

light source. The light source or light sources are kept substantially above the reflecting surface supported by a support element,
I~ whereby light emitted everywhere by the light source can be effectively utilised. The reflecting surface directs the light substantially
@D in the lighting direction of the lighting element past the light source. Around the light source, there is a collar structure (804) manu-
& factured of light-reflecting material which controls the light substantially in the lighting direction. Covers (806) and a stand (801) of
&\ the lighting elements are designed such that it is possible to join the lighting elements together to form a lighting arrangement In the
& reflecting surface, there can be a protrusion which reflects light fallen on it past the light source in the lighting direction. The light

sources obtain their power via the support elements, The collar structures can be designed such that the light sources surrounded

by the collar structures are locatable into connection with each other. The light sources surrounded by the collar structures can be

located as a circle, whereby the reflecting surface reflects light emitted from the light sources via an opening in the middle of the
a circle. As the light source, electric light sources are usually utilised. The invention is especially suitable for LED lights.
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Lighting element

The invention relates to a lighting element which comprises one or more light
sources, a reflecting surface and means for supplying power to the light source.

Generally, the light sources of light fittings, such as e.g. filaments, halogen tubes,
light emitting diodes, gas-discharge lamps and equivalents, emit light in every di-
rection. However, lighting is usually required at some certain direction or target
where this elsewhere emitting light would be useful to control. This elsewhere
emitting light has generally been controlled in the direction of the target with vari-
ous reflectors or lens systems surrounding the light source. In practice, part of the
light of the light source remains unutilised due to the structure of the light source
and the light fitting.

The use of small light sources in illumination is problematic, because they do not
supply a lot of light individuaily and produce a point source of light due to their
small size. Packing small light sources very closely, again, causes the light
sources to heat up, which shortens their operating life.

Patent publication US5921666 describes a lighting fixture recessed in the ceiling.
There is a reflecting surface with multiple ellipsoidal segments which have a
common focal point. The lighting fixture is covered by a planar structure in which
there is a slot at the point of the common focal point. Each ellipsoidal segment has
its own light source the light of which is collected and directed via the slot for the
ilumination purpose. The reflecting surface can in this arrangement become quite
complex. Furthermore, some light of the light sources goes to waste. Also, reduc-
ing the size of the lighting fixture is problematic and the shaping or directing of the
light beam is not possible.

Patent publication US7246917 describes a lighting element using a light emitting
diode lamp as the light source, of which element it is possible to construct a tower-
like light fitting. In this arrangement, some light of the light source goes to waste
and the lighting element is only suitable for constructing a specific structure. Simi-
larly, the shaping or directing of the light beam is not possible.

The object of the invention is to introduce a lighting element by means of which
flaws and disadvantages related to known prior art can be substantially minimised.
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The objects according to the invention are achieved by means of a lighting ar-
rangement which is characterised by what is presented in the independent claim.
Some advantageous embodiments of the invention are described in the depend-
ent claims.

The basic idea of the invention is a lighting element which uses the light of its light
source as effectively as possible. The lighting element consists of one or more
light sources, a reflecting surface and means for supplying power to the light
source. According to the invention, the light source or light sources of the lighting
element are located in respect of the reflecting surface so that light coming from
the light source in the direction of the reflecting surface is arranged to be reflected
past the light source in the lighting direction of the lighting element. Then, the light
of the light source emitting everywhere can be utilised as effectively as possible
when the light source itself does not operate as a shading factor. The reflecting
surface is located or designed so that it directs light substantially in the lighting
direction of the lighting element. By shaping the reflecting surface and directing
and positioning the light sources, light reflected from the reflecting surface is di-
rected past the light source or light sources in the lighting direction. Advanta-
geously, light coming from the light source in the direction of the reflecting surface
is reflected in the lighting direction via one reflector,

In an advantageous embodiment of the lighting element according to the inven-
tion, the part of the reflecting surface which is close to the bottom of the lighting
element, i.e. the part in the opposite direction of the lighting direction of the light-
ing element, is at least partially parabolic. In another advantageous embodiment
of the lighting element according to the invention, the part of the reflecting surface
which is close to the bottom of the lighting element is even. The reflecting surface
is arranged to reflect light fallen on it past the light sources.

In an embodiment, there can be a protrusion or an equivalent shaping in the re-
flecting surface of the lighting element. This protrusion is substantially below the
light source of the lighting element i.e. in the part of the reflecting surface of the
lighting element which is close to the botiom of the lighting element so that the
protfrusion reflects light falling on it substantially past the light source in the lighfing
direction of the lighting element. The protrusion is desighed such that the tight
come to it from the light source is principally reflected directly in the lighting direc-
tion i.e. the light undergoes anly one reflection. Advantageously, the sides of the
protrusion are curved and it has a peak. The protrusion can also be asymmetric.
There being several light sources in the lighting element, each light source has its
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own protrusion or the protrusion is designed such that it is able fo reflect the light
of all light sources. It is also possible to arrange several protrusions of which each
reflects the light of one or more light sources. The protrusion can also be a ridge-
like structure. The sides of this ridge-like structure can be curved and the peak
pointed. To control the light past the light source in the lighting direction, it is also
possible to use in some embodiments the locating and positions of the light
sources and other shapes of the reflecting surface in addition to protrusions.

