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(54) VEHICLE HEADLAMP

(57) A compact vehicle headlamp capable of obtain-
ing a light distribution suitable for a front illumination of
a vehicle is provided.

Avehicle headlamp is provided with a cylindrical pyr-
amid reflector 2 having a front opening 21 larger than a
rear opening 22, an LED 1 mounted on the rear opening
22 of the reflector 2, and a projector lens 3 arranged to
face the front opening 21 of the reflector 2. The reflector

2 includes upper, lower, left and right reflective surfaces
2r, 2d, 21, 2r each of which has a parabola shape with a
focal point on the LED 1. An emitting angle of a light
emitted from the reflector 2 is set greater in a lateral di-
rection than in a vertical direction. A front end edge of
the lower reflective surface 2d is formed in a shape cor-
responding to a cut-offline of alow beam light distribution.
A notch 23 is formed on the upper reflective surface 2u
and extends rearward from a front end edge.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a headlamp of
a vehicle such as an automobile and, more particularly,
to a headlamp (headlight) using a semiconductor light-
emitting element such as LED (Light Emitting Diode) as
a light source.

BACKGROUND ART

[0002] An automobile headlamp using a semiconduc-
tor light-emitting element such as an LED as a light
source has been variously suggested. In recent years, a
compactness and lightweight of the headlamp are further
demanded. In order to meet such a demand, it is consid-
ered that the headlamp is configured using CPC (Com-
pound Parabolic Concentrator).

[0003] Asdisclosed in Patent Document 1, the CPC is
configured as a conical-cylindrical reflector having aridge
line formed in a parabolic shape or a shape similarthereto
and configured in such a way that an LED is provided in
a small-diameter rear opening, a light emitted from the
LED is reflected on an inner surface of the CPC and thus
emitted from a large-diameter front opening. By using
the CPC thus configured, the light emitted from the LED
can be projected with high efficiency and thus it is pos-
sible to realize an illumination with high brightness de-
spite of the compactness of an entire structure.

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0004] Patent Document 1: Japanese Patent Laid-
Open Publication No. 2007-235079

SAMMARY OF THE INVENTION
PROBLEM TO BE SOLVED

[0005] The presentinventor has found thatitis possible
to illuminate a light with high brightness on a predeter-
mined region around an optical axis owing to the reflec-
tive property of the CPC when a vehicle headlamp is
configured using the CPC mentioned above. As a result,
it was found that a purpose of the compactness and light-
weight can be effectively achieved.

However, radiation characteristics of the light by the CPC
have a high light-converging property and a uniform prop-
erty. Accordingly, the light irradiating regions are distrib-
uted in a circular shape and a clear circular bright-dark
boundary part is tend to be generated on a boundary
between an irradiated region and un-irradiated region,
even though the light from the CPC is adapted to be pro-
jected through a lens.

[0006] Therefore, in a case where the CPC is used to
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form a low beam light distribution of an automobile, it is
difficult to obtain the light distribution which is narrow in
avertical direction and wide in a lateral direction. Further,
it is also difficult to use the bright-dark boundary part as
a so-called cut line along an upper edge of an irradiated
region.

Further, the bright-dark boundary part also occurs in a
region just front of an own vehicle and thus the illumina-
tion of a region on a side of the own vehicle of the bright-
dark boundary part becomes insufficient. Accordingly, it
is apparent that there is a problem to be solved from
these points when the CPC is applied in the vehicle head-
lamp.

[0007] An object of the present invention is to provide
a compact and lightweight vehicle headlamp capable of
obtaining a light distribution suitable for a front illumina-
tion of a vehicle by utilizing a reflector formed in CPC or
a shape similar thereto.

