
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

51
1 

61
4

A
1

TEPZZ¥5__6_4A_T
(11) EP 3 511 614 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
17.07.2019 Bulletin 2019/29

(21) Application number: 17910567.1

(22) Date of filing: 17.10.2017

(51) Int Cl.:
F21V 7/00 (2006.01) F21V 19/00 (2006.01)

(86) International application number: 
PCT/CN2017/106583

(87) International publication number: 
WO 2018/214391 (29.11.2018 Gazette 2018/48)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 26.05.2017 CN 201710385278
26.05.2017 CN 201720604819 U

(71) Applicant: Opple Lighting Co., Ltd.
Shanghai 201201 (CN)

(72) Inventor: LIU, Chaobo
Suzhou City
Jiangsu 215211 (CN)

(74) Representative: dompatent von Kreisler Selting 
Werner - 
Partnerschaft von Patent- und Rechtsanwälten 
mbB
Deichmannhaus am Dom 
Bahnhofsvorplatz 1
50667 Köln (DE)

(54) ILLUMINATING DEVICE

(57) The present invention discloses a lighting appa-
ratus, including a lamp body, an optical element connect-
ed with the lamp body, as well as a driving power source
assembly, a light source assembly and a reflecting device
configured to provide a secondary light distribution for
the light source assembly which are received in the lamp
body; the reflecting device is provided with a light inlet,
a light outlet and a reflecting wall located between the
light inlet and the light outlet; the reflecting wall is trans-
parent, and includes an internal surface and an external
surface; the internal surface includes a plurality of
saw-tooth structures arranged continuously, each of the
saw-tooth structures includes a first refracting surface
and a second refracting surface intersected with each
other, two ends of each of the saw-tooth structures ex-
tend towards the light inlet and the light outlet, respec-
tively; and the light source assembly is disposed at the
light inlet of the reflecting device. In the lighting apparatus
of the present invention, the internal surface of the re-
flecting wall includes a plurality of saw-tooth structures
arranged continuously, the internal surface is used as a
light incident surface and a light emergent surface at the
same time, and the external surface is used as a reflect-
ing surface; with such design, all the light incident onto
the internal surface can exit with an optical effect of total
reflection, so as to improve the luminous efficiency with-
out the need of an electroplating process.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of light-
ing technology, and particularly to a lighting apparatus.

BACKGROUND

[0002] Existing electroplated reflectors are extremely
widely applied in commercially used lamps, for example,
in illumination lamps such as downlight lamp, spotlight
lamp, ceiling lamp and outdoor lamp. The electroplated
reflector mainly functions as providing a secondary light
distribution for light emitted from a light source. The elec-
troplated reflector generally includes a reflecting surface
plated with a layer of metallic film. However, a coating
material per se has a relatively higher absorptivity to light,
for example, a loss ratio resulted by an electroplated ar-
gentum (Ag) film is 5%, a loss ratio resulted by an elec-
troplated aurum (Au) film is 9%, and a loss ratio resulted
by an electroplated aluminum (Al) film even reaches up
to 12%, which leads to a poor luminous efficiency of the
lamp using an electroplated reflector.

SUMMARY

[0003] The objective of the present invention is to pro-
vide a lighting apparatus with relatively higher luminous
efficiency, so as to solve the problem above.
[0004] In order to achieve the objective above, the
present invention provides a lighting apparatus, including
a lamp body, an optical element connected with the lamp
body, a light source assembly received in the lamp body,
a reflecting device received in the lamp body and config-
ured to provide a secondary light distribution for the light
source assembly, and a driving power source assembly
received in the lamp body and electrically connected with
the light source assembly; the reflecting device is provid-
ed with a light inlet, a light outlet and a reflecting wall
located between the light inlet and the light outlet; the
reflecting wall is transparent, and the reflecting wall in-
cludes an internal surface and an external surface;
[0005] the internal surface includes a plurality of saw-
tooth structures arranged continuously; each of the saw-
tooth structures includes a first refracting surface and a
second refracting surface intersected with each other;
two ends of each of the saw-tooth structures extend to-
wards the light inlet and the light outlet, respectively,
[0006] the light source assembly is disposed at the light
inlet of the reflecting device.
[0007] Further, the reflecting device is in an annular
shape, and the reflecting device has uniform thickness.
[0008] Further, the first refracting surface and the sec-
ond refracting surface are perpendicular to each other.
[0009] Further, the external surface of the reflecting
wall is a smooth wall and is also a total reflection wall.
[0010] Further, a diameter of the light inlet is smaller

