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Description

[0001] The present invention relates to a lighting de-
vice provided with an optical system for the control of
UGR index and luminance.

[0002] The invention is intended, in particular, to pro-
vide "dark" effect lamps (i.e. having emission above 65°
lower than a predetermined threshold) for interior lighting.
[0003] In the field of interior lighting and in particular
of workplace lighting, there is the problem of ensuring a
controlled emission. Specific regulations also existin this
regard which limit the emission cones of the devices to
predetermined values.

[0004] In order to meet the regulatory requirements, it
is for example known to use, in technical lighting devices
(i.e. intended for lighting workplaces, and in particular
offices) where a uniform emitting surface is required, pris-
matic plates which narrow the emission of the light sourc-
es, in particular producing a polar curve complying with
the regulatory requirements, namely:

- UGR (Unified Glare Rating): lower than 19;
- luminance at 65° and higher: lower than 3000 cd/m2.

[0005] A prismatic plate of this type is schematically
shown in figures 1 and 2.

[0006] Plate 30, commonly made of transparent meth-
acrylate, has a smooth entry face 31 which is mounted
towards the inside of the lighting device (towards the light
sources), and a prismatic exit face 32, consisting of cones
33 with angle at the apex of 120°. The bases of cones
33 are cut in a hexagonal shape so as to optimize the
composition of the structure, which thus proves to be a
honeycomb.

[0007] As may be seen in figures 1 and 2, plate 30
works effectively, allowing an excellent control of UGR
and luminance at 65° and higher, when the light rays,
and in particular the light rays, the most critical to control,
grazing on the entry face 31 of plate 30 (i.e. having a high
angle of incidence a, the angle of incidence being the
angle between the direction of the light ray impinging on
a surface and an axis perpendicular to the surface at the
point of incidence of the light ray), pass through "rising"
surfaces 34 of the cones (figure 1). In this case, the light
ray emerges from the exit face 32 with a satisfactory (for
example lower than the threshold required by the regu-
lations) emission angle  (angle between the direction of
the light ray exiting from a surface and an axis perpen-
dicular to the surface at the exit point of the light ray).
[0008] If, however, a light ray crosses a "descending"”
surface 35 of cones 33 (figure 2), then the angle of inci-
dence a is greater than the limit angle and a total internal
reflection effect is achieved. The light ray therefore does
not pass through plate 30 but begins to "bounce" inside
plate 30. The resulting multiple internal reflections
change the orientation of the light ray and when finally
there is an incidence on a "rising" surface, the light ray
may emerge above 65°.
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[0009] This condition causes the light intensity higher
than 65° not to be zero but have a certain value, which
may be critical or not depending on the emitting surface
of the device. This is because luminance is defined as
the ratio between the light intensity and the apparent
emitting surface.

[0010] US2008030974-A1 discloses an illumination
system including an extraction optical element to effi-
ciently extract light from light emitting diodes (LEDs) by
reducing light losses withinthe LED structure. The optical
element includes a micro-lens array and an aperture ar-
ray featuring a grid pattern; each micro-lens is aligned to
an opening in the aperture array; a LED source is asso-
ciated to each individual micro-lens. Even if the system
is able to efficiently extract light from LEDs, also this sys-
tem seems to still have room for improvements.

[0011] In conclusion, known systems of the type de-
scribed above are not able to implement sufficiently clear
"cut offs" to make the prismatic plates effectively usable
on all devices. In particular, UGR and luminance may
exceed the law limits when the emitting surface is very
small.

[0012] An objectofthisinvention is to provide a lighting
device provided with an optical system for the control of
UGR index and luminance, in particular adapted to make
"dark" effect lamps, which overcomes the drawbacks of
the prior art mentioned herein.

[0013] In particular, an object of the invention is to pro-
vide a lighting device which enables an efficient control
of UGR and luminance even with small emitting surfaces.
[0014] The present invention therefore relates to a
lighting device provided with an optical system for the
controlof UGR index and luminance, in particular to make
"dark" effect lamps, as defined in essential terms in the
appended claim 1 and, in its additional features, in the
dependent claims.