MEANS FOR SOLVING THE PROBLEM

[0008] According to the present invention, a vehicle
headlamp is provided with a cylindrical pyramid reflector
having a front opening larger than a rear opening, a light
emitting element mounted on the rear opening of the re-
flector, and a projector lens arranged to face the front
opening of the reflector. The reflector includes an upper
reflective surface, a lower reflective surface, a right re-
flective surface, and a left reflective surface each of which
has an axial cross-section in a shape of a parabola with
a focal point on the light emitting element. An emitting
angle of alight emitted from the front opening is set great-
er in a lateral direction than in a vertical direction.
[0009] In the present invention, it is preferable that a
front end edge of the lower reflective surface of the re-
flector is formed in a shape corresponding to a cut-off
line of a low beam light distribution, and a rear focal point
of the projector lens is arranged in a vicinity of the front
end edge.

Moreover, it is preferable that a notch is formed on the
upper reflective surface of the reflector and extends rear-
ward from a frontend edge of the upper reflective surface.
In addition, itis preferable that the reflector, the light emit-
ting element and the projector lens are integrally assem-
bled to form a lamp unit.

ADVANTAGE OF THE INVENTION

[0010] According to the presentinvention, since a light
can be irradiated to provide a light distribution pattern
having an irradiation range which is wider in a lateral
direction than in a vertical direction, it is possible to struc-
ture a headlamp having a light distribution suitable for a
front illumination of a vehicle

Further, since a front end edge of a lower reflective sur-
face of a reflector is formed in a shape corresponding to
a cut-off line and a rear focal point of a projector lens is
arranged in a vicinity of the front end edge, it is possible
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to structure a headlamp capable of achieving a low beam
light distribution with a required cut-off line.
Furthermore, since a notch is formed on an upper reflec-
tive surface of the reflector, it is possible to structure a
headlamp capable of achieving a light distribution in
which a clear bright-dark boundary is not generated in
anillumination just front of an own vehicle, the brightness
is suppressed and thus the brightness gradient is allevi-
ated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

[FIG. 1]1FIG. 1is a vertical sectional view taken along
an optical axis of a lamp unit according to an em-
bodiment of the present invention.

[FIG. 2] FIG. 2 is an external perspective view illus-
trating an essential portion of the lamp unit.

[FIG. 3] FIGS. 3(a) and 3(b) are an enlarged per-
spective view and front view of a reflector.

[FIG. 4] FIGS. 4(a) and 4(b) are a vertical sectional
view and a horizontal sectional view indicating opti-
cal path diagrams of the reflector.

[FIG. 5] FIGS. 5(a) to 5(c) are pattern diagrams of a
low beam light distribution and a high beam light dis-
tribution.

[FIG. 6] FIGS. 6(a) to 6(c) are plan views illustrating
modifications of a notch.

DESCRIPTION OF THE EMBODIMENT

[0012] An embodiment of the present invention will be
described by referring to the accompanying drawings.
FIG. 1 is a vertical sectional view taken along an optical
axis of a lamp, illustrating a schematic configuration of
an embodiment of the present invention which is applied
to a vehicle headlamp, in particular, a headlamp having
a low beam light distribution. Although not illustrated in
the drawings, a lamp housing is structured by a container-
shaped lamp body and a transparent front cover mounted
on a front opening of the lamp body. A lamp unit LU il-
lustrated in FIG. 1 is housed in the lamp housing.
[0013] The lamp unit LU includes a light source 1, a
reflector 2 and a projector lens 3. Light emitted from the
light source 1 is reflected by the reflector 2 and then re-
fracted by the projector lens 3. In this way, the light is
irradiated on a front region of a vehicle through the front
cover. The projector lens 3 according to the embodiment
is configured as an approximately cylindrical lens which
has a light-converging function in a vertical direction and
a light-diffusing function in a lateral direction.