than a diameter of the light outlet, and the two ends of
the saw-tooth structure extend into at least one of the
light inlet and the light outlet.
[0011] Further, the first refracting surface and the sec-
ond refracting surface of the saw-tooth structure are in-
tersected with each other to generate a ridged line, and
the ridged line is a straight line or an arc line.
[0012] Further, an included angle between a tangent
line of any point on the ridged line and a plane where the
light inlet is located is smaller than A, wherein A is 40°.
[0013] Further, if a material of the reflecting wall is PC,
A equals to 38°; and if the material of the reflecting wall
is acrylic, A equals to 30°.
[0014] Further, two reflecting walls opposite to each
other are provided, and each of the reflecting walls is in
a flat plate shape.
[0015] Further, the reflecting device further includes a
connecting plate disposed between the reflecting walls.
[0016] Further, the lighting apparatus further includes
a heat sink received in the lamp body, and both of the
light source assembly and the driving power source as-
sembly are received in the heat sink.
[0017] Further, an upper end face and a lower end face
of the heat sink, and/or, an upper surface and a lower
surface of the heat sink, are disposed between the optical
element and the lamp body in a manner of abutting
against the optical element and the lamp body, respec-
tively.
[0018] Further, the light source assembly and the driv-
ing power source assembly are disposed integrally or
disposed separately.
[0019] Further, the light source assembly and the driv-
ing power source assembly are disposed separately; the
driving power source assembly includes an annular-
shaped power source plate and a driving power source
located at one side of the power source plate; and the
light source assembly is located at an inner side of the
power source plate.
[0020] Further, the light source assembly includes a
light source plate and a plurality of light-emitting units
located on the light source plate.
[0021] Further, the lighting apparatus further includes
a connecting part sleeved at a periphery of the lamp body,
and the connecting part is connected with the lamp body
and the optical element, respectively.
[0022] Further, the optical element includes a surface
ring and a brightness balance plate located at an inner
side of the surface ring.
[0023] Further, the surface ring includes a main body
in a vertical, circular ring shape, and an annular surface
which is connected integrally with the main body and is
in a horizontal, circular ring shape; the main body is con-
nected with the lamp body and the optical element, re-
spectively.
[0024] Further, the lighting apparatus further includes
two clamp springs which are connected at an external
side of the connecting part.
[0025] Further, the lighting apparatus further includes
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a driving power source box connected with the lamp
body, and the driving power source assembly is received
in the driving power source box.
[0026] Further, the lighting apparatus includes a first
staged reflector and a second staged reflector; the re-
flecting device is the first staged reflector, and the optical
element is the second staged reflector which is in a form
of reflex housing.
[0027] Further, the lighting apparatus further includes
a brightness balance plate, the brightness balance plate
covers the light outlet of the reflecting device, and the
reflex housing is located above the brightness balance
plate.
[0028] Further, the optical element includes a surface
ring located at an external side of the reflex housing, and
the surface ring is connected with the lamp body.
[0029] Further, an optical space is enclosed and de-
limited by the light inlet, the light outlet and the internal
surface of the reflecting device; a part of light emitted
from the light source assembly enters the reflecting wall
upon being refracted by the internal surface, enters the
optical space upon being reflected by the reflecting wall,
and exits through the light outlet; and another part of the
light emitted from the light source assembly directly pass-
es through the optical space and exits through the light
outlet.
[0030] Beneficial effects: as compared to the existing
technology, in the lighting apparatus provided by the em-
bodiments of the present invention, the internal surface
of the reflecting device includes a plurality of saw-tooth
structures arranged continuously, the internal surface is
used as a light incident surface and a light emergent sur-
face at the same time, and the external surface is used
as a reflecting surface; with such design, all the light in-
cident onto the internal surface can exit with an optical
effect of total reflection, so as to improve the luminous
efficiency without the need of an electroplating process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings described herein
are provided for further understanding of the present in-
vention, and constitute a part of the present invention.
Exemplary embodiments of the present invention and
descriptions thereof are used for the purpose of explain-
ing the present invention, and are not to be construed as
any improper limitation to the present invention. In the
accompanying drawings:

FIG. 1 is a perspective view of a lighting apparatus
provided by a first embodiment of the present inven-
tion;
FIG. 2 is an exploded view of the lighting apparatus
in FIG. 1;
FIG. 3 is an exploded view of the lighting apparatus
in FIG. 1 from another viewing angle;
FIG. 4 is a perspective view of a reflecting device in
the lighting apparatus provided by the first embodi-

ment of the present invention;
FIG. 5 is a sectional view taken along A-A line in FIG.
1;
FIG. 6 is a schematic diagram illustrating an included
angle between a ridged line of the reflecting device
and a plane where a light source plate is located in
the lighting apparatus provided by the first embodi-
ment of the present invention;
FIG. 7 is an optical path diagram of a single saw-
tooth structure in a vertical direction according to the
first embodiment of the present invention, by way of
example;
FIG. 8 is an optical path diagram of a single saw-
tooth structure in a horizontal direction according to
the first embodiment of the present invention, by way
of example;
FIG. 9 is a perspective view of a lighting apparatus
provided by a second embodiment of the present
invention;
FIG. 10 is an exploded view of the lighting apparatus
in FIG. 9;
FIG. 11 is an exploded view of the lighting apparatus
in FIG. 9 from another viewing angle;
FIG. 12 is a sectional view taken along B-B line in
FIG. 9;
FIG. 13 is a perspective view of a lighting apparatus
provided by a third embodiment of the present in-
vention;
FIG. 14 is an exploded view of the lighting apparatus
in FIG. 13;
FIG. 15 is an exploded view of the lighting apparatus
in FIG. 13 from another viewing angle;
FIG. 16 is a sectional view taken along C-C line in
FIG. 13;
FIG. 17 is a perspective view of a lighting apparatus
provided by a fourth embodiment of the present in-
vention; and
FIG. 18 is an exploded view of the lighting apparatus
in FIG. 17.

DETAILED DESCRIPTION

[0032] In order to make objects, technical solutions and
advantages of the present invention more apparent, the
technical solutions of the embodiments will be described
in a clear and complete way in connection with specific
embodiments and corresponding drawings of the present
invention. Apparently, the described embodiments are
just a part but not all of the embodiments of the present
invention. Based on the embodiments in the present in-
vention, those ordinary skilled in the art can obtain all
other embodiment(s), without any inventive work, which
all should be within the scope of the present invention.

