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Description

BACKGROUND

TECHNICAL FIELD

[0001] The present disclosure relates to a lamp unit
and more particularly to a lamp unit adapted to be mount-
ed on a vehicle.

RELATED ART

[0002] A lamp unit including a projection lens is known
as a lamp unit configured to be mounted on a vehicle. In
this lamp unit, a projection lens is disposed on a front
side of a light source, and light emitted from the light
source is irradiated to the front of the lamp unit through
the projection lens. A planoconvex or biconvex lens hav-
ing a circular shape as seen from the front thereof is used
as the projection lens. On the other hand, for example,
Patent Literature 1 discloses an anomalous projection
lens for a vehicle lamp, and this projection lens has a
polygonal shape as seen from the top thereof and has
an edge (ridge) on a surface thereof. JP 2010-080306
discloses a projection lens for a vehicle headlamp. Doc-
uments FR 700 788 and DE 43 29 332 A1 disclose further
projection lenses for a vehicle headlamp.

[Related Art Literature]

[Patent Literature]

[0003] [Patent Literature 1] JP-A-2009-43543
[0004] In these situations, the inventor has come to
recognize the following problem. Namely, the aforesaid
anomalous projection lens has the edge (ridge) which
extends on a front surface thereof, and therefore, with
this projection lens, compared with a similar projection
lens having no such ridge, it becomes difficult to direct
light that exits from the projection lens in a desired direc-
tion. Consequently, with a lamp unit including such a pro-
jection lens, compared with a lamp unit including a pro-
jection lens which has no such ridge on a front surface
thereof, it becomes difficult to control the light distribution
thereof. In particular, in a projection lens, much of the
light from a light source generally passes through a cen-
tral area of the lens. Because of this, in order to control
the light distribution of a lamp unit with high accuracy, it
is required to control the direction of light that exits from
a central area of a projection lens in the lamp unit with
high accuracy.

SUMMARY

[0005] The invention is defined by the appended
claims. Exemplary embodiments of the invention provide
a lamp unit including an anomalous projection lens which
can suppress the reduction in accuracy with which the

light distribution is controlled.
[0006] Deleted
[0007] Deleted
[0008] Deleted
[0009] According to the invention, the non-circular
shape is a polygonal shape, and the front surface of the
projection lens has ridges in the region defined from the
rear end portion of the front surface to the position which
lies close to a front end portion of the front surface, and
has no ridge in the region defined from the position which
lies close to a front end portion of the front surface to the
front end portion of the front surface.
[0010] By adopting this configuration, the exit direction
of the light that exits from the central area of the projection
lens can be controlled with high accuracy, and therefore,
the accuracy with which the light distribution of the lamp
unit is controlled can be increased.
[0011] In the lamp unit, in a rear surface of the projec-
tion lens, a first region which contains a point of intersec-
tion which intersects an optical axis of the lamp unit may
take a substantially rotationally symmetric shape which
is centered at the point of intersection, and a second re-
gion outside of the first region may take a shape defined
by a free curved surface, light that passes through a rear
focal point of the projection lens to enter the first region
of the rear surface may exit from a region defined from
the front end portion to the position of the front surface,
and light that passes through the rear focal point of the
projection lens to enter the second region may exit from
a region defined between the position to the rear end
portion of the front surface.
[0012] By adopting this configuration, the area from
the position which lies close to the front end portion on
the front surface to the rear end portion can also be used
to form the light distribution pattern.
[0013] Deleted
[0014] Deleted

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a vertical sectional view showing exemplarily
a schematic construction of a vehicle lamp in which
a lamp unit according to a first embodiment is mount-
ed.
Fig. 2A is a perspective view of projection lens pro-
vided in the lamp unit according to the first embodi-
ment as seen from the front of the vehicle lamp.
Fig. 2B is a front view of the projection lens.
Fig. 3A is a perspective view of the projection lens
from the rear of the vehicle lamp.
Fig. 3B is a rear view of the projection lens.
Fig. 4A is a front view of the projection lens which
describes the shape of the front surface of the pro-
jection lens.
Fig. 4B is a side view of the projection lens which
describes the shape of the front surface of the pro-
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jection lens.
Fig. 5 is a vertical sectional view of the projection
lens.
Fig. 6A is a perspective view of a projection lens
provided in a lamp unit according to a second em-
bodiment as seen from the front of a vehicle lamp.
Fig. 6B is a front view of the projection lens.
Fig. 7A is a perspective of the projection lens as seen
from the rear of the vehicle lamp.
Fig. 7B is a rear view of the projection lens.
Fig. 8A is a front view of the projection lens which
describes the shape of a front surface of the projec-
tion lens.
Fig. 8B is a side view of the projection lens which
describes the shape of the front surface of the pro-
jection lens.
Fig. 9 is a vertical sectional view of the projection
lens.
Fig. 10A is a perspective view of a projection lens
provided in a lamp unit according to a third embod-
iment as seen from the front of a vehicle lamp.
Fig. 10B is a front view of the projection lens.
Fig. 11A is a perspective of the projection lens as
seen from the rear of the vehicle lamp.
Fig. 11B is a rear view of the projection lens.
Fig. 12A is a front view of the projection lens which
describes the shape of a front surface of the projec-
tion lens.
Fig. 12B is a side view of the projection lens which
describes the shape of the front surface of the pro-
jection lens.
Fig. 13 is a vertical sectional view of the projection
lens.
Fig. 14A is a perspective view of a projection lens
provided in a lamp unit according to a fourth embod-
iment as seen from the front of a vehicle lamp.
Fig. 14B is a front view of the projection lens.
Fig. 15A is a perspective of the projection lens as
seen from the rear of the vehicle lamp.
Fig. 15B is a rear view of the projection lens.
Fig. 16A is a front view of the projection lens which
describes the shape of a front surface of the projec-
tion lens.
Fig. 16B is a side view of the projection lens which
describes the shape of the front surface of the pro-
jection lens.
Fig. 17 is a vertical sectional view of the projection
lens.
Figs. 18A to 18C are diagrams which describe a
method for setting the shape of the front surface.
Fig. 19 is a graph showing a relation between a ratio
of mixing the base shapes which determines the front
surface of the projection lens and the position of the
projection lens in a front-to-rear direction of the ve-
hicle lamp.
Fig. 20 is a vertical sectional view which shows ex-
emplarily a schematic construction of a vehicle lamp
in which a lamp unit according to a modified example

is mounted.

DETAILED DESCRIPTION

[0016] Hereinafter, the invention will be described
based on preferred embodiments by reference to the
drawings. Like reference numerals will be given to like
or similar constituent elements, members and processes
shown in the drawings, and the repetition of similar de-
scriptions will be omitted as required. In addition, the em-
bodiments to be described are not intended to limit the
invention but are intended to illustrate the same. All the
features that are described in the embodiments and com-
binations thereof are not necessarily the essence of the
invention.