[0014] FIG. 2 is an external perspective view illustrat-
ing an essential portion of the lamp unit LU. By referring
to FIGS. 1 and 2, the lamp unit LU includes a unit base
4 made of a metal plate, etc., and the light source 1 is
supported on arear wall 41 of the unit base. The reflector
2 is supported on a rear horizontal wall 42 of the unit
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base through a retainer 43. Further, the projector lens 3
is supported on a front horizontal wall 44 of the unit base
4 through a lens frame 45. A heat sink 46 is integrally
provided on a rear surface of the rear wall 41 of the unit
base 4 and dissipates a heat generated in the light source
1.

[0015] The light source 1 is configured by a LED. In
the present embodiment, the light source is constituted
with a surface-emitting type LED of which a light emitting
surface is a rectangle. As illustrated in an enlarged per-
spective view of FIG. 3 (a), the reflector 2 is configured
in a cylindrical pyramid type which includes four reflective
surfaces 2u, 2d, 21, 2r in an upper side, a lower side, a
left side and aright side as seen from a front. The reflector
is dimensioned so that a front opening 21 thereof is larger
than a rear opening 22 thereof. The dimension of the rear
opening 22 is substantially equal to an external dimen-
sion of the LED 1 and the LED 1 is mounted on the rear
opening. The projector lens 3 is configured by a convex
lens and opposed to the front opening 21 of the reflector 2.
[0016] The reflector 22 will be described in detail. As
illustrated in FIG. 3 (b), the reflector 22 is configured in
a horizontally long rectangular type which is longer in a
lateral direction than in a vertical direction as seen from
the front. Two upper and lower reflective surfaces 2u and
2d constituting the reflector 2 are line-symmetric with re-
spect to a center axis of the reflector 2, that is, an optical
axis Rx of the reflector.

[0017] Asillustratedin FIG. 4 (a), both upper and lower
reflective surfaces cut in a vertical direction are shaped
in a parabola. The upper reflective surface 2u is formed
as a parabola in which a focal point Fu is provided on a
lower edge of the rear opening 22. The lower reflective
surface 2d is formed as a parabola in which a focal point
Fd is provided on an upper edge of the rear opening 22.
Thesereflective surfaces are configured to extend in hor-
izontal left and right direction, respectively.

[0018] As illustrated in FIG. 4 (b), two left and right
reflective surfaces 21 and 2r are also line-symmetric with
respect to the optical axis Rx of the reflector. Both left
and right reflective surfaces cut in a horizontal direction
are shaped in a parabola. The left reflective surface 2l is
formed as a parabolain which a focal point Fl is provided
on aright end of the LED 1 mounted on the rear opening
22. The rightreflective surface 2r is formed as a parabola
in which a focal point Fr is provided on a left end of the
LED 1. Thesereflective surfaces are configured to extend
in vertical upper and lower direction, respectively.
[0019] Further, the left and right reflective surfaces 2,
2r have large inclination angles relative to the optical axis
Rx of the reflector and are configured to reflect light in a
larger angle than the upper and lower reflective surfaces
2u, 2d when reflecting light from the LED 1, as will be
described later.

[0020] As illustrated in FIG. 3 (b), a front end edge of
the lower reflective surface 2d of the reflector 2 has left
and right edges having different height, as seen from a
front of the front opening 21. Specifically, the right edge



5 EP 2 525 141 A1 6

r is located lower than the left edge | with respect to a
center position in a left and right direction. Further, a cen-
tral edge cincluding the center position is slanted in upper
left direction, as seen from the front.

[0021] Owing to the inclined shape of the central edge
c, a stepped portion 2dd is provided in a central position
of the lower reflective surface 2d in a lateral direction and
extends rearward from the front opening 21 along the
optical axis Rx of the reflector. This stepped portion con-
stitutes a so-called cut-off line when the illumination of
the low beam light distribution is performed.

[0022] Further, the upper reflective surface 2u of the
reflector 2 is formed with an arc-shaped notch 23 extend-
ing rearward from the front opening 21. The shape and
dimensions of the notch 23 are determined in accordance
with the light distribution property of the low beam light
distribution to be designed, as can be seen from the fol-
lowing description.