The First Embodiment

[0033] As illustrated in FIGS. 1-4, an embodiment of
the present invention provides a lighting apparatus 100a,
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which is a spotlight lamp. Particularly, the lighting appa-
ratus 100a includes a lamp body 1a, an optical element
2a connected with the lamp body 1a, a heat sink 6a re-
ceived in the lamp body 1a, a driving power source as-
sembly 4a received in the heat sink 6a, a light source
assembly 3a received in the heat sink 6a, and a reflecting
device 5a configured to provide a secondary light distri-
bution for the light source assembly 3a and received in
the heat sink 6a. The light source assembly 3a is dis-
posed at an end of the reflecting device 5a. It should be
explained that, the reflecting device 5a is in an annular
shape and is transparent; a part of light emitted from the
light source assembly 3a directly exits through the optical
element 2a, and another part of the light is reflected by
the reflecting device 5a and then exits through the optical
element 2a.
[0034] Hereinafter, various components and connect-
ing relationships among components in the lighting ap-
paratus 100a provided by the embodiment of the present
invention will be described in more details.
[0035] As illustrated in FIG. 2, the lamp body 1a is in
a cylindrical shape; the lamp body 1 is connected with
the optical element 2a to form a receiving chamber 10a;
the light source assembly 3a, the driving power source
assembly 4a, the reflecting device 5a and the heat sink
6a are all received in the receiving chamber 10a. Partic-
ularly, the lamp body 1a includes a bottom wall 11a and
a side wall 12a, an internal surface of the side wall 12a
is provided with a plurality of protrusions 121a which may
also be grooves in other alternative embodiments. The
lamp body 1a may be made of a thermal-conductive me-
tallic material such as Al, and may also be integrally
formed from thermal-conductive plastic or plastic mate-
rial overlaid with Al. As a result, the lamp body 1a has
high thermal conductivity. When the light source assem-
bly 3a located inside the receiving chamber 10a gener-
ates heat, the heat may be quickly dissipated through
the lamp body 1a, so as to prevent from an excessively
high temperature inside the receiving chamber 10a which
may affect a service quality and a service life of the light
source assembly 3a.
[0036] As illustrated in FIG. 2, FIG. 3 and FIG. 5, the
optical element 2a is in a circular shape, and is connected
with the lamp body 1a in a snap-fit manner. In the present
embodiment, the optical element 2a plays a role of bright-
ness balance. Particularly, the optical element 2a in-
cludes a circular-shaped top wall 21a, and a plurality of
clamping structures 22a and abutting structures 23a
which are extending downwards from the top wall 21a.
The protrusion 121a is received in the clamping structure
22a, so as to achieve a connection between the lamp
body 1a and the optical element 2a in a snap-fit manner.
The abutting structure 23a is configured to press against
the heat sink 6a inside the lamp body 1a.
[0037] The heat sink 6a is in a housing shape, the light
source assembly 3a and the driving power source as-
sembly 4a both are received in the heat sink 6a. In the
present embodiment, the heat sink 6a is disposed be-

tween the lamp body 1a and the optical element 2a in a
manner of abutting against the lamp body 1a and the
optical element 2a. Particularly, a lower surface of the
heat sink 6a is attached onto the bottom wall 11a of the
lamp body 1a, and an upper end face of the heat sink 6a
is abutted against an end face of the abutting structure
23a of the optical element 2a. The heat sink 6a may be
made of a thermal-conductive metallic material such as
Al, and may also be integrally formed from a plastic ma-
terial overlaid with Al.
[0038] As illustrated in FIG. 2 and FIG. 3, the light
source assembly 3a includes a light source plate 31a and
a light-emitting unit 32a located on the light source plate
31a. Particularly, the light-emitting unit 32a is disposed
at the middle part of the light source plate 31a, that is,
disposed at the middle of an opened side of the reflecting
device 5a. In the present embodiment, the light-emitting
unit 32a is a light-emitting diode (LED) light source. The
number of the light-emitting unit 32a may be one or plural.
When a plurality of light-emitting units 32 is provided, it
needs to intensely dispose these light-emitting units 32
at a central area of a light inlet 55a of the reflecting device
5a. In the present embodiment, the light source plate 31a
is fixed inside the heat sink 6a, and is positioned through
a positioning surface (not labeled) disposed on the lamp
body 1a.
[0039] The driving power source assembly 4a includes
an annular-shaped power source plate 41a and a LED
driving power source 42a located at one side of the light
source plate 41a. In the present embodiment, the power
source plate 41a is located at an external side of the light
source plate 31a and is located above the light source
plate 31a. The LED driving power source 42a includes a
plurality of components, including but not limited to a LED
driving controller chip, a rectification chip, a resistor, a
capacitor, a fuse wire, a coil and the like. The lighting
apparatus 100a of the present embodiment further in-
cludes a power source line 7a, the power source line 7a
extends into the lamp body 1a and is welded to the power
source plate 41a; the power source plate 41a transmits
an external power to the LED driving power source 42a,
and the LED driving power source 42a further drives the
LED light source 32a to emit light.
[0040] In other alternative embodiments, the LED light
source 32a and the LED driving power source 42a may
also be integrated onto a same substrate (not illustrated)
by using Through Hole Technology (THT) or Surface
Mount Technology (SMT). The LED driving power source
42a may be partly bonded onto one side of the substrate
provided with the LED light source 32a, and the other
side of the substrate is provided with a plug-in type driving
power source component to reduce the cost; the LED
driving power source 42a may also be completely bonded
onto the side of the substrate provided with the LED light
source 32a; or the LED driving power source 42a is com-
pletely formed as a plug-in part on the other side (not
provided with the LED light source 32a) of the substrate;
or the LED driving power source 42a is partly bonded
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onto the other side and partly formed as a plug-in part
on the other side.
[0041] As illustrated in FIGS. 2-5, the reflecting device
5a uses a lens as the reflecting wall 50a, which is in an
annular shape and has uniform thickness. The reflecting
wall 50a encloses and delimits an optical space 501a.
Such structure is similar to an existing reflection cup but
uses a transparent material, which makes the structure
visible from outside and is easy to replace the existing
reflection cup. Particularly, the reflecting wall 50a has an
internal surface 51a, an external surface 52a, a first end
face 53a and a second end face 54a; the light inlet 55a
of the reflecting device 5a is located at the first end face
53a; the light outlet 56a is located at the second end face
54a, that is, the reflecting wall 50a is located between
the light inlet 55a and the light outlet 56a. The light inlet
55a and the light outlet 56a are communicated with the
optical space 501a; the light source plate 31a closes the
light inlet 55a; and a diameter of the light inlet 55a is
smaller than a diameter of the light outlet 56a. The inter-
nal surface 51a is a light incident surface of the reflecting
device 5a, and is also a light emergent surface of the
reflecting device 5a. Particularly, the internal surface 51a
is constituted by a circle of saw-tooth structures arranged
continuously. Each of the saw-tooth structures includes
a first refracting surface 511a and a second refracting
surface 512a which are intersected with each other. The
first refracting surface 511a and the second refracting
surface 512a are perpendicular to each other and are
intersected with each other to generate a ridged line
which may be a straight line and may also be an arc line.
Two ends of each of the saw-tooth structures 510a ex-
tend to the first end face 53a and the second end face
54a, respectively. The external surface 52a is a smooth
wall surface, and is also a total reflection surface. In other
embodiments, the included angle between the first re-
fracting surface 511a and the second refracting surface
512a may not be 90°, that is, the included angle may be
smaller than or greater than 90°; and a best luminous
efficiency of the reflecting device 5a may be obtained
when the included angle of the saw-tooth structure 510a
is 90°, in which the emergent light may be subjected to
a total reflection along a direction of the incident light. An
included angle of the saw-tooth structure 510a that is
smaller than or greater than 90° may change an emergent
angle of the original light which may be obtained by re-
flection, and hence degrade the luminous efficiency.
[0042] The reflecting device 5a is integrally formed
from transparent plastic or glass material. The plastic ma-
terial may be selected as polymethyl methacrylate (PM-
MA), polycarbonate (PC) and the like. A smallest thick-
ness of the reflecting device 5a may be made as 2 mm,
thus it can save the cost of materials and the difficulty of
formation if the reflecting device 5a has a greater struc-
tural size.
[0043] It’s known that an incident angle of light with
respect to a reflecting surface has to be great enough so
as to realize a total reflection in a lens; otherwise the light