(First Embodiment)

[0017] Fig. 1 is a vertical sectional view showing ex-
emplarily a schematic construction of a vehicle lamp in
which a lamp unit according to the first embodiment is
mounted. A vehicle lamp 1 described in this embodiment
is a vehicle headlamp apparatus having a pair of head-
lamp units which are disposed at left front and right front
portions of a vehicle. Since the pair of headlamp units is
substantially identical in configuration, Fig. 1 shows as
the vehicle lamp 1 the construction of a headlamp unit
which is disposed at either of the left front and right front
portions of the vehicle.
[0018] As shown in Fig. 1, the vehicle lamp 1 includes
a lamp body 2 having an opening portion in a front side
of a vehicle and a transparent cover 4 mounted so as to
cover the opening portion of the lamp body 2. The trans-
parent cover 4 is formed of a resin having a light trans-
missivity. A lamp unit 10 is accommodated within a lamp
chamber 3 which is defined by the lamp body 2 and the
transparent cover 4.
[0019] The lamp unit 10 is a so-called reflector-type
lamp unit and includes a bracket portion 12, a light source
mounting portion 14, a light source module 16 (a light
source), a reflector 18, a shade portion 20 and a projec-
tion lens 100.
[0020] The bracket portion 12 is a substantially plate-
shaped member which is made of a metallic material such
as aluminum, for example and is disposed so that main
surfaces are directed in a front-to-rear direction of the
vehicle lamp 1. The light source mounting portion 14 is
fixed to a front main surface of the bracket portion 12
which lies at a front side of the vehicle lamp 1. A head
dissipating fin 22 is fixed to a rear main surface of the
bracket portion 12 which lies at a rear side of the vehicle
lamp 1. The bracket portion 12 has screw holes in pre-
determined positions on a peripheral portion thereof, so
that aiming screws 24, which penetrate the lamp body 2
to project to the front, are screwed in the screw holes.
By doing so, the bracket portion12 is mounted on the
lamp body 2. In the vehicle lamp 1, an optical axis O of
the lamp unit 10 can be adjusted horizontally or vertically
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by the aiming screws 24. It should be noted that the shape
of the bracket portion 12 is not limited to the shape de-
scribed above.
[0021] The light source mounting portion 14 is formed
of a metallic material such as aluminum, for example and
projects to the front side of the vehicle lamp 1 from the
front main surface of the bracket portion 12. The light
source mounting portion 14 has a light source module
mounting surface 14a which is oriented vertically up-
wards relative to the optical axis O of the lamp unit 10.
The light source module 16 is mounted on the light source
module mounting surface 14a. Additionally, an insertion
hole 14b is provided in a predetermined position on the
light source mounting portion 14, so that a fastening
member 26, which will be described later, is inserted
therethrough.
[0022] The light source module 16 is disposed so that
a light exit surface thereof is oriented substantially verti-
cally upwards relative to the optical axis O. The light
source module 16 is, for example, a light emitting diode
(LED) and has a light emitting element 16a and a sub-
strate 16b which supports the light emitting element 16a
thereon. A wiring is provided in the substrate 16b so as
to supply electric power to the light emitting element 16a
mounted thereon. It should be noted that an incandes-
cence lamp, a halogen lamp or a discharge lamp may be
used as a light source used in the lamp unit 10. Heat
generated from the light source module 16 is transmitted
to the heat dissipating fin 22 by way of the light source
mounting portion 14 and the bracket portion 12.
[0023] The reflector 18 has a substantially dome-like
shape and is fixed to the light source mounting portion
14 while being disposed above the light source module
16. The reflector 18 has a reflection surface 18a which
is made up of part of an ellipsoid of revolution on an inner
side thereof. This reflection surface 18a has a first focal
point and a second focal point which is positioned further
forwards towards the front side of the vehicle lamp 1 than
the first focal point. A positional relationship of the reflec-
tor 18 with the light source module 16 is determined so
that a light emitting portion of the light source module 16
substantially coincides with the first focal point of the re-
flection surface 18a.
[0024] The shape portion 20 is provided on a front side
of the light source mounting portion 14 which lies at the
front side of the vehicle lamp 1. The shade portion 20 is
fixed to the light source mounting portion 14 by the fas-
tening member 26, which is, for example, a screw which
projects towards the front side of the vehicle lamp 1 from
the insertion hole 14b in the light source mounting portion
14. The shade portion 20 has a flat portion 20a which is
disposed substantially horizontally and a curved portion
20b that is disposed further forwards towards the front
side of the vehicle lamp 1 and which is curved downwards
so as not to interrupt the entrance of light from the light
source to the projection lens 100. A positional relation-
ship of the reflector 18 with the shade portion 20 is de-
termined so that a ridge 20c which is formed by the flat

