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Description

LENS FOR LED ILLUMINATION

Technical Field

The present invention relates to a lens, an illuminating de-

vice comprising such lens and a light box.

Background Art

With the development of LED illumination technology, LED il-
luminating devices are used more and more in various environ-
ments. In order to improve the optical efficiency and to re-
alize predetermined light-distribution pattern, an LED illu-
minating device is usually equipped with a lens for light
sources. In a commonly used light box, a lens having a strip
profile covers light sources in a linear arrangement and is
mounted together with the light sources in a box-shaped
transparent housing, especially at the bottom of the housing.
Such lens preferably is a total-internal reflection lens
(TIR). Light emitted from the light sources can, for in-
stance, strike on the top of the housing from the bottom, and
part of light can strike on side walls of the housing. Such
light box is particularly suited for realizing decorative il-

lumination, for instance, used as advertisement light box.

However, since the lens installed at the bottom of the light
box is usually configured as a total-internal reflection
lens, light emitted from the light sources only can strike on
the top of the light box through a lens surface used as a
light emergent surface. For an area from the lens surface to
the top of the light box, such conventional total-internal

reflection lens leads to low luminance in the bottom region
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of the light box, and a shadowed region at the bottom of the
light box can be seen obviously as viewed from outside of the
light box. Based on such illumination effect, aesthetics and
applicability of the light box are affected to different de-

grees.

Summary of the Invention

In order to solve the above problems, the present invention
provides a lens, through which incident light can be re-
fracted to different directions to realize uniform illumina-

tion effect.

The first object the present invention is accomplished via a
lens. The lens comprises a light incident surface, a first
light emergent surface and side surfaces joining the light
incident surface and the first light emergent surface,
wherein the light incident surface defines a space for accom-
modating light sources, characterized in that respective side
surface comprises at least one total-internal reflection sur-
face and at least one second light emergent surface, a first
part of light passing through the light incident surface is
refracted by the first light emergent surface and emerges to
generate first emergent light, a second part of light passing
through the light incident surface is reflected by the total-
internal reflection surfaces to the first light emergent sur-
face and is refracted by the first light emergent surface and
emerges to generate second light emergent light, and a third
part of light passing through the light incident surface is
refracted by the second light emergent surfaces and emerges

to generate third emergent light.

In solutions according to the present invention, the prior

concept of using all side surfaces of a lens as total-
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internal reflection surfaces is discarded, while some side
surfaces preferably are retained as total-internal reflection
surfaces and the other side surfaces are configured as light
emergent surfaces that can refract light towards both sides
of the lens. That is to say, the lens according to the pre-
sent invention not only comprises a first emergent surface in
the center but also comprises at least one second emergent
surface at both sides of the first emergent surface. Incident
light from the light sources can pass through the first and
second emergent surfaces to strike towards different direc-
tions. Emergent light not only comprises a first part of
emergent light through, e.g. the first light emergent surface
as lens top surface, in the direction of the optical axis,
but also comprises a second part of emergent light through
the second light emergent surfaces on side surfaces of the
lens at both sides of the optical axis. The first and second
parts of emergent light extends in longitudinal and horizon-
tal illumination areas of the lens, respectively, to enable
outer surfaces of the lens to transmit light omnidirection-
ally, and then the second part of emergent light refracted
from the side surfaces can be particularly used to illuminate
the bottom region of the lens. Uniform light-distribution

pattern can be obtained by using such lens.

According to one preferred solution of the present invention,
the plurality of total-internal reflection surfaces are ar-
ranged to be spaced apart from each other, and adjacent to-
tal-internal reflection surfaces define the second light
emergent surfaces therebetween. For the sake of uniform
light-distribution effect, a plurality of (or as many as is
possible) total-internal reflection surfaces and the second
light emergent surfaces can be in a staggered arrangement ac-
cording to practical situations to form side surfaces of the

lens. Accordingly, while a part of incident light can be as-
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sured to be reflected by the total-internal reflection sur-
faces to the first light emergent surface, the other part of
incident light also can pass through the second light emer-
gent surface to be refracted uniformly by side surfaces of

the lens.

According to one preferred solution of the present invention,
the plurality of total-internal reflection surfaces are
spline-curve sections intercepted in sequence in cross sec-
tion from a spline curve from the light incident surface to
the first light emergent surface. The “cross section” in the
present context refers to a plane simultaneously perpendicu-
lar to the first light emergent surface and a plane where the
optical axis is located. A curve formed by connecting in se-
quence a plurality of lines, which are expressing the total-
internal reflection surface, in cross section is a spline

curve.