would be transmitted through the lens. Such incident an-
gle would be changed with the marital of the lens. In order
to allow all the light that is incident into the reflecting de-
vice 5a to be subjected to a total reflection at the external
surface 52a, it’s necessary to design the angle of the light
with respect to the external surface 52a. Obviously, the
incident angle in FIG. 8 is not enough for a total reflection,
and the total reflection is achieved herein because there
is also another angle in a vertical component. As illus-
trated in FIG. 5 and FIG. 6, an incident angle obtained
by superimposing a horizontal component with the ver-
tical component is great enough. For this end, the incident
angle in the vertical direction has to be greater than a
certain angle to achieve total reflection. The incident an-
gle in the vertical direction is greater than a certain angle,
that is, an included angle α between a ridged line gen-
erated by the first refracting surface 511 a intersecting
with the second refracting surface 512a and a plane
where the light source plate 31a is located needs to be
smaller than a certain angle A. If the light is incident at
the first refracting surface 511a or the second refracting
surface 512a, a refraction would be taken place, so that
the incident angle of the light at the external surface would
be increased; whereas, if the light is incident at the po-
sition of the ridged line, it would be most difficult to
achieve a total reflection because there is barely an angle
in the horizontal direction. As a result, when considering
a design in which the entire reflecting wall 50a is a total
reflection surface, the value of A is always calculated
according to an optical path at the position of the ridged
line. Such included angle α is related to the refractivity
of the reflecting wall 50a. In the present embodiment, if
a PC material is selected, A is 38°; if a material having
higher refractivity is selected, A may be 40°; and if PMMA
is selected, A is 30°. For the reflecting device 5a in the
present embodiment, when the ridged line is an arc line,
an included angle α between a tangent line of every point
on the ridged line and the plane where the light source
plate is located should satisfy the above-mentioned re-
stricted condition, that is, the value of α is smaller than
A. As a result, when the included angle α is smaller than
the angle A (A is an angle corresponding to different ma-
terials as mentioned above) corresponding to different
materials, the reflecting device 5A satisfies the condition
for total reflection. In other embodiments where a total
reflection of the lens is not necessary, it may not satisfy
the condition of the included angle α being smaller than
A, that is, any included angle in the range from 0° to 90°
may be adopted. In this way, a transflective effect may
be obtained on the external surface 52a.
[0044] Additionally, it needs to explain that, during
mold designing or molding, on account of matching pre-
cision, a rounded corner would be formed at an intersect-
ing line between the first refracting surface 511a and the
second refracting surface 512a of the reflecting device
5a, and the light incident onto the rounded corner would
be refracted and exit as stray light. The greater the round-
ed corner is, the smaller the central light intensity and
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the more the stray light will be. However, the rounded
corner formed by the existing matching precision has little
influence to the entire luminous efficiency and beam an-
gle of the reflecting device 5a. Therefore, it’s still believed
that the reflecting device 5a is a total reflection lens.
[0045] Hereinafter, the optical path of the light emitted
from the light-emitting unit 32a after the light entering the
internal surface 51a of the reflecting device 5a will be
described in more details.
[0046] As it can be seen from FIGS. 4-8, the light emit-
ted from the light-emitting unit 32a enters the light inlet
55a; a part of the light is directly emitted to the optical
element 2a through the light outlet 56a, and then exits
through the optical element 2a; and another part of the
light is reflected by the reflecting device 5a, then is emit-
ted through the light outlet 56a, and finally exits through
the optical element 5a. The particular optical path is de-
scribed as below.
[0047] The light is incident onto the internal surface
51a of the reflecting wall 50a, then is refracted to the
external surface 52a by the first refracting surface 511a
of the saw-tooth structure 510a onto the internal surface
51a, then is totally reflected to the internal surface 51a
by the external surface 52a, then is refracted into the
optical space 501a by the internal surface 51a, then is
emitted to the outside through the light outlet 56a, and
finally exits through the optical element 2a. FIG. 8 illus-
trates an optical path of the light after entering the saw-
tooth structure 510a, in which the light is totally reflected
to the second refracting surface 512a of the internal sur-
face 51a by the external surface 52a, and then exits.
Other light (not illustrated) emitted from the light-emitting
unit 32a, partly is reflected to the first refracting surface
511a of the internal surface 51a by the external surface
52a and then exits, and partly is reflected to the ridged
line at the intersection between the first refracting surface
511a and the second refracting surface 512a by the ex-
ternal surface 52a, and then exits. As it can be seen in
connection with FIG. 6, all of the light incident onto the
reflecting wall 50a can be subjected to a total reflection
and then exits through the internal surface 51a as long
as the included angle α between the ridged line and the
plane where the light source plate 31a is located satisfies
the angle range corresponding to different materials.