portion 20a and the curved portion 20b of the shade por-
tion 20 is positioned near the second focal point of the
reflection surface 18a.
[0025] The shade portion 20 also functions as a lens
holder, and the projection lens 100 is fixed to a distal end
of the curved portion 20b. The projection lens 100 is a
light transmissive member whose front surface is a con-
vex surface and which projects light from the light source
module 16 that is mounted on the light source mounting
portion 14 to the front of the vehicle lamp 1. The projection
lens 100 projects a light source image which is formed
on a rear focal plane which includes a rear focal point
thereof onto an imaginary vertical screen ahead of the
vehicle lamp 1 as a reverted image. The projection lens
100 is disposed on the optical axis O of the lamp unit 10
in such a position that the rear focal point substantially
coincides with the second focal point of the reflection
surface 18a of the reflector 18. The shape of the projec-
tion lens 100 will be described in detail later.
[0026] Light emitted from the light emitting element 16a
of the light source module 16 is reflected on the reflection
surface 18a of the reflector 18, passes near the second
focal point of the reflection surface 18a or the ridge 20c
and enters the projection lens 100. The light that has
entered the projection lens 100 is irradiated from the pro-
jection lens to the front of the vehicle lamp 1 as substan-
tially parallel light. Additionally, part of the light from the
light source is reflected on the flat portion 20a of the shape
portion 20, whereby the light from the light source is cut
selectively from the ridge 20c as a boundary. By doing
so, a light distribution pattern having a cutoff line which
corresponds to the shape of the ridge 20c is projected to
the front of the vehicle.
[0027] Next, the shape of the projection lens 100 will
be described in detail. Fig. 2A is a perspective view of
the projection lens provided in the lamp unit according
to the first embodiment as seen from the front of the ve-
hicle lamp 1. Fig. 2B is a front view of the projection lens.
Fig. 3A is a perspective view of the projection lens from
the rear of the vehicle lamp 1. Fig. 3B is a rear view of
the projection lens. Fig. 4A is a front view of the projection
lens which describes the shape of the front surface of
the projection lens. Fig. 4B is a side view of the projection
lens which describes the shape of the front surface of
the projection lens. Fig. 5 is a vertical sectional view of
the projection lens. Additionally, in Figs. 2A to 4B, an X
axis is an axis which is parallel to the optical axis O, a Y
axis is an axis that is vertical to the optical axis O and
which extends in a left-to-right direction of the vehicle
lamp 1, and a Z axis is an axis that is vertical to the optical
axis O and which extends in a vertical direction of the
vehicle lamp 1. In addition, in Figs. 4A and 4B, lines are
shown which represent outlines bounding the shape of
the front surface 102 of the projection lens 100 in posi-
tions from an end portion lying at the front side of the
vehicle lamp 1 (a front end portion) to an end portion lying
at the rear side of the vehicle lamp 1 (a rear end portion)
(hereinafter, these lines will be referred to as shape
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bounding outlines L as required). Additionally, Fig. 5 cor-
responds to a sectional view taken along a plane con-
taining the optical axis O and the Z axis.
[0028] The projection lens 100 has the front surface
102, a side surface 104 and a rear surface 106. The pro-
jection lens 100 is configured so that light enters from
the rear surface 106 and exits from the front surface 102.
The side surface 104 is a surface which connects the
front surface 102 and the rear surface 106 together.
[0029] When viewing the lamp unit 10 from the front,
the front surface 102 of the projection lens 100 exhibits
a substantially round shape which is centered at the op-
tical axis O of the lamp unit 10 in a predetermined position
102a which lies closer to the front end portion. Addition-
ally, when viewing the lamp unit 10 from the front, the
front surface 102 exhibits a substantially non-round
shape at the rear end portion 102b. Then, the front sur-
face 102 changes in shape gradually from the substan-
tially round shape to the substantially non-round shape
as it extends from the predetermined position 102a to
the rear end portion 102b in a region defined between
the predetermined position 102a and the rear end portion
102b (hereinafter, this region is referred to as a rear re-
gion 102c as required). In this embodiment, the front sur-
face 102 exhibits a hexagonal shape with rounded angles
or corners at the rear end portion 102b as an example
of a substantially non-round shape. Consequently, the
outline of the front surface 102 changes in shape grad-
ually from the substantially round shape towards the hex-
agonal shape with the rounded corners over the rear re-
gion 102c.
[0030] The shape bounding outlines L shown in Figs.
4A and 4B correspond to lines which are formed by draw-
ing imaginary straight lines in a radial fashion along the
shape of the front surface 102 from the optical axis O
towards the rear end portion 102b and connecting to-
gether points on the individual imaginary straight lines
which lies equidistant in the front-to-rear direction of the
vehicle lamp 1 from the front end portion of the projection
lens 100. In the projection lens 100 according to this em-
bodiment, the rear end portion 102b is positioned on a
plane which intersects the optical axis O at right angles
along a full circumference thereof. Namely, the outline
bounding the shape of the rear end portion 102b is rep-
resented by a two-dimensional straight line or curve on
a Y-Z plane. Consequently, the shape bounding outlines
L shown in Figs. 4A and 4B are equal to outlines bounding
shapes of cross sections of the projection lens 100 taken
along planes which are at right angles to the optical axis
O.
[0031] Consequently, in the projection lens 100 of this
embodiment, the shape of the cross sectional of the pro-
jection lens 100 which is at right angles to the optical axis
O is the substantially round shape in the predetermined
position 102a which is closer to the front end portion and
the substantially non-round shape at the rear end portion,
changing gradually from the substantially round shape
towards the substantially non-round shape as the cross

section of the projection lens 100 changes its position
from the predetermined position 102a to the rear end
portion 102b. In addition, in other words, in the front sur-
face 102 of the projection lens 100 according to this em-
bodiment, the shape of the outline bounding the cross
section which is parallel to the plane which contains the
full circumference of the rear end portion 102b is the sub-
stantially round shape in the predetermined position 102a
and the substantially non-round shape at the rear end
portion and changes gradually from the substantially
round shape to the substantially non-round shape at it
changes its position from the predetermined position
102a to the rear end portion 102b.
[0032] In this embodiment, the rear end portion 102b
has the hexagonal shape, and therefore, the front surface
102 of the projection lens 100 has ridges 102d extending
over the region defined from the rear end portion 102b
to the predetermined position 102a, that is, the rear re-
gion 102c. On the other hand, the front surface 102 has
no ridge over a region defined from the predetermined
position 102a to the front end portion (hereinafter, re-
ferred to as a front region 102e as required). The shape
of the outline bounding the cross section of the front sur-
face 102 from the predetermined position 102a to the
front end portion maintains the substantially round shape
that is formed in the predetermined position 102a or
changes to a shape which is rounder than the substan-
tially round shape. For example, the shape of the outline
bounding the cross section of the front surface 102 in the
front region 102e changes gradually from the substan-
tially round shape to the round shape as the cross section
changes its position from the predetermined position
102a towards the front end portion.
[0033] Here, the "substantially round shape" means a
shape of which the roundness is maintained to such an
extent that, when a predetermined region 106a of the
rear surface 106, which will be described later, is made
into a flat surface or a convex surface (that is, when the
predetermined region 106a has the same configuration
as that of a related-art planoconvex or biconvex lens),
light which exits from the front region 102e of the front
surface 102 can form a rear focal point and extent that
the shape of a light distribution pattern which is formed
by light that passes through the rear focal point to enter
the projection lens 100 and which exits from the front
region 102e can satisfy a required accuracy. The "sub-
stantially round shape" includes a round shape. Addition-
ally, the "substantially round shape" means a circle or
round shape of which the roundness is 5% or less than
a radius thereof. The "roundness" means the magnitude
of a deviation from a circle whose circular shape is geo-
metrically proper and is expressed by a difference in ra-
dius between two concentric geometrical circles which
is generated in the event that a space between the two
concentric geometrical circles becomes the least when
a circular shape is held by the two concentric circles ther-
ebetween.
[0034] Additionally, the "substantially non-round
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shape" is shapes excluding the substantially round
shape, and in this embodiment, the substantially non-
round shape is the hexagonal shape with the rounded
corners. However, the substantially non-round shape
may be other polygonal shapes than the hexagonal
shape or other shapes than the polygonal shapes such
as elliptic shapes which deviate from the substantially
round shape. In addition, the predetermined position
102a can be set as required based on experiments or
simulations made by the designer. In setting the prede-
termined position 102a, for example, the accuracy of a
shape or illuminance required for a light distribution pat-
tern to be formed is taken into consideration. The prede-
termined position 102a is set, for example, within a range
of 1/2, 1/3 or 1/5 of a side of the front surface 102 which
lies at the front side of the vehicle lamp 1. Additionally,
for example, the predetermined position 102a is a posi-
tion where a plane that passes through a point on the
optical axis O which is positioned within the range and
that is parallel to the plane which contains the full circum-
ference of the rear end portion 102b intersects the front
surface 102.
[0035] The rear end portion 102b of the front surface
102 can take, for example, a hyperelliptic shape, a shape
represented by a Lame curve or a shape represented by
the following equation (1).
[Equation 1] 

 (in the equation (1), m denotes an integer equal to or
larger than 3, r≥0.5, a>0, and b>0)
[0036] In the equation (1), m denotes a number of cor-
ners of a figure formed. When m=4, the equation (1) is
expressed by the following equation (2). In the equation
(2), when a=b, the rear end portion 102b takes a shape
called a so-called Squircle.
[Equation 2] 

[0037] In the equations (1) and (2), it is possible to
change a locus of a line connecting apexes which lie
adjacent to each other by changing r. When r=2, the locus
draws a round shape. Then, for example, the shape of
the outline bounding the cross section of the front surface