[0023] The LED 1 is arranged in the rear opening 22
of the reflector 2 in such a way that the center of the light
emitting surface is matched with the optical axis Rx of
the reflector. Further, the projector lens 3 is so configured
that a central axis of the lens (that is, optical axis of the
lens) is parallel-shifted from the optical axis Rx of the
reflector vertically downward. The rear focal point Fp of
the projector lens 3 is arranged to be matched or sub-
stantially matched with the central edge c of the front end
edge of the lower reflective surface 2d in the front opening
21 of the reflector 2. Here, the optical axis of the lens
serves as the optical axis Lx of the lamp in the lamp unit.
[0024] According to the lamp unit LU thus configured,
aportion of the light emitted from the light emitting surface
ofthe LED 1 isrespectively projected on the left reflective
surface 2| and the right reflective surface 2r when light
is emitted from the LED 1, as illustrated in horizontal op-
tical paths in FIG. 4 (b). These left and right reflective
surfaces 2, 2r are configured as a paraboloid in which
the left and right ends Fl, Fr of the LED 1 on the rear
opening 22 correspond to a focal point. By this configu-
ration, a portion of the light emitted from the light emitting
surface of the LED 1 is respectively reflected as parallel
flux and emitted from the front opening 21 of the reflector
2 toward the projector lens 3 when light is emitted from
the LED 1.

[0025] Further, the other portion of the light emitted
from the LED 1 is emitted as a direct light and directed
toward the projector lens 3 through the front opening 21.
It is possible to match the emitting angle 62 of the reflect-
ed angle and the emitting angle 621 of the direct light by
properly designing the length of the reflector 2 along the
optical axis Rx of the reflector and the dimension of the
front opening 21 in a lateral direction.

[0026] Thereby, these lights are incident on the pro-
jector lens 3 as a light flux with an incident angle less
than 62 (=621), and then refracted by the projector lens
and projected toward the front. Accordingly, illumination
light has a wide horizontal angle calculated from the in-
cident angle 62 ad the focal length and refractive index
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of the projector lens 3. For example, the light is irradiated
on the region of 45° in the left and right direction, respec-
tively.

[0027] Meanwhile, a portion of the light emitted from
the light emitting surface of the LED 1 is respectively
projected on the upper reflective surface 2u and the lower
reflective surface 2d, as illustrated in vertical optical paths
in FIG. 4 (a). Since these upper and lower reflective sur-
faces 2u, 2d are configured as a paraboloid in which the
upper and lower edges of the rear opening 22 respec-
tively correspond to focal points Fu, Fd, a portion of the
light emitted from the light emitting surface of the LED 1
is respectively reflected as parallel flux and emitted from
the frontopening 21 of the reflector 2 toward the projector
lens 3.

[0028] Further, the other portion of the light emitted
from the LED 1 is emitted as a direct light and directed
toward the projector lens 3 through the front opening 21.
Itis possible to match the emitting angle 61 of the reflect-
ed angle and the emitting angle 611 of the direct light by
properly designing the length of the reflector 2 along the
optical axis Rx of the reflector and the dimension of the
front opening 21 in a vertical direction.

[0029] Thereby, these lights are incident on the pro-
jector lens 3 as a light flux with an incident angle less
than 61 (=611), and then refracted by the projector lens
and projected toward the front. For example, the light is
irradiated on the region of 22° in the upper and lower
direction, respectively. However, since the upper reflec-
tive surface 2u is provided with the notch 23 extending
rearward from the front opening 21, the light passing
through the notch 23 is emitted in an incident angle 621
larger than 61 and incident on an upper region of the
projector lens 3.