[0015] The invention is further described in the follow-
ing non-limiting embodiment examples, with reference
to the accompanying figures in which:

- figures 1 and 2 show a lighting device with emission
control obtained, according to the prior art, with a
prismatic plate;

- figure 3 is a schematic perspective view of a lighting
device with optical system for the control of UGR
index and luminance according to the invention;

- figure 4 is a schematic cross-sectional view, with a
portion on an enlarged scale, of a detail of the device
in figure 3.

[0016] Figure 3 schematically shows a controlled-
emission lighting device 1, in particular adapted to make
"dark" effect lamps.

[0017] The lighting device 1 is precisely a device for
interior lighting and in particular for workplace lighting.
[0018] The lighting device 1 comprises at least one
lightsource 2, housedin a casing 3, and an optical system
4 for the control of UGR index and luminance.
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[0019] The light source 2 may be of various types, for
example a row of LEDs.

[0020] The casing 3 may be variously shaped, also ac-
cording to the use of the lighting device 1 (such as a
ceiling lamp). In general, the casing 3 is provided with an
internal chamber 5, which houses the light source 2 and
has an emission aperture 6 delimited by a peripheral
edge 7, from which the light emitted by the light source
2 exits.

[0021] The optical system 4 closes the emission aper-
ture 6 and intercepts the emission of the light source 2.
[0022] With reference to figure 4, the optical system 4
comprises a multi-lens optical element 8, formed by a
plurality of lenses 9 arranged side-by-side along two di-
rections, and by a grid 10, located on an inner face 11
(facing towards the inside of the lighting device 1 and
towards the light source 2) of the optical element 8.
[0023] The optical element 8 is substantially flat and
extends between the inner face 11 and an outer face 12,
opposite the inner face 11 and facing, in use, towards
the outside of the lighting device 1 and thus towards the
room to be lighted.

[0024] The optical element 8 is spaced apart from the
light source 2, in particular being located at a distance
from the light source 2 larger than the thickness (distance
between the inner face 11 and the outer face 12) of the
optical element 8.

[0025] Advantageously, the optical element 8isamon-
olithic element of a transparent polymer material, such
as PMMA.

[0026] The lenses 9 are in contact with one another
along respective sides.

[0027] Eachlens 9 extends along a central axis (optical
axis) between an entry surface 13, facing towards the
inside of the lighting device 1, and thus towards the light
source 2, and an exit surface 14, opposite the entry sur-
face 13 and thus directed towards the outside of the light-
ing device 1 and towards the room to be lighted.

[0028] Thelenses 9 are plano-convex lenses, i.e. hav-
ing respective opposite surfaces which are a plane sur-
face and a convex surface, respectively, having a pre-
determined bending radius.

[0029] In particular, each lens 9 has the entry surface
13 which is a plane surface, and the exit surface 14 which
is a convex surface.

[0030] The entry surfaces 13 form the inner face 11,
substantially plane, of the optical element 8; the outer
face 12 is formed by a plurality of convex surfaces, con-
sisting of respective exit surfaces 14 of lenses 9.
[0031] The lenses 9 are joined to one another along
respective common lateral faces 15.

[0032] Inthe preferred embodiment shown, the lenses
9 are square lenses, i.e. lenses having a square shape
in plan view.

[0033] Thegrid 10 has a plurality of meshes 16 aligned
to respective lenses 9 and delimited by lateral walls 17.
[0034] The grid 10 is arranged on the inner face 11 of
the optical element 8 and in contact with the inner face
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11; the lateral walls 17 contact the inner face 11 of the
optical element 8 and are arranged along the faces 15
which join the lenses 9.

[0035] Inparticular,the lateralwalls 17 have respective
bottom contact surfaces 21, resting on the inner face 11
of the optical element 8, and respective top free surfaces
22 opposite the contact surfaces 21.

[0036] Then, each lateral wall 17 has a pair of opposite
lateral sides 23 which join the contact surfaces 21 and
the free surfaces 22.