102 in the predetermined position 102a can take a shape
which is defined by making r=2, and the shape of the
outline bounding the cross section of the front surface
102 in the rear region 102c can take a shape which is
defined by changing r gradually as the outline changes
its position from the predetermined position 102a towards
the rear end portion 102b. In this embodiment, the shape
of the outline bounding the cross section of the front sur-
face 102 in the predetermined position 102a, that is, the
shape of the outline bounding the cross section of the
front surface 102 in a position which intersects the optical
axis O at right angles takes a shape which is defined by
making r=2 in the equation (1). In addition, the shape of
the rear end portion 102b takes a shape which is defined
by making m=6 and r=1.5 in the equation (1). Then, the
shape of the outline bounding the cross section of the
front surface 102 in the rear region 102c takes a shape
which is defined by gradually reducing r from 2.0 to 1.5
as the outline changes its position from the predeter-
mined position 102a towards the rear end portion 102b.
[0038] As shown in Figs. 3A, 3B and 5, in the rear sur-
face 106 of the projection lens 100, a predetermined re-
gion 106a (a region inside a broken line shown in Figs.
3A and 3B) which contains a point of intersection P which
intersects the optical axis O takes a substantially rota-
tionally symmetric shape which is centered at the point
of intersection P, and an outside region 106b of the pre-
determined region 106a (an outside region lying outside
the broken line shown in Figs. 3A and 3B) takes a shape
defined by a free curved surface. Then, the projection
lens 100 is designed so that light that passes through the
rear focal point F to enter the predetermined region 106a
of the rear surface 106 exits from the front region 102e
of the front surface 102, while light that passes through
the rear focal point F to enter the outside region 106b of
the rear surface 106 exits emitted from the rear region
102c of the front surface 102.
[0039] Namely, the rear surface 106 of the projection
lens 100 is designed so that when light substantially par-
allel to the optical axis O enters the front region 102e of
the front surface 102, the light exits from the predeter-
mined region 106a to converge to the rear focal point F
and so that when light substantially parallel to the optical
axis O enters the front surface 102 from the rear region
102c, the light exits from the outside region 106b to con-
verge to the rear focal point F. The substantially rotation-
ally symmetric shape of the predetermined region 106a
which is centered at the point of intersection P means a
shape of which the rotational symmetry is maintained to
such an extent that the shape of a light distribution pattern
that is formed by light that passes through the rear focal
point F to enter the rear surface 106 from the predeter-
mined region 106a and which exits from the front region
102e of the front surface 102 satisfies a required accu-
racy. The substantially rotationally symmetric shape in-
cludes a rotationally symmetric shape. The substantially
rotationally symmetric shape is, for example, a plane
which is normal to the optical axis O or a convex surface

9 10 



EP 2 657 593 B1

7

5

10

15

20

25

30

35

40

45

50

55

which is curved so as to project towards the rear focal
point F.
[0040] The free curved surface of the outside region
106b of the rear surface 106 is designed as follows. First-
ly, a direction in which light enters individual points in the
projection lens to cause the light to exit from individual
points on the rear region 102c at a target exit angle is
calculated by using the Snell’s Law. Then, an origin in
generating a free curved surface is set in a predetermined
position which lies further rearwards towards the rear of
the vehicle lamp 1 than the individual points on a straight
line which extends in the light entering direction. Then,
a surface element which makes up part of a free curved
surface is allocated to the origin. As this occurs, an angle
formed by the straight line which extends in the light en-
tering direction and a straight line which connects the
rear focal point F and the origin is calculated. Then, an
inclined angle of the surface element is calculated so as
to obtain a refraction force amounting to the calculated
angle by using the Snell’s Law. By forming continuously
adjacent surface elements in this way the free curved
surface of the outside region 106b is generated.
[0041] Thus, as has been described heretofore, in the
lamp unit 10 according to the embodiment, when looking
at the lamp unit 10 from the front, the front surface 102
of the projection lens 100 takes the substantially round
shape which is centered at the optical axis O in the pre-
determined position 102a which is closer to the front end
portion and takes the substantially non-round shape at
the rear end portion 102b. Additionally, the surface shape
of the rear region 102c changes gradually from the sub-
stantially round shape to the substantially non-round
shape as the rear region 102c changes its position from
the predetermined position 102a towards the rear end
portion 102b. Namely, although the projection lens 100
has the shape which differs from the related-art plano-
convex or biconvex projection lens in the region lying
close to the rear, the projection lens 100 takes the sub-
stantially round shape in the predetermined position 102a
which lies closer to the front end portion. Therefore, the
reduction in accuracy with which the light distribution of
the lamp unit 10 is controlled can be suppressed which
would otherwise be the case due to the projection lens
100 being formed into the anomalous lens. In addition,
the rear end portion 102b of the front surface 102 takes
the substantially non-round shape, and therefore, it is
possible to increase the degree of freedom in layout of
the lamp and vehicle design.
[0042] In addition, when looking at the lamp unit 10
from the front, the front surface 102 of the projection lens
100 takes the polygonal shape at the rear end portion
102b. The front surface 102 has the ridges 102d in the
rear region 102c but has no ridge 102d in the front region
102e. Because of this, the exit direction of light which
exits from the central region of the projection lens 100
can be controlled with high accuracy, and therefore, the
accuracy with which the light distribution of the lamp unit
10 is controlled can be increased. In addition, it is possible

to realize the novel design in which the intense polygonal
lines (ridges) are generated towards the peripheral por-
tion of the projection lens 100 when looking at the lamp
unit 10 from the front.
[0043] Additionally, in the rear surface 106 of the pro-
jection lens 100, the predetermined region 106a which
includes the point of intersection P which intersects the
optical axis O takes the substantially rotationally sym-
metric shape which is centered at the point of intersection
P or the optical axis O, and the outside region 106b takes
the shape defined by the free curved surface. Then, the
projection lens 100 is designed so that light that passes
through the rear focal point F to enter the predetermined
region 106a exits from the front region 102e of the front
surface 102 and so that light that passes through the rear
focal point F to enter the outside region 106b exits from
the rear region 102c of the front surface 102. By this
design, the rear region 102c of the front surface 102
which has the shape which differs from that of the related-
art projection lens can also be used to form the light dis-
tribution pattern. Additionally, a desired light distribution
pattern can be formed with good accuracy by using the
light that exists from the rear region 102c.