[0030] The light emitted from the front opening 21 of
the reflector 2 is irradiated to the front by the projector
lens 3 to form a predetermined light distribution pattern.
Light on an upper limit region of the light distribution pat-
tern in the light emitted from the front opening 21, thatis,
light emitted along the front end edge of the lower reflec-
tive surface 2d of the reflector 2 before being upside down
by the projector lens 3, is shaped in such a way that the
left and right edges r, | of the front end edge are different
in height and the central edge c is inclined. Further, the
front end edge is arranged in the vicinity of the rear focal
point Fp of the projector lens 3. Accordingly, light is irra-
diated on the optical axis of the projector lens 3 (in other
words, the optical axis Lx of the lamp) in a light pattern
corresponding to the shape of the front end edge.
[0031] Bythese configurations, asillustratedinthe light
distribution pattern of FIG. 5 (a), a low beam light distri-
bution pattern Lo having a cut-off line COL corresponding
to the shape of the front end edge is formed in the upper
limit region of the bright-dark boundary.

[0032] Further, since the notch 23 is formed on the
front end edge, light which is emitted from the front open-
ing 21 and then incident on an upper region of the pro-
jector lens 3, that is, light which is emitted along the front
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end edge of the upper reflective surface 2u of the reflector
2 and reflected at the lower reflective surface 2d and the
direct light emitted upward from the LED 1 are emitted
upward through the notch 23 and incident on the upper
region of the projector lens 3 in an angle 612 larger than
the incident angle 61.

[0033] The light passing through the notch 23 is irra-
diated on a lower region of the optical axis of the lens
(that is, the optical axis Lx of the lamp) by the projector
lens 3. Thereby, there is achieved a light distribution pat-
tern in which a lower illumination region of the low beam
light distribution pattern Lo illustrated FIG. 5 (a) (that is,
a near-forward region a vehicle) is expanded to a nearer-
forward region An of a vehicle, the bright-dark boundary
is not highlighted and the gradient of brightness is re-
laxed.

[0034] As such, the low beam light distribution pattern
Lo obtained by the lamp unit LU according to the present
embodiment is adapted to form a light distribution suita-
ble for the front illumination of a vehicle, which is narrow
in a vertical direction and wide in a lateral direction. Fur-
ther, a region close to the optical axis Lx of the lamp
irradiating a far-forward region is formed with a predeter-
mined cut-off line shape having a distinct bright-dark
boundary and a lower region thereof irradiating a near-
forward region forms illumination in which the gradient
of brightness is relaxed and the irradiating range is wide.
[0035] Thereby, a dazzling of a preceding vehicle or
an oncoming vehicle is prevented while brightly irradiat-
ing the far-forward region. Further, the near-forward re-
gion is widely irradiated in a proper brightness, instead
of excessive brightness. Accordingly, it is possible to
achieve a proper low beam light distribution.

[0036] In this lamp unit LU, all of the light emitted from
the LED 1 is utilized for the low beam light distribution
and therefore it is possible to improve the utilization effi-
ciency of light. Accordingly, it is possible to achieve a
light distribution pattern capable of irradiating lightin high
brightness, even if a small LED or a lower power con-
sumption LED is employed. Further, there is no need a
shade for achieving the low beam lightdistribution pattern
and therefore it is possible to realize the compactness
and lightweight of the lamp unit.

[0037] Herein, the shape of the front end edge of the
lower reflective surface 2d in the reflector 2 is not limited
to the shape illustrated in the foregoing embodiment. Al-
though not illustrated in the drawings, the left edge of the
front end edge relative to the center position in a left and
right direction may be simply inclined. In this case, it is
possible to achieve the low beam light distribution pattern
Lo2 having the cut-off line COL in which a left side region
relative to the optical axis Lx of the lamp is slanted in
upper left direction, as illustrated in FIG. 5 (b).

[0038] Further, the notch 23 formed on the upper re-
flective surface 2u of the reflector 2 is not limited to the
arc-shaped notch illustrated in the foregoing embodi-
ment. For example, a rectangular notch 23A illustrated
in a plan view in FIG. 6 (a) or a triangular notch 23B
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illustrated in FIG. 6 (b) may be employed. Further, the
notch can be designed in an appropriate shape depend-
ing on the brightness or width of the light upon irradiating
near-forward region.