In an embodiment, the walls of the reflecting surface have been stepped accord-
ing to the Fresnel reflecting surface. Substantially, the stepping is on the plane of
the light source and from there towards the bottom of the lighting element. In an
embodiment, there is below the light source a cavity designed in the reflecting sur-
face which reflects iight past the light source in the lighting direction.

Support elements of the light sources of the lighting element according to the in-
vention are designed such that they disturb the travel of light as little as ‘possible in
the lighting direction of the lighting element. In an embodiment, the light sources
obtain their power via the support elements. In an embadiment, the surface of the
support elements is of light-reflecting material. In an embodiment, the support
elements are implemented with light sources surrounded by collar structures.

A collar structure according to the invention fastened in the light source controls
light emitting sidewards of the light source substantially in the lighting direction of
the lighting element. The collar sfructure is a structure which substantially opens in
the lighting direction. In an embodiment, the collar structure conveys heat pro-
duced in the light source away from the light source. In another embodiment, the
collar structure reflects light both from its inner and outer surfaces. The shape of
the collar structure can affect the refiection of light. In an embodiment, the collar
structure is designed such that the light sources surrounded by collar structures
are locatable into connection with each other. Advantageously, the shape of the
collar structure is a hexagon. In an embodiment, the light sources surrounded by
collar structures are positioned as a circle. The collar structures of different light
sources of the same lighting element can be of various sizes and shapes. The
inner and outer surfaces of the collar structure can be of different shapes. The
inner and outer surfaces of the collar structure have been desighed to control the
reflection of light. The inner surface of the collar structure can e.g. be stepped in
an embodiment. Also the outer surface of the collar structure can be stepped.
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It is possible to assemble various lighting arrangements of the lighting elements.
The lighting arrangement consists of one or more lighting elements. The covers
and the stand of lighting elements are designed such that it is possible to join light-
ing elements together. In an embodiment, the covers and the stand of the lighting
elements are designed such that lighting elements are arrangeable as a plane.
Then, it is possible to constitute surfaces or patterns of various shapes of the light-
ing elements. In another embodiment, the covers and the stand of the lighting
elements are designed such that the outer surface emitting light of the lighting ar-.
rangement constituted of lighting elements forms a curved surface. In an embodi-
ment, the cover and the stand of the lighting elements are designed such that they
constitute a curved surface so that the lighting element forms a separate light fit-
ting.

In an embodiment, the covers and the stand of the lighting element are designed
in the form of an equilateral hexagon.

In- an embodiment, the light source of the lighting element is an electric light
source.and the power is electric current. Advantageously, the light source is a LED
light. In another advantageous embodiment, the light source is afilament.

An advantage of the invention is that the luminous efficiency of the light source
can pe more effectively utilised when it controls the previously unutilised light of
the light source in the lighting direction. Furthermore, it diffuses light when using
small-sized light sources which otherwise would produce point light.

Additionally, an advantage of the invention is that it enables the use of low-
powered light sources whereby energy is saved. Light sources employing less en-
ergy also heat up less and have a longer life.

Furthermore, the collar structure of the lighting element according to the invention
supporis the light source and conveys heat away from the light source. The collar
structure also enables arranging various light source arrays in the lighting element.
By means of the collar structure, the lighting direction of the light source can be
adjusted. The collar structure also enables implementing the support elements of
the lighting element with light sources surrounded by collar structures.

A further advantage of the invention is that it is possible to easily assemble of the
lighting elements various lighting arrangements for different intended uses and
targets. With lighting arrangements according to the invention, it is possible to il-



10

15

20

25

WO 2009/087264 . PCT/F12009/000001

5

luminate large surfaces considering the shape of the surface being illuminated
and the illumination requirements at different points.

The invention will now be described in detail. The description refers to the accom-
panying drawings in which

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

1

2

10

11

12

shows directions and desighations used when describing the invention,

shows by way of an example a light source, a reflecting surface and a
collar structure of a lighting element according to the invention,

shows by way of an example a light éource and a shaped reflecting sur- .
face of a lighting element according to the invention,

shows by way of an example a light source and a shaped reflecting sur-
face of a lighting element according to the invention,

shows by way of an example a side view of a lighting element accord-
ing to the invention,

shows by way of an example a lighting arrangement assembled of the
lighting elements shown in Fig. 5,

shows by way of an example a lighting element according to the inven-
tion,

shows by way of an example a side view of a lighting element accord-
ing to the invention,

shows the lighting element according to Fig. 8 seen from the lighting
direction,

shows a lighting arrangement assembled of the lighting elements
shown in Fig. 8,

shows by way of an example a side view of a lighting element accord-
ing to the invention,

shows by way of an example a side view of a lighting element accord-
ing to the invention,
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Fig. 13 shows the lighting element according to Fig. 12 seen from the lighting
direction,

Fig. 14  shows by way of an example a lighting element according fo the inven-
tion in which support elements have been implemented by light sources
surrounded by collar structures,

Fig. 15  shows by way of an example another lighting element according to the
invention in which support elements have been implemented by light
sources surrounded by collar structures,

Fig. 16  shows by way of an example a lighting arrangement according to the
invention,

Fig. 17  shows a cross section of the lighting arrangement of Fig. 14, and

Fig. 18  shows by way of an example a lighting element according to the inven-
tion.