(Second embodiment)

[0044] A lamp unit according to the second embodi-
ment includes a configuration which is similar to that of
the lamp unit according to the first embodiment excluding
that a projection lens has a different shape. Hereinafter,
the lamp unit of this embodiment will be described based
mainly on the different feature. It should be noted that
like reference numerals will be given to like configurations
to those of the first embodiment, and the description and
illustration thereof will be omitted here.
[0045] Fig. 6A is a perspective view of a projection lens
provided in the lamp unit according to the second em-
bodiment as seen from the front of a vehicle lamp 1. Fig.
6B is a front view of the projection lens. Fig. 7A is a per-
spective of the projection lens as seen from the rear of
the vehicle lamp 1. Fig. 7B is a rear view of the projection
lens. Fig. 8A is a front view of the projection lens which
describes the shape of a front surface of the projection
lens. Fig. 8B is a side view of the projection lens which
describes the shape of the front surface of the projection
lens. Fig. 9 is a vertical sectional view of the projection
lens.
[0046] A projection lens 100 has a front surface 102,
a side surface 104 and a rear surface 106. When looking
at a lamp unit 10 from the front thereof, the front surface
102 exhibits a substantially round shape which is cen-
tered at an optical axis O of the lamp unit 10 in a prede-
termined position 102a which lies closer to a front end
portion. Additionally, when looking at the lamp unit 10
from the front, the front surface 102 exhibits a substan-
tially non-round shape at a rear end portion 102b. In ad-
dition, the front surface 102 changes gradually its shape
from the substantially round shape to the substantially
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non-round shape in a rear region 102c as the front sur-
face 102 extends from the predetermined position 102a
to the rear end portion 102b. In this embodiment, the front
surface 102 exhibits a hexagonal shape with rounded
angles or corners at the front end portion 102b. Because
of this, the front surface 102 has ridges 102d in the rear
region 102c. On the other hand, the front surface 102
has no ridge 102d in a front region 102e.
[0047] In the projection lens 100 of this embodiment,
a plane containing a full circumference of the rear end
portion 102b has a shape which is inclined obliquely rel-
ative to the optical axis O. In addition, the shape of the
front surface 102 is set as follows. Namely, in a similar
way to that of the first embodiment, the shape of an im-
aginary end portion is determined based on the equation
(1). This imaginary end portion is contained in a plane
which intersects the optical axis O at right angles along
a full circumference thereof. Then, by changing gradually
r in the equation (1) as the front surface 102 extends from
the initial position 102a towards the rear end portion
102b, the shape of imaginary shape bounding outlines
is changed gradually from the substantially round shape
in the predetermined position 102a towards the substan-
tially non-round shape at the rear end portion 102b. Then,
the imaginary end portion is inclined on the optical axis
O to constitute the rear end portion 102b, and the imag-
inary shape bounding outlines are inclined on the optical
axis O so as to be parallel to the rear end portion 102b
to thereby constitute shape bounding outlines L (refer to
Figs. 8A and 8B). Thus, the shape of a surface of the
rear region 102c is determined.
[0048] Consequently, in the front surface 102 of the
projection lens 100 according to this embodiment, the
shape of the outline bounding the cross section parallel
to the plane which contains the full circumference of the
rear end portion 102b is the substantially round shape in
the predetermined position 102a and the substantially
non-round shape at the rear end portion 102b and chang-
es gradually from the substantially round shape to the
substantially non-round shape over the region from the
predetermined position 102a to the rear end portion
102b. It should be noted that the inclination of the rear
end portion 102b is set so that the substantially round
shape of the front surface 102 in the predetermined po-
sition 102a which results when looking at the lamp unit
10 from the front is maintained.
[0049] In the projection lens 100 of this embodiment,
the rear end portion 102b is positioned on the plane which
is inclined relative to the optical axis O. Namely, the
shape of the outline of the rear end portion 102b is rep-
resented by a three-dimensional straight line or curve. It
should be noted that the shape of the rear end portion
102b may be a three-dimensional shape in which the full
circumference of the rear end portion 102b is not posi-
tioned on the same plane.
[0050] As shown in Figs. 7A, 7B and 8, in the rear sur-
face 106 of the projection lens 100, a predetermined re-
gion 106a which contains a point of intersection P which

intersects the optical axis O is a substantially rotationally
symmetric shape which is centered at the point of inter-
section P, and an outside region 106b of the predeter-
mined region 106a is a shape defined by a free curved
surface. Then, the projection lens 100 is designed so that
light passes through a rear focal point F to enter the pre-
determined region 106a exits from a front region 102e of
the front surface 102 and so that light that passes through
the rear focal point F to enter the outside region 106b
exits from the rear region 102c of the front surface 102.
[0051] Thus, the advantage similar to that of the first
embodiment can also be obtained by the lamp unit 10
according to the second embodiment.

(Third embodiment)

[0052] A lamp unit according to the third embodiment
includes a configuration which is similar to that of the
lamp unit according to the first embodiment excluding
that a projection lens has a different shape. Hereinafter,
the lamp unit of this embodiment will be described based
mainly on the different feature. It should be noted that
like reference numerals will be given to like configurations
to those of the first embodiment, and the description and
illustration thereof will be omitted here.
[0053] Fig. 10A is a perspective view of a projection
lens provided in the lamp unit according to the third em-
bodiment as seen from the front of a vehicle lamp 1. Fig.
10B is a front view of the projection lens. Fig. 11A is a
perspective of the projection lens as seen from the rear
of the vehicle lamp 1. Fig. 11B is a rear view of the pro-
jection lens. Fig. 12A is a front view of the projection lens
which describes the shape of a front surface of the pro-
jection lens. Fig. 12B is a side view of the projection lens
which describes the shape of the front surface of the pro-
jection lens. Fig. 13 is a vertical sectional view of the
projection lens.
[0054] A projection lens 100 has a front surface 102,
a side surface 104 and a rear surface 106. When looking
at a lamp unit 10 from the front thereof, the front surface
102 exhibits a substantially round shape which is cen-
tered at an optical axis O of the lamp unit 10 in a prede-
termined position 102a which lies closer to a front end
portion. Additionally, when looking at the lamp unit 10
from the front, the front surface 102 exhibits a substan-
tially non-round shape at a rear end portion 102b. In ad-
dition, the front surface 102 changes gradually its shape
from the substantially round shape to the substantially
non-round shape in a rear region 102c as the front sur-
face 102 extends from the predetermined position 102a
to the rear end portion 102b. In this embodiment, the rear
end portion 102b has a substantially trapezoidal shape
with each side curved outwards. Because of this, the front
surface 102 has ridges 102d in the rear region 102c. On
the other hand, the front surface 102 has no ridge 102d
in a front region 102e.
[0055] In the projection lens 100 of this embodiment,
the rear end portion 102b of the front surface 102 is
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formed by a combination of a plurality of lines of different
types which are defined by the equation (1). In this em-
bodiment, firstly, as shown in Fig. 12A, a change point
M1 and a change point M2 are set in predetermined po-
sitions on the rear end portion 102b. The change point
M1 corresponds to a point of intersection between a ref-
erence line L1 which is inclined 30 degrees in a clockwise
direction relative to a Y axis and the rear end portion
102b. The change point M2 corresponds to a point of
intersection between a reference line L2 which is inclined
120 degrees in the clockwise direction relative to the ref-
erence line L1 and the rear end portion 102b. A portion
(a portion extending along a lower side of the projection
lens 100 from the change point M1 to the change point
M2) of the rear end portion 102b which is included in a
region R1 that includes the lower side of the projection
lens 100 and which is defined from the reference line L1
to the reference line L2 constitutes part of a line which is
defined by making m=6 and r=1.8 in the equation (1). In
addition, a portion (extending along an upper side of the
projection lens 100 from the reference line L1 to the ref-
erence line L2) of the rear end portion 102b which is
included in a region R2 that includes the upper side of
the projection lens 100 and which is defined from the
reference line L1 to the reference line L2 constitutes part
of a line which is defined by making m=3 and r=1.0 in the
equation (1).
[0056] As to the shape of a surface of the rear region
102c, a surface of the region R1 takes a shape which is
defined by increasing r in the equation (1) from 1.8 to 2.0
as the surface approaches the predetermined position
102a. In addition, a surface of the region R2 takes a shape
which is defined by increasing r in the equation (1) from
1.0 to 2.0 as the surface approaches the predetermined
position 102a. Lines positioned on planes which intersect
the optical axis O at right angles in the region R1 and
lines positioned on the planes which intersect the optical
axis O at right angles in the region R2 can be connected
smoothly at the change point M1 and the change point
M2. It should be noted that the types and numbers of
lines that are combined together and the ranges over
which the lines extend can be set as required.
[0057] As shown in Figs. 11A, 11B and 13, in the rear
surface 106 of the projection lens 100, a predetermined
region 106a which contains a point of intersection P which
intersects the optical axis O is a substantially rotationally
symmetric shape which is centered at the point of inter-
section P, and an outside region 106b of the predeter-
mined region 106a is a shape defined by a free curved
surface. Then, the projection lens 100 is designed so that
light passes through a rear focal point F to enter the pre-
determined region 106a exits from a front region 102e of
the front surface 102 and so that light that passes through
the rear focal point F to enter the outside region 106b
exits from the rear region 102c of the front surface 102.
[0058] Thus, the advantage similar to that of the first
embodiment can also be obtained by the lamp unit 10
according to the third embodiment.