[0037] Preferably, the lateral sides 23 have light-ab-
sorbing black surfaces, while the free surfaces 22 are
diffusive white surfaces having a high reflection coeffi-
cient, so as to recover inside the casing 3 the light im-
pinging on the grid 10. For example, the free surfaces 22
are made of/coated with a white polymer material having
high reflectance, for example an overall reflectance of
visible light of 95% or higher.

[0038] The grid 10 is dimensioned so as to limit the
angle of incidence o of the light rays that impinge on the
entry surfaces 13 of the lenses 9 (the angle of incidence
o being the angle formed by the direction of a light ray
impinging on an entry surface 13 with an axis perpendic-
ular to the entry surface 13 at the point of incidence);
precisely, the grid 10 and in particular the lateral walls
17 are dimensioned so that only light rays with angles of
incidence o (with respect to the entry surfaces 13) higher
than a minimum threshold a,,;, impinge on the lenses 9
(on the entry surfaces 13), so as to limit or avoid internal
reflections that generally grazing rays (with high angle of
incidence) undergo, which are difficult to control.

[0039] The lenses 9 and in particular the exit surfaces
14 thereof are then shaped so as to project the light rays
that pass through the grid 10 with emission angles  (the
emission angle B being the angle between the direction
of the light ray exiting from the exit surface 14 and an
axis perpendicular to the exit surface 14 at the exit point
of the light ray) lower than a threshold value By, for
example 65° as indicated by the current regulations.
[0040] In this way, all the light rays that pass through
thelenses 9 are refracted at angles of refraction that meet
the requirements, in particular being lower than 65°.
[0041] By way of example, the lateral walls 17 have a
thickness (distance between the opposite lateral sides
23) greater than the height (distance between the contact
surface 21 and the free surface 22). For example, the
lateral walls 17 have a thickness of about 1.5-2.5 mm
and a height of about 0.5-1.5 mm.

[0042] The dimensions of meshes 16 depend on the
dimensions of the lenses 9, in particular on the length of
the sides (in plan view) of the lenses 9, which for example
may be about 8-10 mm.

[0043] The bending radius of the lenses 9 (precisely
of the exit surfaces 14 thereof) is in general comparable
with the length of the sides of the lenses 9, in particular
being equal to or slightly greater than the length of the
sides of the lenses 9, for example about 8-12 mm.
[0044] In one example, the lenses 9 have sides of 9.2
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mm and a bending radius of 11 mm.

[0045] Optionally, the optical element 8 is coupled to
or facing towards a diffusive sheet 25, the diffusive sheet,
made of suitable light-permeable and diffusive material
(such as a polycarbonate film), has the function of making
the emission of the lighting device 1 more homogeneous
without altering the angles of emission.

[0046] With the optical system 4 of the invention it is
possible to get a clear "cut off" at the desired angle, pre-
venting the total internal reflection.

[0047] The optical system 4 allows obtaining the de-
sired emission (also of the "dark" type) without requiring
further optical elements on the light source 2; in particular,
if the light source 2 is formed by a plurality of LEDs, the
LEDs do notrequire their own lenses or optics associated
with the single LEDs.

[0048] The optical system 4 of the invention in fact op-
erates independently of the light source 2 and can be
used with different light sources; therefore, implementing
a specific optical system for different light sources or pro-
viding the light sources with dedicated optics is not nec-
essary.

[0049] Finally,itis understood thatfurther changes and
variations may be done to the lighting device described
and shown herein without departing from the scope of
the appended claims.

Claims

1. Acontrolled-emission lighting device (1), comprising
at least one light source (2) and an optical system
(4) for the control of UGR index and luminance; the
optical system (4) comprising a multi-lens optical el-
ement (8), formed by a plurality of lenses (9) ar-
ranged side-by-side along two directions, and a grid
(10), located on an inner face (11), facing towards
the light source (2), of the optical element (8) and in
contact with the inner face (11) of the optical element
(8); the optical element (8) is spaced apart from the
light source (2) and located at a distance from the
light source (2) larger than the thickness of the optical
element (8); characterized in that, the grid (10) is
shaped and dimensioned so as to limit the angle of
incidence of the light rays that impinge on respective
entry surfaces (13), facing towards the inside of the
lighting device (1) and towards the light source (2),
of the lenses (9); and so that only light rays with an-
gles of incidence greater than a minimum threshold
impinge on the entry surfaces (13) of the lenses (9),
so as to avoid multiple internal reflections in the op-
tical element (8).