The Second Embodiment

[0048] As illustrated in FIGS. 9-12, an embodiment of
the present invention provides a lighting apparatus 100b
which is a downlight lamp. Particularly, the lighting ap-
paratus 100b includes a lamp body 1b, an optical element
2b connected at a frond end of the lamp body 1b, a con-
necting part 6b sleeved at a periphery of the lamp body
1b, two clamp springs 8b connected onto the connecting
part 6b, a driving power source box 7b connected at a
rear end of the lamp body 1b, a light source assembly
3b received in the lamp body 1b, a reflecting device 5b
received in the lamp body 1b and configured to provide

a secondary light distribution for the light source assem-
bly 3b, and a driving power source assembly 4b received
in the driving power source box 7b and electrically con-
nected to the light source assembly 3b. The light source
assembly 3b is disposed at an end of the reflecting device
5b. It should be explained that, the reflecting device 5b
is in an annular shape and is transparent; the light emitted
from the light source assembly 3b, partly exits through
the optical element 2b directly, and partly is reflected by
the reflecting device 5b and then exits through the optical
element 2b.
[0049] Hereinafter, various components and connect-
ing relationships among components in the lighting ap-
paratus 100b provided by the embodiment of the present
invention will be described in more details.
[0050] As illustrated in FIGS. 10-12, the lamp body 1b
is in a cylindrical shape, including a bottom wall 11b and
a side wall 12b; the bottom wall 11b is provided with a
plurality of first through holes 111b; an annular-shaped
connecting surface 120b extends from an upper end of
the side wall 12b, and is provided with a plurality of notch-
es 121b. In the present embodiment, the notch 121b has
a semi-circular shape. The lamp body 1b may be made
of a thermal-conductive metallic material such as Al, and
may also be made of thermal-conductive plastic. As a
result, the lamp body 1b has high thermal conductivity.
When the light source assembly 3b located inside the
lamp body 1b generates heat, the heat may be quickly
dissipated through the lamp body 1b, so as to prevent
from an excessively high temperature inside the lamp
body 1b which may affect a service quality and a service
life of the light source assembly 3b.
[0051] As illustrated in FIGS. 10-12, the optical ele-
ment 2b plays a role of brightness balance. Particularly,
the optical element 2b includes a surface ring 21b and a
brightness balance plate 22b located at an inner side of
the surface ring 21b. In the present embodiment, the
brightness balance plate 22b is disposed between the
surface ring 21b and the reflecting device 5b in a manner
of abutting against the surface ring 21b and the reflecting
device 5b. In other alternative embodiments, the bright-
ness balance plate 22b may be fixed inside the lighting
apparatus 100b by using other fixing manners. The sur-
face ring 21b may be made of a metallic material or plas-
tic, including a main body 211b in a vertical, circular ring
shape, and an annular surface 212b which is integrally
connected with the main body 211b and is in a horizontal,
circular ring shape. Particularly, an internal surface of the
main body 211b is provided with a plurality of first con-
necting structures 2110b; the first connecting structure
2110b includes a bump 2111b and a fastening strip
2112b located at both sides of the bump 2111b; the fas-
tening strip 2112b extends axially along the main body
211b. The main body 211b is provided with a plurality of
positioning posts 2113b; the positioning post 2113b ex-
tends along an axial direction, and an end face of the
positioning post 2113b extends beyond an end face of
the main body 211b.
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[0052] The connecting part 6b is in a circular ring
shape, and an external side surface of the connecting
part 6b is provided with a plurality of second connecting
structures 610b and third connecting structures 620b.
Particularly, the second connecting structure 610b in-
cludes a clamping block 611b and a positioning groove
612b located at both sides of the clamping block 611b;
the positioning groove 612b extends axially along the
connecting part 6b. The third connecting structure 620b
includes a clamp spring mounting part 6212b and a con-
necting plate (not denoted) provided with a second
through hole 6211b. In the present embodiment, the first
connecting structure 2110b is connected with the second
connecting structure 610b, so as to realize a connection
between the connecting part 6b and the surface ring 21b.
Particularly, the fastening strip 2112b is received in the
positioning groove 612b to realize a positioning between
the connecting part 6b and the surface ring 21b; the bump
2111b is clamped at a lower surface of the clamping block
611b to be connected thereto, so as to realize a connec-
tion between the connecting part 6b and the surface ring
21b. At the same time, the lighting apparatus 100b of the
present embodiment further includes a screw (not illus-
trated), the screw passes through the second through
hole 6211b to be received inside the positioning post
2113b, so as to further enhance the connection between
the connecting part 6b and the surface ring 21b. Moreo-
ver, an upper face and a lower face of the connecting
surface 120b are abutted against the surface ring 21b
and the connecting part 6b, respectively; the positioning
post 2113b is posited at an external side of the notch
121b so as to fix the lamp body 1b between the surface
ring 21b and the connecting part 6b. In other alternative
embodiments, the connecting part 6b may be omitted,
the optical element 2b may be directly connected with
the lamp body 16, and the clamp spring 8b is connected
onto the optical element 2b.
[0053] In the present embodiment, the clamp spring
8b is made of a metallic material and is clamped inside
the clamp spring mounting part 6212b.
[0054] As illustrated in FIGS. 10-12, the driving power
source box 7b includes a lower cover 71b in a housing
shape, and an upper cover 72b in a plate shape; the
lower cover 71b and the upper cover 72b are connected
with each other in a snap-fit manner. An external surface
of the upper cover 72b is provided with a plurality of con-
necting posts 721b protruded therefrom, and the con-
necting post 721b passes through the first through hole
111b to be connected with the light source assembly 3b.
The lower cover 71b includes a first cover body 711b and
a second cover body 712b; the first cover body 711b and
the upper cover 72b are connected with each other in a
snap-fit manner. The second cover body 712b and the
first cover body 711b may be assembled with each other
in a detachable manner.
[0055] The driving power source assembly 4b is con-
nected onto an internal surface of the upper cover 72b.
Particularly, the driving power source assembly 4b in-