(Fourth embodiment)

[0059] A lamp unit according to the fourth embodiment
includes a configuration which is similar to that of the
lamp unit according to the first embodiment excluding
that a projection lens has a different shape. Hereinafter,
the lamp unit of this embodiment will be described based
mainly on the different feature. It should be noted that
like reference numerals will be given to like configurations
to those of the first embodiment, and the description and
illustration thereof will be omitted here.
[0060] Fig. 14A is a perspective view of a projection
lens provided in the lamp unit according to the fourth
embodiment as seen from the front of a vehicle lamp 1.
Fig. 14B is a front view of the projection lens. Fig. 15A is
a perspective of the projection lens as seen from the rear
of the vehicle lamp 1. Fig. 15B is a rear view of the pro-
jection lens. Fig. 16A is a front view of the projection lens
which describes the shape of a front surface of the pro-
jection lens. Fig. 16B is a side view of the projection lens
which describes the shape of the front surface of the pro-
jection lens. Fig. 17 is a vertical sectional view of the
projection lens.
[0061] A projection lens 100 has a front surface 102,
a side surface 104 and a rear surface 106. When looking
at a lamp unit 10 from the front thereof, the front surface
102 exhibits a substantially round shape which is cen-
tered at an optical axis O of the lamp unit 10 in a prede-
termined position 102a which lies closer to a front end
portion. Additionally, when looking at the lamp unit 10
from the front, the front surface 102 exhibits a substan-
tially non-round shape at a rear end portion 102b. In ad-
dition, the front surface 102 changes gradually its shape
from the substantially round shape to the substantially
non-round shape in a rear region 102c as the front sur-
face 102 extends from the predetermined position 102a
to the rear end portion 102b.
[0062] In the projection lens 100 of this embodiment,
reference points are set which constitute apexes, and
curves are set which connect the reference points,
whereby a rear end portion 102b is formed. Each curve
connecting the reference points is, for example, a spline
curve and is set to connect to the adjacent curve in a
smooth fashion. In this embodiment, three reference
points Q1, Q2, Q3 are set. It should be noted that the
shape of the rear end portion 102b may be determined
based on the equation (1). Additionally, the overall shape
of the front surface 102 is formed by combining a base
shape A and a base shape B. The base shape A is a
round shape which is centered at the optical axis O, and
the base shape B is the shape of the rear end portion
102b. Hereinafter, a method for setting the shape of the
front surface 102 will be described in detail.
[0063] Figs. 18A to 18C are diagrams which describe
a method for setting the shape of the front surface. Fig.
19 is a graph showing a relation between a ratio of mixing
the base shapes which determines the front surface of
the projection lens and the position of the projection lens

15 16 



EP 2 657 593 B1

10

5

10

15

20

25

30

35

40

45

50

55

in a front-to-rear direction of the vehicle lamp 1. Fig. 18A
shows the base shape A, Fig. 18B shows the base shape
B, and Fig. 18C shows the shape of the front surface 102
which is obtained as a result of the base shape A and
the base shape B being mixed together. In addition, in
Fig. 19, an axis of ordinates denotes a mixing ratio of the
base shapes (the magnitude of a mixing factor), and an
axis of abscissas denotes a distance from the rear end
portion 102b to a front end portion of the front surface
102 in the front-to-rear direction of the vehicle lamp 1. In
the axis of abscissas, 0 denotes the position of the rear
end portion 102b, and 1 denotes the position of the front
end portion. In addition, a solid line denotes the base
shape A, and a broken line denotes the base shape B.
[0064] As shown in Fig. 19, the mixing ratio of the base
shape B (refer to Fig. 18B) is 100% (an axis of ordinates
1) at the rear end portion 102b (an axis of abscissas 0)
of the front surface 102. In addition, the base shape B is
dominant in a region of the front surface 102 which lies
at the rear of the vehicle lamp 1. Then, the mixing ratio
of the base shape A (refer to Fig. 18A) is increased grad-
ually towards a region of the front surface 102 which lies
at the front of the vehicle lamp 1, while the mixing ratio
of the base shape B is decreased. The mixing ratio of
the base shape A is 100% at the front portion (an axis of
abscissas 1) of the front surface 102.
[0065] More specifically, the mixing ratio of the base
shape A starts to increase (the mixing ratio of the base
shape B starts to decrease) from a position (the position
of 0.4 on the axis of abscissas) on the front surface 102
which lies further rearwards towards the rear of the ve-
hicle lamp 1 than a middle position and increases in an
exponentially functional fashion (decreases in an expo-
nentially functional fashion) towards the front end portion.
Then, the mixing ratio of the base shape A to the base
shape B becomes 1:1 in a position located 90% of the
front surface 102 forwards towards the front of the vehicle
lamp 1 from the rear end portion, and the mixing ratio of
the base shape A becomes 100% and the mixing ratio
of the base shape B becomes 0% at the front end portion.
A position denoted by K in Fig. 19 corresponds to the
predetermined position 102a. In this way, the shape of
the front surface 102 (refer to Fig. 18C) is designed so
as to change gradually from the substantially round
shape to the substantially non-round shape in the rear
region 102c as the front surface 102 changes its position
from the predetermined position 102a to the rear end
portion 102b. It should be noted that the type of the base
shape B and the transition of mixing ratio thereof can be
set as required.
[0066] As shown in Figs. 15A, 15B and 17, in the rear
surface 106 of the projection lens 100, a predetermined
region 106a which contains a point of intersection P which
intersects the optical axis O is a substantially rotationally
symmetric shape which is centered at the point of inter-
section P, and an outside region 106b of the predeter-
mined region 106a is a shape defined by a free curved
surface. Then, the projection lens 100 is designed so that

light passes through a rear focal point F to enter the pre-
determined region 106a exits from a front region 102e of
the front surface 102 and so that light that passes through
the rear focal point F to enter the outside region 106b
exits from the rear region 102c of the front surface 102.
[0067] Thus, the advantage similar to that of the first
embodiment can also be obtained by the lamp unit 10
according to the fourth embodiment.
[0068] The invention is not limited to the embodiments,
and hence, the embodiments can be combined or mod-
ifications such as various design changes can be made
to the embodiments based on the knowledge of those
skilled in the art. Embodiments based on these combi-
nations or modifications are also included in the scope
of the invention. New embodiments produced by the
combinations of the embodiments that have been de-
scribed heretofore or combinations of the embodiments
described above with the following modified example
come to have the respective advantages of the embod-
iments and the modified example to be combined.