Fig. 1 shows a simplified lighting element by means of which designations used
are illustrated. The lighting element consists of a reflecting surface 101 and a light
source 102. A lighting direction 103 of the lighting arrangement element is the di-
rection in which the light of the lighting arrangement element has been substan-
tially designed to go. Downwards of the light source is the opposite direction in
respect of the lighting direction of the lighting arrangement element. Sidewards of
the light source is substantially fransverse in respect of the lighting direction of the
light source. A bottom 104 of the reflecting surface is the part of the reflecting sur-
face which is substantially below the light source. A bottom 105 of the lighting
element is the area of the lighting element which is located below the plane of the
light source. An opening surface 106 of the lighting element is the area from which
light comes out from inside the lighting element. The bottom of the lighting ele-
ment and the opening surface of the lighting element are substantially on the op-
posite sides of the lighting element. A longitudinal axis 107 of the lighting element
goes through the bottom and the opening surface of the lighting element and in
relation to it the parts of the lighting element are located substantially symmetri-
cally. Upwards 108 of the lighting element refers to the direction parallel fo the
longitudinal axis from the bottom of the lighting element towards the opening sur-
face 106 and downwards 109 refers to the opposite direction. The lighting direc-
tion 103 can diverge from the up- and downwards directions, because the lighting
direction can in some cases be wide, convergent or directional, whereby in the
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wide lighting direction the rays of light disperse and in the directionat they are sub-
stantially either parallel or narrowing.

Fig. 2 shows by way of an example an arrangement according to the invention for
the effective use of light of a light source of a lighting element. In the lighting ele-
ment, there is a light source 204. The light source is located above a reflecting
surface 201. The light source is kept in place by support elements (not shown in
the figure) via which the light source can be provided with its power. The light
source emits light substantially in every direction: upwards, downwards and side-
wards of the light source. Rays of light 205 emitting from the light source are des-
ignated with dash lines. Similarly in the other figures, the dash lines illustrate the
travel and reflections of rays of light coming from the light source.

The reflecting surface 201 is of light-reflecting material. It is partially parabolic,
whereby it directs light fallen on it. Advantageously, the shape of the reflecting
surface has been chosen such that light coming downwards of the light source
204 is substantially refiected in the lighting direction via one reflector. Fig. 2 shows
the parabolic section of the reflecting surface which extends in this example sub-
stantially on the plane of the light source. The shape of the reflecting surface in
the area upwards from the light source can be e.g. a funnel opening upWards. The

reflecting surface substantially covers the inner surface of the lighting element.

The reflecting surface of the lighting element can consist of several different
shapes and it can be asymmetric.

In the reflecting surface 201, substantially below the light source 204, there is a
protrusion 202 diverging from the parabolic shape. This protrusion is located and
designed so that it directs light fallen on it substantially in the lighting direction and
past the light source. The shape of the protrusion can be uniform or asymmetric,
depending on the location and position of the light source. |

In the light source 204 is fastened a collar structure 203. The collar structure is
designed such that it substantially opens in the lighting direction. The collar struc-
ture is fast of its narrower end in the light source. The collar structure is fastened
so that it does not prevent the passage of light downwards of the light source 204.
At the narrower end of the collar structure, there is a hole reserved for the light
source, whereby the light source comes visible from the hole in question unob-
structedly. Then, it is possible to reflect the light coming downwards of the light
source via the reflecting surface 201 and the protrusion 202 in it past the light
source in the lighting direction. The support elements keeping the light source in
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place are advantageously fastened in the collar structure. The collar structure is of
light-reflecting material at least of its inside. The inner surface of the collar struc-
ture reflects light coming sideways from the light source 204 substantially in the
lighting direction. This lighting direction can be altered by changing the inclination
and shape of the inner surface of the collar structure. The outer surface of the col-
lar structure can also be refiective, whereby light falling onto it is reflected back on
the reflecting surface 201 and from there in the lighting direction. The collar struc-
ture is also-arranged to convey heat away from the light source. The shape of the -
coliar structure seen from the lighting direction can be e.g. circular or that of a
regular polygon. There being several light sources in the lighting element, the col-
lar structures of different light sources can be of various sizes and shapes and
directed differently. The collar structures can be used with several light sources to
connect light sources together and to constitute a sturdy structure. In an embodi-
ment, the support elements are constituted of light sources surrounded by collar
structures. The shape of the collar strugture can be e.g. that.of an opening cone,
ellipsoidic, parabolic or a combination of several. different shapes. In an embodi-
ment, the inner and outer surfaces of the collar structure have been designed dif-
ferently i.e. their shapes do not correspond. each other. For instance, the outer
surface of the collar structure can be of parabolic shape and the inner surface of
conical shape or stepped.