cludes an annular-shaped power source plate 41b and
a LED driving power source 42b located at one side of
the power source plate 41b. In the present embodiment,
the power source plate 41b and the upper cover 72b are
connected with each other in a snap-fit manner. The LED
driving power source 42b includes a plurality of compo-
nents, including but not limited to a LED driving controller
chip, a rectification chip, a resistor, a capacitor, a fuse
wire, a coil and the like. The lighting apparatus 100b of
the present embodiment further includes a power source
line (not illustrated); the power source line extends into
the lower cover 71b and is welded to the power source
plate 41b; the power source plate 41b transmits an ex-
ternal power to the LED driving power source 42b, and
the LED driving power source 42b further drives the light
source assembly 3b to emit light. In the present embod-
iment, the second cover body 712b and the power source
plate 41b are fixedly connected with each other through
a screw (not illustrated) so as to fixedly connect the lower
cover 71b with the power source plate 41b.
[0056] In the present embodiment, the second cover
body 712b is inserted into the first cover body 711b to be
connected thereto, so that the first cover body 711b and
the second cover body 712b cannot be movable with
each other in the up and down direction. Further, the
second cover body 712b and the power source plate 41b
are detachably fixed with each other through a screw (not
illustrated).
[0057] As illustrated in FIGS. 10-12, the light source
assembly 3b includes a light source plate 31b and a light-
emitting unit 32b located on the light source plate 31b.
Particularly, the light-emitting unit 32b is disposed at the
middle part of the light source plate 31b, that is, disposed
at the middle part of an opened side of the reflecting
device 5b. In the present embodiment, the light-emitting
unit 32b is a LED light source, and a plurality of light-
emitting units 32b is provided; these light-emitting units
32b are arranged on the light source plate 31b in an array.
In other alternative embodiments, the driving power
source assembly 4b may also be directly integrated onto
the light source plate 31b; the driving power source box
7b may be reserved but only matched with the existing
lamp body 1b in its appearance, an interior of the driving
power source box 7b may be empty.
[0058] As illustrated in FIGS. 10-14, the reflecting de-
vice 5b uses a lens as the reflecting wall 50b, which is in
an annular shape and has uniform thickness. The reflect-
ing wall 50b encloses and delimits an optical space 501b.
A structure and an optical path of the reflecting device
5b are similar to that of the reflecting device 5a in the
foregoing embodiment. Particularly, the reflecting device
5b includes an internal surface 51b, an external surface
52b, a light inlet 55b and a light outlet 56b; the internal
surface 51b includes a saw-tooth structure 510b; the light
inlet 55b and the light outlet 56b are communicated with
the optical space 501b; the light source plate 31b closes
the light inlet 55b. The difference between the reflecting
device 5b and the reflecting device 5a lies in that the
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diameters of the light inlet and the light outlet of the two
reflecting devices are different.
[0059] Moreover, in order to achieve the total reflection
at the reflecting wall 50b, it also needs the included angle
α formed between the ridged line generated by the first
refracting surface 511b intersecting with the second re-
fracting surface 512b and the plane where the light
source 31b is located to be smaller than a certain angle
A. In the present embodiment, if a PC material is selected,
A is 38°; if a material having higher refractivity is selected,
A may be 40°; and if PMMA is selected, A is 30°.

The Third Embodiment

[0060] As illustrated in FIGS. 13-16, an embodiment
of the present invention provides a lighting apparatus
100c, including a lamp body 1c, an optical element 2c
connected at a front end of the lamp body 1c, a surface
ring 6c configured to connect the lamp body 1c with the
optical element 2c, a light source assembly 3c received
in the lamp body 1c, a reflecting device 5c received in
the lamp body 1c and configured to provide a secondary
light distribution for the light source assembly 3c, and a
brightness balance plate 4c covering a light outlet of the
reflecting device 5c. The light source assembly 3c is dis-
posed at one end of the reflecting device 5c. It should be
explained that, the reflecting device 5c is in an annular
shape and is transparent. A part of the light emitted from
the light source assembly 3c directly exits through the
brightness balance plate 4c; and another part of the light
is reflected by the reflecting device 5c, then subjected to
a brightness balance by the brightness balance plate 4c,
and finally exists through the optical element 2c. The
lighting apparatus 100c of the present embodiment is a
two-staged reflective downlight lamp, in which the reflect-
ing device 5c is a first staged reflector and the optical
element 2c is a second staged reflector in a form of reflex
housing. The lighting apparatus 100c has better luminous
efficiency without stray light having great angle.
[0061] Hereinafter, various components and connect-
ing relationships among components in the lighting ap-
paratus 100c provided by the embodiment of the present
invention will be described in more details.
[0062] As illustrated in FIGS. 13-16, the lamp body 1c
is in a housing shape, including a bottom wall 11c and a
side wall 12c; an internal surface of the side wall 12c is
provided with a plurality of first receiving posts 121c and
second receiving posts 122c. The lamp body 1c may be
made of a thermal-conductive metallic material such as
Al, and may also be made of thermal-conductive plastic;
an external surface of the side wall 12c of the lamp body
1c is provided with a radiator fin. As a result, the lamp
body 1c has high thermal conductivity. When the light
source assembly 3c located inside the lamp body 1c gen-
erates heat, the heat may be quickly dissipated through
the lamp body 1c, so as to prevent from an excessively
high temperature inside the lamp body 1c which may
affect a service quality and a service life of the light source