(Modified Example)

[0069] A lamp unit according to a modified example
includes a configuration similar to those of the lamp units
according to Embodiments 1 to 4 excluding that the lamp
unit is a so-called direct projection lamp unit. Hereinafter,
the lamp unit according to this modified example will be
described based mainly on the different feature from Em-
bodiments 1 to 4. It should be noted that like reference
numerals will be given to like configurations to those of
Embodiments 1 to 4 and the description and illustration
thereof will be omitted here.
[0070] Fig. 20 is a vertical sectional view which shows
exemplarily a schematic construction of a vehicle lamp
in which the lamp unit according to the modified example
is mounted. As shown in Fig. 20, a vehicle lamp 1 includes
a lamp body 2 and a transparent cover 4. A lamp unit 10
is accommodated in a lamp chamber 3 which is defined
by the lamp body 2 and the transparent cover 4.
[0071] The lamp unit 10 of the modified example is a
so-called direct projection lamp unit and includes a brack-
et portion 12, a light source module 16, a lens holder 30
and a projection lens 100. The bracket portion 12 is a
substantially plate-shaped member and is disposed so
that main surfaces are directed in a front-to-rear direction
of the vehicle lamp 1. In this modified example, the brack-
et portion 12 also functions as a light source mounting
portion, and the light source module 16 is mounted on a
main surface which is oriented towards a front side of the
vehicle lamp 1. A heat dissipating fin 22 is fixed to a main
surface of the bracket portion 12 which is oriented to-
wards a rear side of the vehicle lamp 1. The bracket por-
tion 12 has screw holes in predetermined positions of a
peripheral edge portion thereof, and aiming screws 24
which penetrate the lamp body 2 to project to the front
are screwed in the screw holes. By doing so, the bracket
portion 12 is mounted on the lamp body 2. It should be
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noted that the shape of the bracket portion 12 is not par-
ticularly limited thereto.
[0072] The light source module 16 is disposed so that
a light exit surface is oriented to the front of the lamp unit
1. The light source module 16 has a light emitting element
16a and a substrate 16b which supports the light emitting
element 16a. Heat generated from the light source mod-
ule 16 is transmitted to the heat dissipating element 22
via the bracket portion 12.
[0073] The lens holder 30 is fixed to the main surface
of the bracket portion 12 which lies at the front side of
the vehicle lamp 1. The lens holder 30 projects towards
the front of the vehicle lamp 1, and the projection lens
100 is fixed to a distal end of the lens holder 30. The
projection lens 100 is disposed on the optical axis O of
the lamp unit 10 so that a rear focal point thereof coincides
substantially with the light emitting element 16a. The pro-
jection lenses having the shapes according to Embodi-
ments 1 to 4 can be adopted as the projection lens 100.
Light emitted from the light emitting element 16a of the
light source module 16 enters the projection lens 100 and
exits from the projection lens 100 as substantially parallel
light.
[0074] The projection lenses 100 according to the em-
bodiments can be understood as defined by the append-
ed claims.

Claims

1. A lamp unit (10) configured to be mounted in a ve-
hicle, comprising:

a light source (16);
a light source mounting portion (14) on which
the light source (16) is mounted; and
a projection lens (100) having a front surface
(102) with a convex shape and configured to
project light from the light source (16) to the front
of the lamp unit (10), wherein
an outline (L) of the front surface (102) of the
projection lens (100) which bounds a cross sec-
tion which is parallel to a plane which contains
a full circumference of a rear end portion (102b)
of the front surface (102), takes a substantially
circular shape in a position (102a) which lies
close to a front end portion of the front surface
(102) and a substantially non-circular shape at
the rear end portion (102b) of the front surface
(102),
the outline changing gradually its shape from
the substantially circular shape to the substan-
tially non-circular shape as it changes its posi-
tion from the position (102a) towards the rear
end portion (102b),
characterized in that the substantially non-cir-
cular shape is a polygonal shape, and in that
the front surface (102) of the projection lens

(100) has ridges in the region defined from the
rear end portion (102b) of the front surface (102)
to the position (102a) which lies close to the front
end portion of the front surface (102) and has
no ridge in the region defined from the position
(102a) which lies close to the front end portion
of the front surface (102) to the front end portion
of the front surface (102).

2. The lamp unit (10) according to Claim 1, wherein a
full circumference of the rear end portion (102b) is
contained in a plane.

3. The lamp unit (10) according to Claim 1 or 2, wherein
in a rear surface (106) of the projection lens, (100)
a first region (106a) which contains a point of inter-
section (P) which intersects an optical axis (O) of the
lamp unit (10) takes a substantially rotationally sym-
metric shape which is centered at the point of inter-
section (P), and a second region (106b) outside of
the first region (106a) takes a shape defined by a
free curved surface, wherein
light that passes through a rear focal point (F) of the
projection lens (100) to enter the first region (106a)
of the rear surface (106) exits from a region defined
from the front end portion (102b) of the front surface
(102) to the position (102a) which lies close to the
front end portion of the front surface, and wherein
light that passes through the rear focal point (F) of
the projection lens (100) to enter the second region
(106b) exits from a region defined between the po-
sition (102a) which lies close to the front end portion
of the front surface (102) to the rear end portion
(102b) of the front surface (102).

4. The lamp unit (10) according to Claim 3, wherein the
shape of the first region (106a) is a plane or a convex
surface which is curved so as to project towards the
rear focal point (F).

5. The lamp unit (10) according to any of Claims 1 to
4, wherein the plane which contains a full circumfer-
ence of a rear end portion (102b) is obliquely inclined
with respect to the optical axis (O).

