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(54) [Title of Invention] Vehicle onboard obstacle detector

(57) [Summary]

[Problem to be solved] We provide a long-life and low-
power headlight installed at the front of a vehicle for
ensuring safety in the direction of travel.

[Solution] The headlight 1 includes a projection convex

|

lens 2 and a light-emitting surface composed of a

plurality of LED chips 6 arranged behind the rear focal s

point (F) of the projection convex lens 2. A constant- “B‘L — ;
current drive circuit 4 turns the LED chips 6 on/off, and a - e
control circuit (not shown) lights the LED chips 6 with 1 H{ /’sf e .
shifted phase timing for each group, thereby extracting a pa
constant light output from the LED chips 6.

[Selected figure] Fig.1 .

’

-
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[Claims]

[Claim 1]

A headlight comprising a projection convex lens; and a light-emitting surface composed of a plurality of light-emitting
diodes arranged behind a rear focal point of the projection convex lens.

[Claim 2]

The headlight according to Claim 1, wherein the plurality of light-emitting diodes are oriented toward the projection convex
lens.

[Claim 3]

The headlight according to Claim 1, wherein the light-emitting surface is a curved surface that condenses emitted light
toward the projection convex lens.

[Claim 4]

The headlight according to Claim 1, wherein the light-emitting surface is a flat plane disposed behind a condensing
convex lens that converges light emitted from the light-emitting diodes toward the projection convex lens.

[Claim 5]

The headlight according to any one of Claims 1 to 4, wherein the plurality of light-emitting diodes are mounted on an
insulated metal substrate.

[Claim 6]

The headlight according to any one of Claims 1 to 4, wherein the plurality of light-emitting diodes are arranged in a first
block for distributing a low beam, and a second block for distributing a high beam.

[Claim 7]

The headlight according to any one of Claims 1 to 5, wherein the plurality of light-emitting diodes are further arranged as a
third block for distributing a cornering beam, in addition to the low beam and the high beam.

[Claim 8]

A headlight comprising a plurality of light-emitting diodes constituting a light-emitting surface, and a constant-current drive
circuit for driving said plurality of light-emitting diodes.

[Claim 9]

The headlight according to Claim 8, wherein the constant-current drive circuit comprises switching elements for constant-
current control of the light-emitting diodes divided into multiple groups, and a control circuit that shifts the power supply
timing phase for each group through said switching elements.

[Claim 10]

The headlight according to Claim 8 or 9, wherein the constant-current drive circuit includes a coil and flyback circuit that
supplies current during OFF control by the switching elements.

[Claim 11]

The headlight according to Claim 1, wherein the light-emitting diodes are chip-type LEDs, and said chip-type light-emitting
diodes are integrated with a substrate having a mounting surface to constitute a light-emitting diode unit.

[Claim 12]

The headlight according to Claim 11, wherein the light-emitting diode unit is detachable from the constant-current drive
circuit.

[Claim 13]

The headlight according to Claim 11, further comprising liquid cooling means having a space formed in a thick portion of a
transparent condensing convex lens disposed adjacent to the front of the light-emitting diode unit, and a tubular member
for supplying/discharging transparent liquid to/from said space.

[Claim14]

The headlight according to Claim 3, wherein at least one of the projection convex lens and condensing convex lens is a
Fresnel lens.

[Claim15]

The headlight according to Claim 1, 3, 13 or 14, wherein at least one of the projection convex lens and condensing
convex lens is resin-made.

[Claim16]

The headlight according to Claim 3, further comprising a heat sink disposed on the rear surface of the light-emitting diode
unit's substrate.

[Claim17]

The headlight according to any one of Claims 1 to 15, further comprising air cooling means for cooling the rear surface of
the light-emitting diode unit's substrate.

[Claim18]