Fig. 3 shows an example in which the bottom of a reflecting surface 301, the p,art
which is below a light source 305, is parabolically designed and it has a protrusion
302 below the light source. The protrusion is designed and located so that light
coming downwards of the light source is reflected from the protrusion past the light
source. After the parabolic bottom, the reflecting surface curves inwards so that
the reflecting surface forms a circular cavity 306. The curvature of the cavity stops
before it closes and the reflecting surface starts to open. This opening part 307 of
the reflecting surface can be e.g. funnel-like or curved or parabolic.

The light source 305 has a collar structure 303. The collar structure controls the
light emitting sidewards of the light source in the lighting direction. The light emit-
ting downwards of the light source is controlled by the cavity 306 constituted of the
reflecting surface 301 and the profrusion 302, These control the light both directly
past the light source and reflecting via the collar structure and the reflecting sur-
face substantially in the lighting direction.

The structure shown in Fig. 3 enables manufacturing the lighting element smaller
of its diameter than e.g. in the embodiment shown in Fig. 2.
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Fig. 4 shows a special case of the embodiment of Fig. 3. Here, the walls of the
cavity being constituted of the reflecting surface below the light source are
stepped, whereby they form a Fresnel reflecting surface. The Fresnel reflecting
surface is an equivalent arrangement to the Fresnel lens in which the directable
lens is stepped, whereby it is obtained thinner than an equivalent normal lens.

The bottom of a reflecting surface 401 is parabolically designed and it has a pro-
trusion 402 below a light source 403. The protrusion is designed and located so
that light coming downwards of the light source is reflected from the protrusion
past the light source. After the parabolic bottom, the reflecting surface has been
stepped with transfer surfaces 406. The transfer surfaces are substantially per-
pendicular in respect of the reflecting surface. Then, in the reflecting surface are
constituted step surfaces 405 which reflect light past the light source directly or by
reflecting via a collar structure 404 and the reflecting surface substantially in the
lighting direction. The transfer surfaces 406 between and adjacent to the step sur-
faces transfer the reflecting surface closer to the light source without Changing the
curvature of the reflecting surface. Then, the size of the lighting element can be
minimised and the luminous efficiency per area unit can be increased.

The structure shown in Fig. 4 enables manufacturing the lighting element smaller

of its diameter than e.g. in the embodiment shown in Fig. 2. In an embodiment,

the inner surface of the collar structure can be stepped in accordance with the ex-
ample shown in Fig. 4, whereby the same advantages as in the stepping of the
refiecting surface will be achieved. Similarly, it is possible to step the outer surface
of the collar structure equivalently. Then, the diameter of the collar structure can
be decreased, but the curvature of the surface will not change.

Fig. 5 shows by way of an example a side view of a lighting element according to
the invention, in which lighting element there is one light source and a parabolic
reflecting surface. In the lighting element, there are a cover 507 and a stand 508.
The stand is below the lighting element. The cover constitutes the sides of the
lighting element. The cover and the stand constitute a system which protects the
lighting element and there are means for joining lighting elements together me-
chanically and electrically to form a lighting arrangement. The lighting element is
protected in the lighting direction by a plate-like protective structure 505. By this
plate-like protective structure, it is still possible to change the tone and colour of
light and to disperse the pointedness of the light source. In different embodiments
of the invention, each lighting element can have its own protective structure or it
covers the whole lighting arrangemerit or is a combination of these. The protective
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structure can be optically designed according to the intended use of the lighting
arrangement.

In the lighting element, there is a reflecting surface 501. This advantageously con-
stitutes the inner surface of the lighting element. The reflecting surface is of light-
reflecting material. By the choice of the material and/or colour of the reflecting sur-
face, the colour temperature of the light of the lighting element can be affected.
The reflecting surface is designed such that it reflects light emitted by a light
source 506 substantially in the lighting direction. The reflecting surface is partiaily
parabolic. Substantially, this parabolic section is below the light source. The re-
flecting surface in areas 504 in the sideways direction of the light source and from
the light source in the lighting direction is substantially uniform and of the shape of
a funnel opening in the lighting direction. In the reflecting surface, there is a pro-
trusion 502 the sides of which are curved. There is a peak in the protrusion. The
protrusioh is below the light source. The protrusion is designed such that it reflects
light emitting downwards of the light source past the light source and a collar
structure 503 surrounding it substantially in the lighting direction of the lighting
element.