Patentansprüche

1. Lampeneinheit (10), die dazu ausgestaltet ist, in ei-
nem Fahrzeug montiert zu werden, umfassend:

eine Lichtquelle (16),
eine Lichtquellen-Montagesektion (14), an wel-
cher die Lichtquelle (16) montiert ist, und
eine Projektionslinse (100), die eine vordere
Oberfläche (102) mit einer konvexen Gestalt
aufweist und dazu ausgestaltet ist, Licht von der
Lichtquelle (16) zu der Vorderseite der Lampen-

19 20 



EP 2 657 593 B1

12

5

10

15

20

25

30

35

40

45

50

55

einheit (10) zu projizieren, wobei
ein Umriss (L) der vorderen Oberfläche (102)
der Projektionslinse (100), der einen Quer-
schnitt begrenzt, der parallel zu einer Ebene ist,
die einen vollen Umfang einer hinteren Endsek-
tion (102b) der vorderen Oberfläche (102) ent-
hält, in einer Position (102a), die nahe einer vor-
deren Endsektion der vorderen Oberfläche
(102) liegt, eine im Wesentlichen kreisförmige
Gestalt und an der hinteren Endsektion (102b)
der vorderen Oberfläche (102) eine im Wesent-
lichen nicht kreisförmige Gestalt annimmt,
wobei der Umriss seine Gestalt verlaufend von
der im Wesentlichen kreisförmigen Gestalt in die
im Wesentlichen nicht kreisförmige Gestalt ver-
ändert, während er seine Position von der Po-
sition (102a) zu der hinteren Endsektion (102b)
hin verändert,
dadurch gekennzeichnet, dass die im We-
sentlichen nicht kreisförmige Gestalt eine viele-
ckige Gestalt ist, und dass
die vordere Oberfläche (102) der Projektionslin-
se (100) Rippen in der Region aufweist, die von
der hinteren Endsektion (102b) der vorderen
Oberfläche (102) bis zu der Position (102a), die
nahe der vorderen Endsektion der vorderen
Oberfläche (102) liegt, definiert ist, und keine
Rippe in der Region aufweist, die von der Posi-
tion (102a), die nahe der vorderen Endsektion
der vorderen Oberfläche (102) liegt, bis zu der
vorderen Endsektion der vorderen Oberfläche
(102) definiert ist.

2. Lampeneinheit (10) nach Anspruch 1, wobei ein vol-
ler Umfang der hinteren Endsektion (102b) in einer
Ebene enthalten ist.

3. Lampeneinheit (10) nach Anspruch 1 oder 2, wobei
in einer hinteren Oberfläche (106) der Projektions-
linse (100) eine erste Region (106a), die einen
Schnittpunkt (P) enthält, der eine optische Achse (O)
der Lampeneinheit (10) schneidet, eine im Wesent-
lichen rotationssymmetrische Gestalt annimmt, die
an dem Schnittpunkt (P) zentriert ist, und eine zweite
Region (106b) außerhalb der ersten Region (106a)
eine Gestalt annimmt, die durch eine frei gekrümmte
Oberfläche definiert ist, wobei
Licht, das durch einen hinteren Brennpunkt (F) der
Projektionslinse (100) passiert, um in die erste Re-
gion (106a) der hinteren Oberfläche (106) einzutre-
ten, aus einer Region austritt, die von der vorderen
Endsektion (102b) der vorderen Oberfläche (102)
bis zu der Position (102a), die nahe der vorderen
Endsektion der vorderen Oberfläche liegt, definiert
ist, und wobei
Licht, das durch den hinteren Brennpunkt (F) der
Projektionslinse (100) passiert, um in die zweite Re-
gion (106b) einzutreten, aus einer Region austritt,

die zwischen der Position (102a), die nahe der vor-
deren Endsektion der vorderen Oberfläche (102)
liegt, bis zu der hinteren Endsektion (102b) der vor-
deren Oberfläche (102) definiert ist.

4. Lampeneinheit (10) nach Anspruch 3, wobei die Ge-
stalt der ersten Region (106a) eine ebene oder eine
konvexe Oberfläche ist, die so gekrümmt ist, dass
sie zu dem hinteren Brennpunkt (F) projiziert.

5. Lampeneinheit (10) nach einem der Ansprüche 1 bis
4, wobei die Ebene, die einen vollen Umfang einer
hinteren Endsektion (102b) enthält, in Bezug auf die
optische Achse (O) schräg geneigt ist.

Revendications

1. Unité de lampe (10) configurée pour être montée
dans un véhicule, comprenant :

une source de lumière (16) ;
une partie de montage de source de lumière (14)
sur laquelle la source de lumière (16) est
montée ; et
une lentille de projection (100) ayant une surface
avant (102) avec une forme convexe et configu-
rée pour projeter la lumière de la source de lu-
mière (16) à l’avant de l’unité de lampe (10),
dans laquelle
un contour (L) de la surface avant (102) de len-
tille de projection (100) qui délimite une section
transversale qui est parallèle à un plan qui con-
tient une circonférence entière d’une partie d’ex-
trémité arrière (102b) de la surface avant (102),
prend une forme sensiblement circulaire dans
une position (102a) qui est à proximité d’une par-
tie d’extrémité avant de la surface avant (102)
et une forme sensiblement non circulaire au ni-
veau de la partie d’extrémité arrière (102b) de
la surface avant (102),
le contour modifiant progressivement sa forme,
passant de la forme sensiblement circulaire à la
forme sensiblement non circulaire au fur et à
mesure qu’il modifie sa position, de la position
(102a) vers la partie d’extrémité arrière (102b),
caractérisée en ce que la forme sensiblement
non circulaire est une forme polygonale, et en
ce que :
la surface avant (102) de la lentille de projection
(100) a des crêtes dans la région définie de la
partie d’extrémité arrière (102b) de la surface
avant (102) à la position (102a) qui est à proxi-
mité de la partie d’extrémité avant de la surface
avant (102) et n’a pas de crête dans la région
définie de la position (102a) qui est à proximité
de la partie d’extrémité avant de la surface avant
(102) à la partie d’extrémité avant de la surface
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avant (102).

2. Unité de lampe (10) selon la revendication 1, dans
laquelle une circonférence entière de la partie d’ex-
trémité arrière (102b) est contenue dans un plan.

3. Unité de lampe (10) selon la revendication 1 ou 2,
dans laquelle
dans une surface arrière (106) de la lentille de pro-
jection (100), une première région (106a) qui con-
tient un point d’intersection (P) qui coupe un axe op-
tique (O) de l’unité de lampe (10) prend une forme
sensiblement symétrique par rotation qui est centrée
au niveau du point d’intersection (P), et une seconde
région (106b) à l’extérieur de la première région
(106a) prend une forme définie par une surface in-
curvée libre, dans laquelle :

la lumière qui passe par un point focal arrière
(F) de la lentille de projection (100) pour entrer
dans la première région (106a) de la surface ar-
rière (106), sort d’une région définie de la partie
d’extrémité avant (102b) de la surface avant
(102) à la position (102a) qui est à proximité de
la partie d’extrémité avant de la surface avant,
et dans laquelle
la lumière qui passe par le point focal arrière (F)
de lentille de projection (100) pour pénétrer dans
la seconde région (106b), sort d’une région dé-
finie entre la position (102a) qui est à proximité
de la partie d’extrémité avant de la surface avant
(102) à la partie d’extrémité arrière (102b) de la
surface avant (102).

4. Unité de lampe (10) selon la revendication 3, dans
laquelle la forme de la première région (106a) est un
plan ou une surface convexe qui est incurvé(e) afin
de se projeter vers le point focal arrière (F).

5. Unité de lampe (10) selon l’une quelconque des re-
vendications 1 à 4, dans laquelle le plan qui contient
une circonférence entière d’une partie d’extrémité
arrière (102b) est incliné, de manière oblique, par
rapport à l’axe optique (O).
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