The headlight according to any one of Claims 1 to 16, further comprising a heat pipe connecting the rear surface of the
light-emitting diode unit's substrate to the exterior of the vehicle body.
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[Detailed description of the invention]
[0001]
[Technical field]
The present invention relates to a headlight provided at the front of an automobile or similar vehicle to ensure safety in the
direction of travel.
[0002]
[Background art]
Conventional headlights using halogen lamps or discharge lamps as light sources are well known. For example: a
projector-type headlight is generally configured with a projection convex lens, a single lamp positioned behind the rear
focal point of this convex lens, and a rotational elliptical reflector that reflects light from the lamp to converge it at the rear
focal point of the projection convex lens; a parabolic-type headlight is generally configured with a single discharge lamp,
and a parabolic reflector positioned behind the lamp to reflect and project its light forward. These conventional headlights
all include a movable shade (hereinafter referred to as a "shade") that can switch between a low-beam mode (cutting off
part of the projected light for oncoming traffic), and a high-beam mode (disabling the cutoff for highway driving).
Additionally, cornering lamps are installed near automobile headlights to illuminate curves during turns, activated either by
turn signals or when the steering wheel reaches a predetermined angle.
[0003]
Light-emitting diodes (LEDs) are known as long-life, low-power, high-efficiency light sources. However, their limited
luminous flux has historically restricted them to small-scale lighting applications.
[0004]
Patent Document 1 discloses a lighting device using chip-type LEDs as light sources for automotive rear lamps (e.g., tail
lamps or turn signal lamps). This device forms a large light-emitting surface with horizontally oriented LEDs to ensure
visibility by other vehicles and pedestrians.
[0005]
Recently, high-luminance white LEDs have been developed, with expectations for expanded applications.
[0006]
[Patent Document 1]
Japanese Unexamined Patent Publication No. 2000-243110 (page 2, Fig.1, Fig.3)
[0007]
[Problem to be solved by the invention]
However, since conventional headlights have the above-mentioned structure, there were the following issues. Namely,
with conventional headlights, the lifespan of the halogen or discharge lamp, which is the only light source, is a factor, so
there is the issue of extending the lifespan of the lamp even further, and there is also the issue that if the halogen or
discharge lamp suddenly goes out while driving, there is no alternative, and there is a risk that safe driving cannot be
ensured. Furthermore, conventional headlights consume the same amount of power in both low beam mode and high
beam mode, and in low beam mode, which is often used for passing other vehicles, power is consumed for light that is
blocked by the shade and is not actually used, resulting in a problem of wasted power consumption.
[0008]
The present invention was developed to address these issues, with the objective of providing a long-life, low-power
headlight.
[0009]
[Means to solve the problem]
The headlight according to the present invention comprises a projection convex lens; and a light-emitting surface
composed of a plurality of light-emitting diodes arranged behind the rear focal point of said projection convex lens.
[0010]
[Embodiments]
An embodiment of the present invention will now be described.
Embodiment 1.
Fig.1 is a schematic cross-sectional view illustrating a headlight according to Embodiment 1 of the present invention and
its optical path. Fig.2 is a schematic front view showing the arrangement of light-emitting diodes constituting the light-
emitting surface of the headlight shown in Fig.1. Fig.3(a) is a circuit diagram of the constant-current drive circuit for the
headlight shown in Figs.1 and 2, while Fig.3(b) is a timing chart showing the lighting sequence controlled by the constant-
current drive circuit in Fig.3(a). It should be noted that Embodiment 1 describes a headlight designed for vehicles
manufactured for left-hand traffic. When applying the present invention to vehicles manufactured for right-hand traffic, the
low-beam light distribution pattern will naturally be oriented toward the right side. This principle applies equally to all
subsequent Embodiments described below.
[0011]
As shown in Fig.1, the headlight 1 is primarily composed of: a projection convex lens 2 that distributes light to illuminate
the front or left side of the vehicle and has a front focal point F' and rear focal point F; a light-emitting diode unit
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(hereinafter referred to as "LED unit") 3 positioned behind the rear focal point F of the projection convex lens 2 and
emitting light directed toward the rear focal point F; and a constant-current drive circuit 4 that drives the LED unit 3.
[0012]
The projection convex lens 2 may be made of transparent glass or resin. A resin lens offers the advantages of being
lighter than glass and having lower manufacturing costs.
[0013]
As shown in Fig.1, the LED unit 3 is primarily composed of: an insulated metal substrate (hereinafter referred to as "metal
substrate") 5 made of aluminum or other metal with excellent heat dissipation properties, processed into a spherical shape
centered on the rear focal point F of the projection convex lens 2; and multiple chip-type LEDs (hereinafter referred to as
"LED chips") 6 arranged on the inner surface (front surface) of the metal substrate 5 to form a light-emitting surface
directed toward the rear focal point F of the projection convex lens 2.
[0014]
Each LED chip 6, as is well known, has a PN junction (not shown) formed by joining a P-type region (not shown) and an