assembly 3c.
[0063] As illustrated in FIGS. 13-16, the light source
assembly 3b includes a light source plate 31c and a light-
emitting unit 32c located on the light source plate 31c.
Particularly, the light source plate 31c is fixed on the bot-
tom wall 11c of the lamp body 1c through a screw (not
illustrated); the light-emitting unit 32c is disposed at the
middle part of the light source plate 31c, that is, disposed
at the middle part of an opened side of the reflecting
device 5c. In the present embodiment, the light-emitting
unit 32c is a LED light source, and a plurality of light-
emitting units 32c is provided; these light-emitting units
32c are arranged on the light source plate 31c in a circular
array. The driving power source assembly (not illustrat-
ed) is disposed outside the lamp body 1c, and a power
supply line 7c connected to the driving power source as-
sembly is connected to the light source plate 31c so as
to further drive the light-emitting unit 32c to emit light.
[0064] As illustrated in FIGS. 14-16, the reflecting de-
vice 5c uses a lens as the reflecting wall 50c, which is in
an annular shape and has uniform thickness. The reflect-
ing wall 50c encloses and delimits an optical space 501c.
A structure and an optical path of the reflecting device
5c are similar to that of the reflecting device 5a in the first
embodiment. Particularly, the reflecting device 5c in-
cludes an internal surface 51c, an external surface 52c,
a light inlet 55c and a light outlet 56c; the internal surface
51c includes a saw-tooth structure 510c; the light inlet
55c and the light outlet 56c are communicated with the
optical space 501c; the light source plate 31c closes the
light inlet 55c. The difference between the reflecting de-
vice 5c and the reflecting device 5a lies in that an end of
the reflecting device 5c provided with the light outlet 56c
is integrally connected with a horizontal, annular surface
57c, and also lies in that the diameters of the light inlet
and light outlet of the two reflecting devices are different.
Particularly, the horizontal, annular surface 57c is pro-
vided with a plurality of clamping structures 571c protrud-
ed therefrom, and the clamping structure is configured
to fix the brightness balance plate 4c; the annular surface
57c is further provided with a plurality of third through
holes 572c, the lighting apparatus 100c of the present
embodiment further includes a screw (not illustrated),
and a connection between the reflecting device 5c and
the lamp body 1c is achieved by passing the screw
through the third through hole 572c to be received in the
first receiving post 121c.
[0065] In the present embodiment, the brightness bal-
ance plate 4c is snap-fitted onto the reflecting device 5c.
In other alternative embodiments, the brightness balance
plate 4c may be fixed inside the lighting apparatus 100c
by using other fixing manners.
[0066] As illustrated in FIGS. 14-16, the surface ring
6c may be made of a metallic material or plastic, including
a main body 61c in a vertical, circular ring shape, and an
annular surface 62c which is integrally connected with
the main body 61c and is in a horizontal, circular ring
shape. Particularly, the main body 61c extends inwardly

13 14 



EP 3 511 614 A1

9

5

10

15

20

25

30

35

40

45

50

55

to form a connecting plate 610c, and the connecting plate
610c is provided with a plurality of fourth through holes
611c penetrating the connecting plate 610c in the up and
down direction. The lighting apparatus 100c of the
present embodiment further includes a screw (not illus-
trated), and a connection between the surface ring 6c
and the lamp body 1c is achieved by passing the screw
through the fourth through hole 611c to be received in
the second receiving post 122c. The connecting plate
610c is further provided with a first clamping structure
612c and a second clamping structure 613c; the first
clamping structure 612c is a concaved groove, while the
second clamping structure 613c includes a clamping
groove.
[0067] The optical element 2c is a second staged re-
flector in a housing shape, which is located at an inner
side of the surface ring 6c and is connected with the sur-
face ring 6c. The optical element 2c may play a role of
light-shielding angle to remove the influence of stray light
having great angle. The optical element 2c includes a
side wall 21c which is electroplated or sprayed with paint,
and the side wall 21c only plays a reflecting function. An
external surface of the side wall 21c is provided with a
plurality of first protrusion structures 211c and second
protrusion structures 212c; the first protrusion structure
211c is connected with the first clamping structure 612c
in a snap-fit manner, and the second protrusion structure
212c is connected with the second clamping structure
613c in a snap-fit manner so as to realize a connection
between the optical element 2c and the surface ring 6c.

The Fourth Embodiment

[0068] As illustrated in FIGS. 17-18, the fourth embod-
iment of the present invention provides a lighting appa-
ratus 100d, the lighting apparatus 100d is in a rectangular
shape and includes: a lamp body 1d, an optical element
2d connected with the lamp body 1d, a driving power
source assembly 4d received in the lamp body 1d, a light
source assembly 3d received in the lamp body 1d, and
a reflecting device 5d received in the lamp body 1d and
configured to provide a secondary light distribution for
the light source assembly 3d. The light source assembly
3d is disposed at one end of the reflecting device 5d. It
should be explained that, the light emitted from the light
source assembly 3d partly exits through the optical ele-
ment 2d directly, and partly is reflected by the reflecting
device 5d and then exits through the optical element 2d.
The lighting apparatus 100d may be applied in lighting
fixtures such as ceiling lamp, fresh lamp and outdoor
lamp.
[0069] In the present embodiment, the reflecting de-
vice 5d uses two lenses disposed opposite to each other
as the reflecting walls 50d, and a connecting plate 58d
is disposed between the two reflecting walls 50d, so as
to constitute a complete, reflecting device. The connect-
ing plate 58d, together with the reflecting walls 50d, may
enclose and delimit an optical space 501d, as illustrated

in FIG. 18; the connecting plate 58d may also be disposed
at the bottom, that is, the position of the light source as-
sembly 3d in the drawings, so that the connecting plate
58d and the reflecting walls 50d may form a structure
with a closed bottom and an opened top. In some other
embodiments, the connecting plate may not be adopted,
and a square-shaped or a polygonal-shaped reflecting
device may be formed by using four or more reflecting
walls 50d. It should be explained that, a part of the light
emitted from the light-emitting unit 32d is refracted, re-
flected and then refracted again by the reflecting wall
50d, then is directly emitted through the internal surface
51d of the reflecting wall 50d, and then exits through the
light outlet; and another part of the light is reflected by
the connecting plate 58d and is emitted through the in-
ternal surface (not labeled) of the connecting plate 58d,
and then exits through the light outlet.
[0070] A structure and an optical path of the reflecting
wall 50d are similar to that of the reflecting wall 50a of
the reflecting device 5a in the first embodiment, with the
only difference that the reflecting wall 50d is in a plate
shape while the reflecting wall 50a is in an annular shape.
The ridged line of the reflecting wall 50d may be a straight
line, and may also be an arc line.
[0071] The connecting plate 58d is also in a flat plate
shape. The connecting plate 58d has two sides attached
onto the side surface of the reflecting wall 50d, and has
upper and lower end faces flush with upper and lower
end faces of the reflecting wall 50d, respectively, so as
to enclose the light-emitting unit 32d in the optical space
501d constituted by the reflecting wall 50d and the con-
necting plate 58d. An internal surface of the connecting
plate 58d is a total reflection surface. In order to form the
total reflection surface, the connecting plate 58d may be
made of a material having a total reflection function such
as plastic and metal; the total reflection surface may also
be achieved by a surface treatment such as surface fin-
ishing process and plating process.
[0072] To sum up, in the lighting apparatus provided
by the embodiments of the present invention, a lens is
used as a reflecting device, an external surface of the
reflecting device includes a plurality of saw-tooth struc-
tures arranged continuously, an internal surface of the
reflecting device is used as a light incident surface and
a light emergent surface at the same time, and the ex-
ternal surface includes a first reflecting surface and a
second reflecting surface; with such design, all the light
incident onto the internal surface can exit with an optical
effect of total reflection, so as to improve the luminous
efficiency without the need of an electroplating process.
[0073] The foregoing particular examples further de-
scribe the objects, technical solutions and advantages
of the present invention in more details. It should be ap-
preciated that, the above merely are particular embodi-
ments of the present invention, but not limitative to the
present invention. Any modification, equivalent replace-
ment, improvement and the like that is made within the
spirit and principle of the present invention shall be within

15 16 



EP 3 511 614 A1

10

5

10

15

20

25

30

35

40

45

50

55

the protection scope of the present invention.