According to one preferred solution of the present invention,
respective second light emergent surface in cross section is
a groove recessed away from an optical axis in a direction
perpendicular to the optical axis. It can be seen from the
cross section that respective second light emergent surface
has a curved profile protruding from inside to outside in a
lateral direction of the lens, and the curved profile forms a
groove with respect to the optical axis. According to re-
quirements of practical application, height and width of the
groove can be adjusted to obtain corresponding illumination

effect.

According to one preferred solution of the present invention,
respective second light emergent surface comprises a trans-
mission portion parallel to the optical axis and a joining

portion perpendicular to the optical axis. The transmission
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portion and the Jjoining portion are connected with each other
and thus define a right angle. Herein the transmission por-
tion is an optical surface of the second light emergent sur-
face for refracting incident light, and the joining portion
is configured only in structure for joining the transmission
portion with its adjacent total-internal reflection surface

and does not change optical pathways of incident light.

According to one preferred solution of the present invention,
the light incident surface has an arc-shaped first incident
surface and second incident surfaces Jjoining the first inci-
dent surface and the side surfaces, and the first incident
surface and the second incident surfaces define a cavity re-
cessed towards the first light emergent surface in a direc-
tion of the optical axis. Linear light sources are arranged
in the recessed cavity defined by the light incident surface,
and light emitted from the linear light sources can be col-
lected as much as is possible using the cavity, and the light
reaches the first incident surface in the center and the sec-
ond incident surfaces at both sides of the first incident
surface. A part of light having a small angle with the opti-
cal axis strikes on the first incident surface configured to
be circular arc and directly emerges through the first light
emergent surface in convergence. The other part of light hav-
ing a big angle with the optical axis strikes on the second
incident surfaces, and is reflected by and transmits through
two opposite side surfaces of the lens, and then a part of
reflected light converges towards the optical axis and
emerges through the first light emergent surface. According
to different application situations, the converging degree of
emergent light can be changed by adjusting a distance between
the lens and an object to be illuminated and curve profiles
of the light incident surface and side surfaces of the lens,

and therefore, strip light-distribution patterns with differ-
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ent widths and luminance are obtained.

According to one preferred solution of the present invention,
the first incident surface in cross section is circular arc.
Preferably, the first incident surface in cross section is a
spline curve. Through the first incident surface having such
profile, light striking on the lens can converge towards the

optical axis and arrives at the first light emergent surface.

According to one preferred solution of the present invention,
respective second incident surface defines a cylinder symmet-

rical with respect to the optical axis.

According to one preferred solution of the present invention,
the lens is elongated and symmetrical with respect to a plane
where the optical axis is located. As a result, symmetrical
and uniform light-distribution patterns can be obtained

through the symmetrical configuration of the lens.

Preferably, a joining surface parallel to the light emergent
surface between the light incident surface and respective

side surface is provided.

According to one preferred solution of the present invention,
the first light emergent surface is a planar surface perpen-
dicular to the optical axis. By configuring the first light
emergent surface as a planar surface, light can highly effec-
tively emerge, preventing occurrence of, e.g. reflection and

refraction, on the uneven light emergent surface.

The present invention further relates to an illuminating de-
vice, comprising light sources, and the lens mentioned above,
wherein the lens defines a space for accommodating the light

sources. Preferably, the light sources of the illuminating
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device are LED chips.

In addition, the present invention further relates to a light
box comprising box-shape light-transmission housing, and fur-
ther comprising the above illuminating device, wherein the
lens is elongated and the light sources are light sources in
linear arrangement. Such light box can realize uniform illu-
mination, and particularly, shadowed region with low lumi-
nance will not appear at the bottom of the light box where

the light sources are mounted.

Brief Description of the Drawings

The accompanying drawings constitute a part of the present
Description and are used to provide further understanding of
the present invention. Such accompanying drawings illustrate
the embodiments of the present invention and are used to de-
scribe the principles of the present invention together with
the Description. In the accompanying drawings the same compo-
nents are represented by the same reference numbers. As shown

in the drawings:

Fig. 1 is a cross-sectional view of a lens according to the

present invention;

Fig. 2 is a cross-sectional view of an illuminating device

according to the present invention;

Fig. 3 is a light-distribution diagram of the illuminating

device according to the present invention; and

Fig. 4 is a 3D schematic diagram of a light box according to

the present invention.
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Detailed Description of the Embodiments

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof, and in
which is shown by way of illustration specific embodiments in
which the invention may be practiced. In this regard, direc-
tional terminology, such as “top”, “bottom”, “inner”,
“outer”, is used in reference to the orientation of the fig-
ures being described. Because components of embodiments of
the present invention can be positioned in a number of dif-
ferent orientations, the directional terminology is used for
purposes of illustration and is in no way limiting. It is to
be understood that other embodiments may be utilized and
structural or logical changes may made without departing from
the scope of the present invention. The following detailed
description, therefore, is not to be taken in a limiting
sense, and the scope of the present invention is defined by

the appended claims.