In the lighting element, there is the light source 506. The light source can e.g. be
based on a filament, a halogen light, a light emitting diode, or baséd on a chemical
reaction. The light source emits light substantially in every direction. In the lighting
element, there is/are one or more support elements 509. These support elements
keep the light source in place. The support elements are set substantially accord-
ing to the travel direction of light, whereby they shade the light as little as possible.
FUrthermore, power required by the light source can be supplied to the light
source via the support elements. For instance, it is possible to take an electric
cord 510 inside the support element which supplies the light source with electric
current or the support element itself is an electric conductor which is insulated with
varnish or equivalent. Advantageously, the shapes and sizes of the support ele-
ments are such and they have been positioned so that they prevent the travel of
light as little as possible. The support elements can have been arranged to come
to the light source e.g. at the point of possible seams of the reflecting surface or
they circulate the upper edge of the reflecting surface. In an embodiment, one end
of the support element is fast in the protrusion of the reflecting surface and the
other end in the light source. Advantageously, the support element is a tube-like or
thread-like rigid structure, It can be coated with reflective material or manufactured
of reflective material. The support element or some of them can also be fastened
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in the collar structure 503. The support elements can be designed such that they
are heat-conductive, whereby they can be used for conveying heat away from the
light source and/or the collar structure. The support elements are brought through
the reflecting surface 501. There, the power required by the light source is con-
nected to them. When using e.g. a LED light as the light source, the legs of the
LED light component can directly operate as the support elements.

In the light source 506 of the lighting element is fastened the collar structure 603.

This is a structure opening in the lighting direction manufactured of thin sheet
which is fastened of its narrowing end in the light source. The fastening has been
done so that it will not prevent light emitting downwards of the light source from
accessing the reflecting surface. The collar structure has been manufactured of or
coated with reflective material. The inner surface of the collar structure is the sur-
face Whichis towards the light source and the outer surface 1s away from the light
S6urce. Advantageously, it is reflective both of its inner and outer surface. The
collar structure has been designed such that its inner surface reflects light coming
éideways from the light source substantially in the lighting direction. The outer sur-
face of the collar structure reflects the light coming from the reflecting surface
back on the reflecting surface from which the light is further reflected substantially
in the lighting direction. This has beén intended mostly for the diffused light of the
lighting element which can thus be collected for utilisation. The material of the col-
lar structure and its fastening in the light source have been chosen so that it con-
veys heat away from the light source. The shape of the collar structure seen from
thé lighting direction can be e.g. circular, elliptic or polygonal. The shapes of the
inner and outer surfaces of the collar structure can differ from each other.

Fig. 6 shows by way of an example a lighting arrangement which is assembled of

the lighting elements according to Fig. 5. A cover 507 of the lighting element is of

hexagonal shape. Then, the lighting elements can be positioned in a honey-
combed formation. Also other shapes are possible for the lighting element. In the
covers of the lighting element, there are means for fastening the lighting elements
together. Advantageously, the means for the electric coupling of the lighting ele-
ments are in the stands. In the light source 506 of the lighting element is fastened
the collar structure 503. In the case according to the example, the collar structure
is of hexagonal shape. Units can be assembled of the lighting element of which
larger lighting arrangements can be assembled. By combining units consisting of
lighting elements or several elements, it is easily possible to provide lighting ar-
rangements for various targets and intended uses.



10

16

20

25

30

35

WO 2009/087264 PCT/F12009/000001

12

Fig. 7 is a top view of a lighting element according to the invention in which there
are seven light sources 701. The light sources are located slightly separate from
each other. The bottom of the reflecting surface is parabolic and there are protru-
sions which are below the light sources. Light emitting from the lower part of the
light sources falls on the protrusions. The protrusions have been designed such
that light falling on them is reflected past the light source substantially in the light-
ing direction. The inner surfaces of collar structures 702 surrounding the light

-sources reflect the light of the light source emitting sidewards in the lighting direc-

tion. The outer surfaces of the collar structures reflect diffused light fallen on them
back on the reflecting surface from where it is further reflected.

Fig. 8 shows by way of an example a side view of a lighting element according fo
the invention, in which lighting element there are several light sources 805 and a
bottom 802 of the reflecting surface is substantially even.

In the lighting element, there are a cover 806 and a stand 801. The figure shows
two light sources: a first light source 805a and a second light source 805b, There
can be more of the light sources. The light sources are located so that on top of
the middle of the bottom of the reflecting surface there is no light source. The light
sources have been inclined so that rays of light coming downwards of them, to-

‘wards the bottom 802 of the reflecting surface, will never fall below the light

source but closer to the middle of the reflecting surface. These rays of light are
reflected from the bottom of the reflecting surface substantially in the lighting di-
rection from between the first and the second light source. Sides 803 of the re-
flecting surface are substantially even and they constitute a structure opening in
the lighting direction.

The light sources 805 have collar structures 804 the reflective inner surfaces of
which reflect the light of the light scurce emitting sidewards substantially in the
lighting direction. The outer surfaces of the collar structures reflect light reflected
from the bottom 802 and the sides 803 of the reflecting surface back on the re-
flecting surface from which it is further reflected.