2. Alighting device according to claim 1, wherein the
lenses (9) have respective exit surfaces (14) shaped
so as to project the light rays with emission angles
lower than a threshold value.

10

15

20

25

30

35

40

45

50

55

10.

1.

A lighting device according to one of the preceding
claims, wherein the lenses (9) are plano-convex
lenses, having respective plane entry surfaces (13)
facing towards the inside of the lighting device (1)
and towards the light source (2); and respective con-
vex exit surfaces (14), opposite to the entry surface
(13).

A lighting device according to claim 3, wherein the
optical element (8) has a substantially plane inner
face (11), facing towards the light source (2) and
formed by the entry surfaces (13) of the lenses (9);
and an outer face (12), opposite to the inner face
(11) and formed by a plurality of convex surfaces,
defined by respective exit surfaces (14) of the lenses

9).

A lighting device according to one of the preceding
claims, wherein the lenses (9) are square lenses, i.e.
lenses having a square shape in plan view.

A lighting device according to one of the preceding
claims, wherein the grid (10) has a plurality of mesh-
es (16) aligned to respective lenses (9) and delimited
by lateral walls (17).

A lighting device according to claim 6, wherein each
lateral wall (17) has a pair of opposite lateral sides
(23) that have respective light-absorbing black sur-
faces.

A lighting device according to one of claims 6 or 7,
wherein the lenses (9) are joined to one another
along respective common lateral faces (15) and the
lateral walls (17) of the grid are located along said
lateral faces (15).

A lighting device according to one of the claims 6 to
8, wherein the lateral walls (17) of the grid (10) have
respective top free surfaces (22), facing towards the
inside of the lighting device (1) and towards the light
source (2); said free surfaces (22) being diffusive
white surfaces having a high reflection coefficient.

A lighting device according to claim 9, wherein said
free surfaces (22) are made of and/or coated with a
white polymer material having high reflectance, for
example an overall reflectance of visible light of 95%
or higher.

A lighting device according to one of the preceding
claims, comprising a diffusive sheet (25), made of a
light-permeable and diffusive polymer material, for
example a polycarbonate film, which is coupled to
or faces the optical element (8).
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Patentanspriiche

1.

Beleuchtungsvorrichtung (1) mit gesteuerter Emis-
sion, die mindestens eine Lichtquelle (2) und ein op-
tisches System (4) fur die Steuerung des UGR-In-
dexes und der Leuchtdichte umfasst; wobei das op-
tische System (4) ein optisches Element (8) mit meh-
reren Linsen, das durch mehrere Linsen (9), die ne-
beneinander entlang zweier Richtungen angeordnet
sind, gebildet ist, und ein Gitter (10), das sich auf
einer inneren Flache (11) des optischen Elements
(8), die der Lichtquelle (2) zugewandt ist, befindet
und in Kontakt mit der inneren Flache (11) des opti-
schen Elements (8) ist, umfasst; wobei das optische
Element (8) von der Lichtquelle (2) beabstandet ist
und sich in einem Abstand zu der Lichtquelle (2), der
groRer als die Dicke des optischen Elements (8) ist,
befindet; dadurch gekennzeichnet, dass

das Gitter (10) so geformt und bemessen ist, dass
der Einfallswinkel der Lichtstrahlen, die auf jeweilige
Eintrittsoberflachen (13) der Linsen (9), die dem In-
neren der Beleuchtungsvorrichtung (1) und der
Lichtquelle (2) zugewandt sind, auftreffen, begrenzt
ist und dass nur Lichtstrahlen mit Einfallswinkeln, die
groRer als eine Mindestgrenze sind, auf die Eintritts-
flachen (13) der Linsen (9) auftreffen, damit mehrfa-
che innere Reflexionen in dem optischen Element
(8) vermieden werden.