It is to be understood that the features of the various exem-
plary embodiments described herein may be combined with each

other, unless specifically noted otherwise.

Fig. 1 is a cross-sectional view of a lens according to the
present invention. It can be seen from Fig. 1 that a lens 100
has a light incident surface 1, a first light emergent sur-
face 2 and two side surfaces 3 joining the light incident
surface 1 and the first light emergent surface 2, wherein the
two side surfaces 3 opposite to each other substantially ex-
tend symmetrically in a form of spline curve. In accordance
with the present invention, respective side surface 3 is con-
figured to be formed by at least one (a plurality of, in the
present embodiment) total-internal reflection surface 4 and

at least one (a plurality of, in the present embodiment) sec-
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ond light emergent surface 5 joined therewith. And then light
emergent surfaces in different directions, particularly per-
pendicular to a direction of an optical axis X, and emergent
surfaces in two lateral directions for the incident light for

obtaining uniform light-distribution patterns.

It can be seen further from the cross-sectional view of Fig.
1 that the circled curved line is the second light emergent
surface 5 particularly configured according to the present
invention. The two total-internal reflection surfaces 4 re-
spectively joining two ends of the second light emergent sur-
face 5 are spline-curve sections. Respective second light
emergent surface 5 is formed by a transmission portion 6 par-
allel to the optical axis X and a joining portion 7 perpen-
dicular to the optical axis X, and then a right-angle groove
recessed away from the optical axis X is formed in the direc-
tion perpendicular to the optical X. The right-angle groove,
with respect to the adjacent total-internal reflection sur-
faces 4, has a profile protruding outwardly from the lens

100.

The light incident surface 1 is configured as a curved sur-
face for receiving incident light as much as is possible. The
light incident surface 1 as shown in Fig. 1 comprises a first
incident surface 8 in the center and second incident surfaces
9 extending downwardly parallel to the optical axis X at both
sides thereof. The first incident surface 8 in cross section
is configured to be circular-arc shape or spline-curve shape
for directly converging the incident light. In addition, for
preventing light loss, the second incident surfaces 9 sur-
rounding the first incident surface 8 are configured as cy-
lindrical curved surfaces, and they define, together with the
first incident surface 8, a cavity R for accommodating light

sources.
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The first light emergent surface 2 is a planar surface per-
pendicular to a surface where the optical axis X is located,
i.e. a top surface of the lens 10. Since there is no uneven
structure on the first light emergent surface 2, reflection
and refraction caused thereby can be avoided so that light
emerges highly-effectively and uniformly through the first
light emergent surface 2. A joining surface 10, i.e. a bottom
surface of the lens 100, parallel to the first light emergent
surface, is present between the light incident surface 1 and

respective side surface 3.

Fig. 2 is a cross-sectional view of an illuminating device
according to the present invention, wherein optical pathways
of incident light from light sources 201 through the lens 100
are schematically shown. The light sources 201 arranged in
the cavity R emit incident light towards the first incident
surface 8 and the second incident surfaces 9. In a perpen-
dicular direction, a first part of light entering the lens
100 through the first incident surface 8 is refracted by the
first light emergent surface 2 along the optical axis X in a
converging manner to form first emergent light S1. In a hori-
zontal direction, light entering the lens 100 through the
second incident surfaces 9 is refracted to different regions
of the side surfaces 3: a part of light strikes on the total-
internal reflection surfaces 4 and reflected to the first
light emergent surface 2 to thus form second emergent light
S2 substantially converging towards the optical axis X; and
the other part of light strikes on the second light emergent
surfaces 5 in staggered arrangement with the total-internal
reflection surfaces 4 to form third emergent light S3. As re-
spective second light emergent surface 5 comprises the trans-
mission portion 6 parallel to the optical axis X, the trans-
mission portion 6 can enable received light to emerge in a

lateral direction of the lens 100. Based on the special
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structure of the lens 100, the illuminating device 100 is al-

lowed to have uniform and large-area illumination effect.

Of course, desired light-distribution patterns can be ob-
tained by adjusting the profile of the lens according to re-
quirements in practical situation. For instance, the profile
of respective side surface 3, especially lengths in cross
sections of the transmission portion 6 and the joining por-
tion 7 that define the right-angle groove, can be changed to
adjust emergent angle and optical density of light refracted
by the side surfaces 3 of the lens 100. As a result, light-
distribution patterns with adjustable width and luminance can

be obtained.

The lens 100 as shown in Fig. 1 and Fig. 2 can have a strip
profile. Such lens is particularly adaptive to the light

sources 201 in a linear arrangement.