Fig. 9 shows the lighting element of Fig. 8 seen from the lighting direction. The
cover 806 of the lighting element is of hexagonal shape. There are six light
sources 805. The collar structures 804 of the light sources are of hexagonal
shape. The light sources are arranged in a circle so that the collar structures of the
light sources are fast in each other. in the middle of the circle constituted by the
light sources and the collar structures remains a hexagonal opening 901, Similarly,
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between the circle constituted by the light sources and the collar structures and
the cover of the lighting element remains an open space 902. Via the opening and
the open space, light emitted downwards of the light sources is reflected from the
middle of the bottom of the reflecting surface. Because the collar structures sup-
port each other, the structure becomes sturdy

Fig. 10 shows by way of an example a lighting arrangement which is assembled of
the lighting, elements according to Fig. 9 in which there are six light sources 805 .
surrounaed by collar structures 804. In the example, there are four lighting ele-
ments but various different combinations are possible. In these, the number and
positioning of the lighting elements can vary, in the caver 806 of the lighting ele-
ments, there are means for fastening the lighting elements together.

Fig. 11 shows by way of an example a side view of a lighting element according to
the invention in which lighting element there are several light sources. The figure
shows-a first light source 1101a and a second light source 1101b. This embodi-
ment differs from the embodiment of Fig. 8 so that a bottom 1102 of the reflecting
surface is substantially parabolic or curved and the light sources are substantially
parallel with the longitudinal axis of the lighting element i.e. they are not inclined.
Light coming downwards of the light sources is reflected from the reflecting sur-
face between the first and the second light source substantially in the lighting di-
rection, The lighting element according to the embodiment of Fig. 11 becomes
brighter than the one of the embodiment of Fig. 8, because the light of the light
sources goes in the same direction. The example of Fig. 11 can be implemented
in accordance with Fig. 9 by positioning the light sources of the lighting element in
the form of a circle, whereby light emitted downwards of the light sources is re-
flected from the opening of the circle and from between the circle and the cover of
the lighting element in the lighting direction.

In an embodiment according to Fig. 11, the bottom of the reflecting surface con-
sists of six identical triangular parts the peaks of which join in the middle of the
bottom of the lighting element. {n another embodiment, the reflecting surface is a
combination of a parabolic and an even surface.

Fig. 12 shows by way of an example a side view of a lighting element according to
the invention. In the lighting element, there are several light sources which are set
in the form of a circle in accordance with the example of Fig. 9. Fig. 12 shows a
first light source 1201a and a second light source 1201b. This embaodiment differs
from the embodiment of Fig. 8 so that the light sources are substantially parallel
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with the longitudinal axis of the lighting element, i.e. they are not inclined, and in
the reflecting surface 1202 there is a ridge-like protrusion 1207 which is of the
form of the circle constituted by the light sources. The protrusion has a peak and
curved sides and it is located substantially below the light sources. The sides of
the protrusion are designed such that it reflects the light emitted downwards of the
light sources past the light sources substantially in the lighting direction.

Fig. 13 shows.the lighting element of Fig. 12 seen from the lighting direction. A
cover 1206 of the lighting element is of hexagonal shape. There are six light
sources 1205. Collar structures 1204 of the light sources are of hexagonal shape.
The light sources are arranged in a circle so that the collar structures of the light
sources are fast in each other. In the middie of the circle constituted by the light
sources and the collar structures remains a hexagonal opening 1301. Similarly,
between the circle constituted by the light sources and the collar structures and an
inner surface 1203 of the cover of the lighting element remains an open space
1302. The ridge of the protrusion 1207 remaining below the Ilght sources is desig-
nated with dash line in the figure. Via the opening and the open space, light emit-
ted ‘downwards of the light -sources is reﬂected via the protruswn Because the
centre ‘points of the light sources form a hexagon, also the protrusuon is of hex-
agonal shaipe. The protrusion and its ridge are designed such that about one third
of the _lighf"emitting downwards of the light source. is reflected via the opening
1301 and about two thirds via the open space 1302. Also other shapes are possi¥
ble for the protrusion.

Fig. 14 shows an example of a lighting element according to the invention in which
the support elements are implemented by light sources 1401 surrounded by collar
structures 1402. The collar structures and an inner edge 1403 of the cover of the
Ilghtlng element are of hexagonal shape. Compared to the example of Fig. 8, two
Ilght sources surrounded by collar structures have been added in the lighting ele-
ment of Fig. 14: a first light source 1401a and a second light source 1401b. The
first and the second light source are located so that their sides are located with the
sides of a circle constituted by six light sources surrounded by collar structures.
Advantageously, the first and the second light source are on the opposite sides of
the circle, whereby the structure becomes sturdy. The first and the second light
source support themselves on the inner edge of the cover of the lighting element
with their sides which are on the opposite side of sides fastened in the circle. The
first and the second light source are located at the corners of the inner edge of the
cover of the lighting element. The power of the light sources of the lighting ele-
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ment comes via the first and/or second light source. The power ¢can be conveyed
by a suitable set either through the cover or it comes over the upper edge of the
cover. In an embodiment, the cover of the lighting element can be designed such
that it is of the shape of the outer side of the structure constituted by the collar
structures. Then, the cover of the lighting element is from every direction in con-
nection with the outer side of the structure formed by the collar structures. The
light emitting downwards of the light sources is reflected from an opening 1406 in
the middle of the circle constituted by the collar structures.