[0039] Further, anotch 23cin which the cut-outamount
of a central region is small may be employed, as illus-
trated in FIG. 6 (c). In particular, in a case where the
notch 23c of FIG. 6 (c) is used, illumination brightness of
the region Ann just before own vehicle illustrated by a
dashed line in FIG. 5 (a) is slightly reduced and therefore
it is possible to avoid the deterioration of visibility due to
excessive illumination brightness of the region Ann just
before own vehicle. In particular, this notch is preferable
to avoid the deterioration of visibility and the dazzling of
another vehicle due to the reflected light from road sur-
face in the rain.

[0040] An example of realizing the low beam light dis-
tribution has been described in the foregoing embodi-
ment. However, it is also possible to realize a high beam
light distribution Hi having a light distribution pattern il-
lustrated in FIG. 5 (c), by forming the front end edge of
the lower reflective surface 2d of the reflector 2 into a
simple linear shape and properly adjusting the position
of the rear focal point of the projector lens 3. The light
distribution pattern illustrated in FIG. 5 (c) includes a re-
gion above the optical axis Lx of the lamp and has no
cut-off line in an upper edge region thereof. Also in this
case, when the notch 23 is formed on the upper reflective
surface 2u of the reflector 2, alleviated illumination with
brightness gradient having no bright-dark boundary can
be realized for the nearer-forward region An of a vehicle.
[0041] The light emitting element used in the present
invention is not limited to the LED. For example, a sem-
iconductor light emitting element such as a laser diode
may be used as the light source of the headlamp of the
present invention.

[0042] While description has been made in connection
with particular embodiments of the present invention, it
will be obvious to those skilled in the art that various
changes and modification may be made therein without
departing from the present invention.

The present application claims a priority from Japanese
Patent Application No. 2010-3564 filed on January 12,
2010, the entire contents of which are incorporated here-
in by reference. Further, all references cited in the Jap-
anese patent application are incorporated herein as a
whole.

INDUSTRIAL APPLICABILITY

[0043] The present invention may be employed in a
compact vehicle headlamp using a light emitting element
as a light source.

DESCRIPTION OF REFERENCE NUMERALS

[0044]
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1: Light source (LED)

2: Reflector

3: Projector lens

4: Unit base

21:  Front opening

22:  Rear opening

23: Notch

2u: Upper reflective surface

2d: Lower reflective surface

2r: Right reflective surface

2l Left reflective surface

Rx:  Optical axis of reflector

Lx: Optical axis of lamp (Optical axis of lens)

Claims

1. A vehicle headlamp comprising:

a cylindrical pyramid reflector having a front
opening larger than a rear opening;

a light emitting element mounted on the rear
opening of the reflector; and

a projector lens arranged to face the front open-
ing of the reflector,

wherein the reflector includes an upper reflec-
tive surface, a lower reflective surface, a right
reflective surface, and a left reflective surface
each of which has an axial cross-section in a
shape of a parabola with a focal point on the
light emitting element, and

wherein an emitting angle of a light emitted from
the front opening is set greater in a lateral direc-
tion than in a vertical direction.

2. Thevehicle headlamp according to claim 1, wherein
afront end edge of the lower reflective surface of the
reflector is formed in a shape corresponding to a cut-
off line of a low beam light distribution, and
wherein a rear focal point of the projector lens is ar-
ranged in a vicinity of the front end edge.

3. The vehicle headlamp according to claim 1 or 2,
wherein a notch is formed on the upper reflective
surface of the reflector and extends rearward from
a front end edge of the upper reflective surface.

4. Thevehicle headlamp accordingto any one of claims

110 3, wherein the reflector, the light emitting element
and the projector lens are integrally assembled to
form a lamp unit.
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