Beleuchtungsvorrichtung nach Anspruch 1, wobei
die Linsen (9) jeweilige Austrittsoberflachen (14) be-
sitzen, die so geformt sind, dass sie die Lichtstrahlen
unter Emissionswinkeln, die kleiner als ein Grenz-
wert sind, projizieren.

Beleuchtungsvorrichtung nach einem der vorherge-
henden Anspriiche, wobei die Linsen (9) plankonve-
xe Linsen sind, die jeweilige ebene Eintrittsoberfla-
chen (13), die dem Inneren der Beleuchtungsvor-
richtung (1) und der Lichtquelle (2) zugewandt sind,
und jeweilige konvexe Austrittsoberflachen (14), die
gegenuber der Eintrittsoberflache (13) liegen, besit-
zen.

Beleuchtungsvorrichtung nach Anspruch 3, wobei
das optische Element (8) eine im Wesentlichen ebe-
ne innere Flache (11), die der Lichtquelle (2) zuge-
wandt ist und durch die Eintrittsoberflachen (13) der
Linsen (9) gebildet ist, und eine duBere Flache (12),
die gegeniber der inneren Flache (11) liegt und
durch mehrere konvexe Oberflachen, die durch je-
weilige Austrittsoberflachen (14) der Linsen (9) de-
finiert sind, gebildet ist, besitzt.

Beleuchtungsvorrichtung nach einem der vorherge-
henden Anspriiche, wobei die Linsen (9) quadrati-
sche Linsen sind, d. h. Linsen, die bei Draufsicht eine
quadratische Form besitzen.
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10.

1.

Beleuchtungsvorrichtung nach einem der vorherge-
henden Anspriiche, wobei das Gitter (10) mehrere
Maschen (16) besitzt, die auf jeweilige Linsen (9)
ausgerichtet sind und durch seitliche Wande (17) be-
grenzt sind.

Beleuchtungsvorrichtung nach Anspruch 6, wobei
jede seitliche Wand (17) ein Paar gegentiberliegen-
der seitlicher Wande (23) besitzt, die jeweilige licht-
absorbierende schwarze Oberflachen besitzen.

Beleuchtungsvorrichtung nach Anspruch 6 oder 7,
wobeidie Linsen (9) entlang jeweiliger gemeinsamer
seitlichen Flachen (15) miteinander verbunden sind
und die seitlichen Wande (17) des Gitters sich ent-
lang der seitlichen Flachen (15) befinden.

Beleuchtungsvorrichtung nach einem der Anspri-
che 6 bis 8, wobei die seitlichen Wande (17) des
Gitters (10) jeweilige obere freie Oberflachen (22),
die dem Inneren der Beleuchtungsvorrichtung (1)
und der Lichtquelle (2) zugewandt sind, besitzen;
wobei die freien Oberflachen (22) diffusive weilte
Oberflachen sind, die einen hohen Reflexionskoef-
fizienten besitzen.

Beleuchtungsvorrichtung nach Anspruch 9, wobei
die freien Oberflachen (22) aus einem weil’en Poly-
mermaterial, das einen hohen Reflexionsgrad, z. B.
einen Gesamtreflexionsgrad von 95 % oder mehr fiir
sichtbares Licht, besitzt, gebildetistund/oder mit die-
sem beschichtet ist.

Beleuchtungsvorrichtung nach einem der vorherge-
henden Anspriiche, die eine diffusive Lage (25) um-
fasst, die aus einem lichtdurchlassigen und diffusi-
ven Polymermate-rial, zum Beispiel einer Polycar-
bonatfolie, die mit dem optischen Element (8) ver-
bunden ist oder diesem zugewandt ist, gebildet ist.