Fig. 15 shows another example of a lighting element according to the invention in
which the suppott elements are implemented by light sources 1501 surrounded by
collar structures 1502, Six light sources surrounded by collar structures are posi-
tioned as a circle. Here, one side of the hexagonal collar structure of each light
source supports itself on a hexagon-shaped inner edge 1503 of the cover of the
lighting element. The power required by the light sources can be brought through
the cover or over the upper edge of the cover. The structure according to Fig. 15
is'very sturdy.

Fig. 16 shows an example of a lighting element according to the invention in which
there are seven lighting elements 1602. In the figure, the lighting arrangement is

.-shown from the top. The lighting elements are hexagonal and they are designed

such that they can be located substantially so that the lighting arrangement be-
comes of the shape of a hemisphere or spherical segment. In the lighting ar-
rangement, there is a stand structure 1601. The structure constituted by the light-
ing elements fastened in each other is fastened in the stand structure. In the stand
structure, there are means for supplying the power to the lighting elements and
means for fastening the lighting arrangement in its place of use and for supplying
the power to the lighting arrangement.

Fig. 17 is a cross section of the lighting arrangement according to Fig. 16. The
cross section is drawn along the dot-and-dash line in Fig. 16 so that it passes via
three lighting elements 1602a, 1602b and 1602¢. In the lighting element, there are
a cover 1605 and a stand 1606. The cover and the stand are designed such that
the lighting element becomes of such shape that the lighting elements can be lo-
cated substantially in the shape of a hemisphere or spherical segment. The light-
ing elements of the lighting arrangement do not have to be necessarily similar. In
an area between the middle lighting element 1602b and the stand structure 1601,
it is possible to locate means for conveying power and fastening and support
structures. In an example according to Fig. 17, light sources 1603 and a reflecting
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surface 1604 of the lighting elements are arranged so that the lighting directions of
the lighting arrangement elements are substantially parallel with the longitudinal
axes of the lighting arrangement elements. Then, the lighting arrangement emits
light to the whole semispace. By combining two of the described lighting arrange-
ments, a spherical lighting arrangement is provided.

It is also possible to make e.g. a lighting arrangement in which the light sources
1603 and the reflecting surface 1604 of the outmost lighting elements are set so
that their lighting direction has substantially turned in the same direction with the
lighting direction of the middle lighting element 1602b. In this case, the light beam
of the lighting arrangement is narrower and simultaneously brighter.

Fig. 18 shows an example of a lighting arrangement which consists of one lighting
element according to the invention. The lighting arrangement is quite similar to the
example shown in Figs. 16 and 17, but it is an individual lighting element accord-
ing to the invention. In the lighting element, there are a reflecting surface, a stand
1802, light sources 1809, and a hemispherical protective structure 1806. In the
stand, there are means for the mechanic and electric joining of the lighting ele-
ment. Advantageously, the means convey power to the light sources, wirings and
other possibly required components are located in an area 1807 remaining be-
tween the reflecting surface and the stand.

The reflecting surface consists of several different parts. On the edge areas of the
lighting element, the reflecting surface 1801a, b is parabolic below the light
sources 1809 and in the middle area of the lighting element the reflecting surface
1803 is even below the light sources. The parts helow the light sources of the re-
flecting surface reflect light coming on them from the light sources past the light
sources in the lighting direction. Reflecting surface areas of different shapes are
separated by ridge structures 1808. Their sides are also of the reflecting surface.
The reflecting surface 1805 against the stand 1802 can be designed for directing
the light.

In the lighting element according to the example of Fig. 18, the light of several
small light sources can be collected and directed at the use target. The light
sources can be located for facilitating the assembly and the supply of power as a
formation consisting of several light sources. An advantageous formation is a cir-
cle consisting of six light sources. In the case according to the example, there are
seven of these circles. Then, quite high luminous efficiency is provided. By choos-



10

15

20

25

30

WO 2009/087264 PCT/F12009/000001

17

ing the shapes of the reflecting surface and the positions of the light sources, the
lighting direction can be altered and directed.

Also other shapes of lighting arrangements assembled of lighting elements are
possible than the lighting arrangements of plane surface and spherical segment
shapes described here.

The lighting arrangement can include various lighting elements. For instance,
there can be mixed lighting elements of one light source and several light sources
in the lighting arrangement. Then, brighter light is provided at some point of the
lighting arrangement. The lighting directions of the lighting elements of the lighting
arrangement can be different at different points of the lighting arrangement,
whereby more light is provided at some certain point. Also, the outputs and other
properties of the light sources can vary.

The reflecting surface of the lighting element can be a combination of different

shapes of a reflecting surface. Different light sources aof the lighting element can

have a different reflecting surface below them. Also, the light sources need not be
on the same plane.