In combination with the light-distribution pattern of the il-
luminating device 200 as shown in Fig. 3, it can be seen that
the illuminating device 200, starting from origin, i.e.
starting from a point where the light sources are located,
not only can realize longitudinal uniform light-distribution
upwardly, but also can realize uniform light-distribution
downwardly from the origin, i.e. in a bottom region of the
illuminating device 200 as shown in Fig. 2. Accordingly, lu-
minance in the bottom region of the illuminating device 200

can be improved.

Fig. 4 is a 3D schematic diagram of a light box according to
the present invention. A light box 300 comprises a light-
transmission housing 301 having a cubic profile and the illu-
minating device 200 installed at a bottom of the light-

transmission housing 301. The lens 100 configured to be
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strip-shaped covers the light sources 201 in a linear ar-

rangement to constitute the illuminating device 200.

The light sources 201 can be LED chips within the scope of
the present invention, and then the illuminating device 200
and the light box 300 have the advantages of high efficiency

and energy-saving.

In addition, while a particular feature or aspect of an em-
bodiment of the invention may have been disclosed with re-
spect to only one of several implementations, such feature or
aspect may be combined with one or more other features or as-
pects of the other implementations as may be desired and ad-
vantageous for any given or particular application. Further-
more, to the extent that the terms “include”, “have”, “with”,
or other wvariants thereof are used in either the detailed de-
scription or the claims, such terms are intended to be inclu-

sive in a manner similar to the term “comprise”.

The above is merely preferred embodiments of the present in-
vention but not to limit the present invention. For the per-
son skilled in the art, the present invention may have vari-
ous alterations and changes. Any alterations, equivalent sub-
stitutions, improvements, within the spirit and principle of
the present invention, should be covered in the protection

scope of the present invention.
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List of reference signs

10

100

200

201

300

301

light incident surface

first light emergent surface

side surface

total-internal reflection surface

second light emergent surface

transmission portion

joining portion

first incident surface

second incident surface

joining surface

lens

illuminating device

light source

light box

light-transmission housing

cavity

optical axis
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S1 first emergent light

52 second emergent light

S3 third emergent light
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Claims

1. A lens (100), comprising a light incident surface (1), a
first light emergent surface (2) and side surfaces (3) join-
ing the light incident surface (1) and the first light emer-
gent surface (2), wherein the light incident surface (1) de-
fines a space for accommodating light sources, characterized
in that respective side surface (3) comprises at least one
total-internal reflection surface (4) and at least one second
light emergent surface (5), a first part of light passing
through the light incident surface (1) is refracted by the
first light emergent surface (2) and emerges to generate
first emergent light (S1), a second part of light passing
through the light incident surface (1) is reflected by the
total-internal reflection surfaces (4) to the first light
emergent surface (2) and is refracted by the first light
emergent surface (2) and emerges to generate second light
emergent light (S2), and a third part of light passing
through the light incident surface (1) is refracted by the
second light emergent surfaces (5) and emerges to generate

third emergent light (S3).

2. The lens (100) according to Claim 1, characterized in
that the plurality of total-internal reflection surfaces (4)
are arranged to be spaced apart from each other, and adjacent
total-internal reflection surfaces (4) define the second

light emergent surfaces (5) therebetween.

3. The lens (100) according to Claim 2, characterized in
that the plurality of total-internal reflection surfaces (4)
are spline-curve sections intercepted in sequence in cross
section from a spline curve from the light incident surface

(1) to the first light emergent surface (2).
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4., The lens (100)

that respective second light emergent surface

a direction perpendicular to the optical axis

5. The lens (100)

according to Claim 2,
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characterized
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in

in

in

(5) in cross
section is a groove recessed away from an optical axis
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according to Claim 4, characterized
(5)

that respective second light emergent surface
(6)

perpendicular to the optical axis

transmission portion

(7)

a joining portion

6. The lens (100)
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shaped first incident

(9)
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wards the first light
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that the first incident surface
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respect to a plane where the optical axis
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11. The lens (100) according to any one of Claims 1-5, char-
acterized in that a joining surface (10) parallel to the
light emergent surface (2) between the light incident surface

(1) and respective side surface (3) is provided.

12. The lens (100) according to any one of Claims 1-5, char-
acterized in that the first light emergent surface (2) is a

planar surface perpendicular to the optical axis (X).

13. An illuminating device (200), comprising light sources
(201), characterized by further comprising the lens (100) ac-
cording to any one of Claims 1-12, wherein the lens (100) de-

fines a space for accommodating the light sources (201).

14. The illuminating device (200) according to Claim 13,
characterized in that the light sources (201) are LED chips.

15. A light box (300) comprising a box-shape light-
transmission housing (301), characterized by further compris-
ing the illuminating device (200) according to Claim 13 or
14, wherein the lens (100) is elongated and the light sources

(201) are light sources in linear arrangement.
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