Revendications

Dispositif d’éclairage (1) a émission contrdlée, com-
prenant au moins une source lumineuse (2) et un
systeme optique (4) pour la commande de l'indice
UGR etdelaluminance ;le systeme optique (4) com-
prenant un élément optique (8) multi-lentilles, formé
d’une pluralité de lentilles (9) disposées cbte a cote
le long de deux directions, et une grille (10), située
sur une face intérieure (11), orientée vers la source
lumineuse (2), de I'élément optique (8) et en contact
avec la face intérieure (11) de I'’élément optique (8) ;
I'élément optique (8) est espacé de la source lumi-
neuse (2) et situé a une distance de la source lumi-
neuse (2) plus grande que I'épaisseur de I'élément
optique (8) ;

caractérisé en ce que la grille (10) est conformée
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et dimensionnée de fagon a limiter I'angle d’inciden-
ce des rayons lumineux qui sont incidents sur des
surfaces d’entrée (13) respectives, orientées vers
l'intérieur du dispositif d’éclairage (1) et vers la sour-
ce lumineuse (2), des lentilles (9) ; et de sorte que
seuls les rayons lumineux ayant des angles d’inci-
dence supérieurs a un seuil minimum sont incidents
sur les surfaces d’entrée (13) des lentilles (9) de fa-
con a éviter des réflexions internes multiples dans
I'élément optique (8).

Dispositif d’éclairage selon la revendication 1, dans
lequel les lentilles (9) présentent des surfaces de
sortie (14) respectives conformées de fagon a pro-
jeter les rayons lumineux a des angles d’émission
inférieurs a une valeur seuil.

Dispositif d’éclairage selon I'une des revendications
précédentes, dans lequel les lentilles (9) sont des
lentilles plano-convexes, ayant des surfaces d’en-
trée planes (13) respectives orientées vers l'intérieur
du dispositif d’éclairage (1) et vers la source lumi-
neuse (2) ; et des surfaces de sortie convexes (14)
respectives, opposées a la surface d’entrée (13).

Dispositif d’éclairage selon la revendication 3, dans
lequel I'élément optique (8) a une face intérieure (11)
sensiblement plane, orientée vers la source lumi-
neuse (2) et formée par les surfaces d’entrée (13)
des lentilles (9) ; et une face extérieure (12), oppo-
sée a la face intérieure (11) et formée par une plu-
ralité de surfaces convexes, définies par les surfaces
de sortie (14) respectives des lentilles (9).

Dispositif d’éclairage selon I'une des revendications
précédentes, dans lequel les lentilles (9) sont des
lentilles carrées, c-a-d. des lentilles ayant une forme
carrée en vue de dessus.

Dispositif d’éclairage selon I'une des revendications
précédentes, dans lequel la grille (10) a une pluralité
de mailles (16) alignées sur les lentilles respectives
(9) et délimitées par des parois latérales (17).

Dispositif d’éclairage selon la revendication 6, dans
lequel chaque paroi latérale (17) présente une paire
de cOtés latéraux opposés (23) ayant des surfaces
respectives noires absorbant la lumiére.

Dispositif d’éclairage selon I'une des revendications
6 ou 7, dans lequel les lentilles (9) sont reliées les
unes aux autres le long de faces latérales communes
(15) respectives etles parois latérales (17) de lagrille
sont situées le long desdites faces latérales (15).

Dispositif d’éclairage selon I'une des revendications
6 a 8, dans lequel les parois latérales (17) de la grille
(10) présentent des surfaces supérieures libres (22)
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10.

1.

respectives, orientées vers l'intérieur du dispositif
d’éclairage (1) et vers la source lumineuse (2) ; les-
dites surfaces libres (22) étant des surfaces blan-
ches diffusives a coefficient de réflexion élevé.

Dispositif d’éclairage selon la revendication 9, dans
lequel lesdites surfaces libres (22) sont réalisées en
et/ou revétues d’'un matériau polymére blanc a ré-
flectance élevée, par exemple une réflectance glo-
bale de lumiere visible de 95% ou plus.

Dispositif d’éclairage selon I'une des revendications
précédentes, comprenant une feuille diffusante (25),
constituée d’un matériau polymére perméable a la
lumiere et diffusant, par exemple un film polycarbo-
nate, qui est couplé a ou situé en regard de I'élément
optique (8).
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FIG 1 (prior art)

FIG 2 (prior art)
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FIG. 3
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