It is possible to use several types of devices as the light sources in lighting ele-
ments. It is substantial that the light source emits light in different directions. Here,
known arrangements can be utilised. Usually, electric light sources are used,
whereby the power is electric current. The light emitting diode i.e. the LED light is
an-advantageous choice for the light source. The light emitting dicde emits light
also sideways and backwards and the invention enables their utilisation. This
makes the relation of price and luminosity of the LED light more cost-effective.
The invention also helps to eliminate many disadvantages coming up in the light-
ing use of the light emitting diode, which are e.g. the low luminous efficiency of a
single light emitting diode and its spot-like quality. The invention also helps to save
energy when low-power light sources can be used in the lighting arrangement for
providing the same luminosity. The invention is also applicable to gas-discharge
lamps or a filament, whereby the lighting element is constructed inside the lamp. A
possible light source is also optical fibre in which the emitting end of the optical
fibre is the front part of the light source and the base part of the optical fibre in
which light is supplied to the optical fibre is the back part of the light source.

Some advantageous embodiments according to the invention were described
above. The invention is not limited to the above-described solutions, but it is pos-



WO 2009/087264 PCT/F12009/000001

18

sible to apply the inventive idea with several ways within the limitations set by the
claims.
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Claims

1. A lighting element which comprises one or more light sources (508; 805a,
805b) which are arranged to illuminate at least in a lighting direction (103), a re-
flecting surface (501; 802) and means for supplying power to the light source,
characterised in that the light source or light sources are located in respect of the
reflecting surface so that light coming from the light source in the direction of the
reflecting surface is arranged to be reflected past the light source substantially in
the lighting direction of the lighting element.

2. Alighting element according to claim 1, characterised in that the shape of
the reflecting surface (301; 401; 501; 1102) is at least partially parabolic.

3. A lighting element according to claim 1 or 2, characterised in that the bot-
torn of the reflecting surface (802, 1202) is at least partially even.

4. A lighting element according to any one of claims 1-3, characterised in that
in the reflecting surface (301; 401; 501; 1201) there is/are one or more protrusions
(302; 402; 502; 1202) to control the light past the light source (305; 403, 508) or
light sources (12053, 1205b).

5. A lighting element according {o any one of claims 1-4, characterised in that
the walls of the reflecting surface (401) are stepped in accordance with the Fres-
nel reflecting surface.,

6. A lighting element according to any one of claims 1-5, characterised in that
the reflecting surface (301) has been formed as a cavity-like structure (3086) below
the light source (305) or light sources.

7. A lighting element according to claim 1, characterised in that the light
source (506) or light sources have one or more support elements and power is
suppliable to the light elements via the support element (509) or support elements.

8. A lighting element according to claim 1, characterised in that around the
light source (204; 506; 805a, 805b) there is a collar structure (203; 503; 804) to
control light emitting sidewards of the light source substantially in the lighting di-
rection of the lighting element.



10

15

20

25

WO 2009/087264 PCT/F12009/000001

20

9. A lighting element according to claim 7, characterised in that the collar
structure (203; 503; 804) is heat-conductive for conveying heat away from the light
source (204, 506; 805a, 805b).

10. A lighting element according to any one of claims 7-9, characterised in that
in the collar structure (203; 503; 804) there is an inner and/or outer surface which
reflects light.

11. A lighting element according to any one of claims 7—10, characterised in
that the inner and/or outer surface of the collar structure (203; 503; 804) is de-
sighed to control the reflection of light.

12. A lighting element according to any one of claims 7—-11, characterised in
that the outer side of the collar structure (804; 1204; 1405; 1502) is designed such
that the collar structures are locatable in a close formation into connection with
each other.

13. A lighting element according fo any one of claims 7-12, characterised in
that the light sources (805; 1204) surrounded by the collar structures (804; 1205)
are arranged in the form of a circle.

14. A lighting element according to any one of claims 7—-13, characterised in
that the support elements have been implemented with light sources (14013,
1401b; 1501) surrounded by collar structures (1402a, 1402b; 1502).

156. A lighting element according to claim 1, characterised in that in the lighting
element there are a cover (507; 806) and a stand (508; 801) the outer side of
which is designed such that the lighting element is connectable to other lighting
elements to form a lighting arrangement consisting of several lighting elements.

16. A lighting element according to claim 15, characterised in that the lighting
arrangement consisting of lighting elements is planar.

17.  Alighting element according to claim 15, characterised in that the outer sur-

face of the lighting arrangement consisting of lighting elements is a curved sur-
face.
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18. A lighting element according to any one of claims 15-17, characterised in
that the covers (507; 801; 1605) and the stand (508; 806; 1606) of the lighting
element are designed in the form of a hexagon.

19. A lighting element according to any one of claims 1-18, characterised in
that the light source (204, 305, 403, 506; 805a, 805b, 1101a, 1101b, 1603, 1809)
is an electric light source and the power is electric current.

20. A lighting element according to any one of claims 1-19, characterised in
that the light source (204, 305, 403, 506; 805a, 805b, 1101a, 1101b, 1603, 1809)
is a LED light.

21. A lighting element according to any one of claims 1~19, characterised in
that the light source (204, 305, 403) is a filament.
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