Claims

1. A lighting apparatus, comprising a lamp body, an
optical element connected with the lamp body, a light
source assembly received in the lamp body, a re-
flecting device received in the lamp body and con-
figured to provide a light distribution for the light
source assembly, and a driving power source as-
sembly received in the lamp body and electrically
connected with the light source assembly;
the reflecting device being provided with a light inlet,
a light outlet and a reflecting wall located between
the light inlet and the light outlet, the reflecting wall
being transparent, and the reflecting wall comprising
an internal surface and an external surface;
the internal surface comprising a plurality of saw-
tooth structures arranged continuously, each of the
saw-tooth structures comprising a first refracting sur-
face and a second refracting surface intersected with
each other, two ends of each of the saw-tooth struc-
tures extending towards the light inlet and the light
outlet, respectively; and
the light source assembly being disposed at the light
inlet of the reflecting device.

2. The lighting apparatus according to claim 1, wherein
the reflecting device is in an annular shape, and the
reflecting device has uniform thickness.

3. The lighting apparatus according to claim 1, wherein
the first refracting surface and the second refracting
surface are perpendicular to each other.

4. The lighting apparatus according to claim 1, wherein
the external surface of the reflecting wall is a smooth
wall and is a total reflection wall.

5. The lighting apparatus according to claim 1, wherein
a diameter of the light inlet is smaller than a diameter
of the light outlet, and the two ends of the saw-tooth
structure extend into at least one of the light inlet and
the light outlet.

6. The lighting apparatus according to claim 1, wherein
the first refracting surface and the second refracting
surface of the saw-tooth structure are intersected
with each other to generate a ridged line, and the
ridged line is a straight line or an arc line.

7. The lighting apparatus according to claim 1, wherein
an included angle between a tangent line of any point
on the ridged line and a plane where the light inlet
is located is smaller than A, wherein A is 40°.

8. The lighting apparatus according to claim 7, wherein

if a material of the reflecting wall is PC, A equals to
38°; and if the material of the reflecting wall is acrylic,
A equals to 30°.

9. The lighting apparatus according to claim 1, wherein
two reflecting walls opposite to each other are pro-
vided, and each of the reflecting walls is in a flat plate
shape.

10. The lighting apparatus according to claim 9, wherein
the reflecting device further comprises a connecting
plate disposed between the reflecting walls.

11. The lighting apparatus according to claim 1, wherein
the lighting apparatus further comprises a heat sink
received in the lamp body, and both of the light
source assembly and the driving power source as-
sembly are received in the heat sink.

12. The lighting apparatus according to claim 11, where-
in an upper end face and a lower end face of the
heat sink, and/or, an upper surface and a lower sur-
face of the heat sink, are disposed between the op-
tical element and the lamp body in a manner of abut-
ting against the optical element and the lamp body,
respectively.

13. The lighting apparatus according to claim 1, wherein
the light source assembly and the driving power
source assembly are disposed integrally or disposed
separately.

14. The lighting apparatus according to claim 1, wherein
the driving power source assembly and the light
source assembly are disposed separately;
the driving power source assembly comprises an an-
nular-shaped power source plate and a driving pow-
er source located at one side of the power source
plate; and
the light source assembly is located at an inner side
of the power source plate.

15. The lighting apparatus according to claim 1, claim
13 or claim 14, wherein the light source assembly
comprises a light source plate and at least one light-
emitting unit located on the light source plate.

16. The lighting apparatus according to claim 1, wherein
the lighting apparatus further comprises a connect-
ing part sleeved at a periphery of the lamp body, and
the connecting part is connected with the lamp body
and the optical element, respectively.

17. The lighting apparatus according to claim 16, where-
in the optical element comprises a surface ring and
a brightness balance plate located at an inner side
of the surface ring.
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18. The lighting apparatus according to claim 17, where-
in the surface ring comprises a main body in a ver-
tical, circular ring shape, and an annular surface
which is connected integrally with the main body and
is in a horizontal, circular ring shape;
the main body is connected with the lamp body and
the optical element, respectively.

19. The lighting apparatus according to claim 16, where-
in the lighting apparatus further comprises two clamp
springs which are connected at an external side of
the connecting part.

20. The lighting apparatus according to claim 16, where-
in the lighting apparatus further comprises a driving
power source box connected with the lamp body,
and the driving power source assembly is received
in the driving power source box.

21. The lighting apparatus according to claim 1, wherein
the lighting apparatus comprises a first staged re-
flector and a second staged reflector;
the reflecting device is the first staged reflector, and
the optical element is the second staged reflector in
a form of reflex housing.

22. The lighting apparatus according to claim 21, where-
in the lighting apparatus further comprises a bright-
ness balance plate, the brightness balance plate
covers the light outlet of the reflecting device, and
the reflex housing is located above the brightness
balance plate.

23. The lighting apparatus according to claim 21, where-
in the optical element comprises a surface ring lo-
cated at an external side of the reflex housing, and
the surface ring is connected with the lamp body.

24. The lighting apparatus according to claim 1, wherein
an optical space is enclosed and delimited by the
light inlet, the light outlet and the internal surface of
the reflecting device;
a part of light emitted from the light source assembly
enters the reflecting wall upon being refracted by the
internal surface, enters the optical space upon being
reflected by the reflecting wall, and exits through the
light outlet; and
another part of the light emitted from the light source
assembly directly passes through the optical space
and exits through the light outlet.
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