N-type region (not shown). When a forward voltage is applied between these regions, light is emitted from the PN
junction. To enhance the directivity of the emitted light, a cover (not shown) with, for example, a bullet-like shape is
provided above the PN junction. As shown in Fig.2, the LED chips 6 are distributed across the inner surface of the metal
substrate 5 of the LED unit 3. The upper region A of the metal substrate 5 contains a low-beam LED chip group (first
block) 8 for distributing low-beam LB, while the lower region B contains a high-beam LED chip group (second block) 9 for
distributing high-beam HB. The low-beam LED chip group 8 is illuminated during normal driving (such as when passing
other vehicles) or highway driving, primarily illuminating the lower left front area for safety. The portion located at the
lowest right side of the upper region A (near the right region C2) can also illuminate the upper left front area. The high-
beam LED chip group 9 is illuminated only during highway driving, primarily illuminating the upper left front area, with the
portion at the highest left side of the lower region B (near the left region C1) also capable of illuminating the lower right
front area. In this Embodiment 1, the arrangement density of the LED chips 6 in the high beam LED chip group 9 is
configured to be lower than the arrangement density of the LED chips 6 in the low beam LED chip group 8, because this
chip assists in the emission of low beam light.
[0015]
Additionally, the left region C1 (right side in Fig.2) and right region C2 (left side in Fig.2) of the metal substrate 5 each
contain a cornering-beam LED chip group (third block) 10 for distributing cornering beams. Incidentally, the cornering-
beam LED chip group 10 arranged in the left region C1 emits light in response to the right-hand turn signal or the
prescribed turning angle of the steering wheel to the right when cornering, illuminating the right-hand corner, and
conversely, the cornering-beam LED chip group 10 arranged in the right region C2 illuminate the left corner in response
to the left turn signal or the prescribed angle of the steering wheel to the left when cornering.
[0016]
Each LED chip 6 in the LED unit 3 is connected to the constant-current drive circuit 4 via wiring 7 protruding from the
outer surface (rear surface) of the metal substrate 5. The constant-current drive circuit 4, powered by the vehicle's battery
(e.g., 12V), drives the LED unit 3 at a constant current to protect the LEDs from overcurrent and maintain consistent light
output. In this constant current drive circuit 4, as shown in Fig.3(a), the low-beam LED chip group 8 (first block) is divided
into groups (e.g., four LED chips 6 per group). The four LED chips 6 in each group are connected in series and controlled
simultaneously by a chopper transistor (switching element) 11. A coil 12a and flyback diode 12b in each group form a
closed circuit with the LED chips 6, ensuring continuous illumination during the chopper transistor 11's OFF state by
directing residual coil energy (inductive component) through the flyback diode 12b (arrow D direction). Without the flyback
diode 12b, the LEDs would flicker, making the headlight unsuitable for fast-moving vehicles. The multiple LED chips 6 in
the high-beam LED chip group 9 (second block) or the cornering-beam LED chip group 10 (third block) are also grouped
in the same way as the multiple LED chips 6 in the low-beam LED chip group 8, and are on/off controlled by the constant-
current drive circuit 4 for each group.
[0017]
The multiple chopper transistors 11 within the constant-current drive circuit 4 are connected to a control circuit (not
shown) that regulates the operating timing of each chopper transistor 11. As illustrated in Fig. 3(b), the control circuit (not
shown) works to shift the phase of the timing of the current flow based on the on/off control by the chopper transistors 11
for the LED chips 6 in each group, while ensuring the necessary and sufficient amount of light emission for the headlight
1, as shown in Fig. 3(b). The reason for providing multiple chopper transistors 11 is that if one chopper transistor 11 were
to control the on/off of all of the LED chips 6, radio noise would be generated due to large ripples in the power supply
current caused by the passage/stop of a large current, which would affect other precision equipment installed in the
automobile. Therefore, by using multiple chopper transistors 11 to pass/stop a small current, the ripples in the power
supply current are reduced, and the generation of radio noise is reduced.
[0018]
Next, the operation will be explained.
During normal driving such as when passing other vehicles, multiple LED chips 6 in the low-beam LED chip group 8 (first
block) are illuminated by the constant-current drive circuit 4. At this time, under the control of the control circuit (not
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shown), the power supply timing phase for each LED chip 6 is shifted group by group by each chopper transistor 11. This
ensures that a constant light output is always emitted from each LED chip 6, converges at the rear focal point F of the
projection convex lens 2, and is distributed as low-beam LB to the left front of the vehicle while maintaining minimal power
supply ripple and radio noise in the headlight.

[0019]

Next, when driving on a highway, etc., in addition to the multiple LED chips 6 in the above low-beam LED chip group 8,
the multiple LED chips 6 in the high-beam LED chip group 9 (second block) are also lit by the constant-current drive circuit
4. At this time, the phase of the energization timing of each LED chip 6 in the high-beam LED chip group 9 is shifted for
each group by each chopper transistor 11 under the control of a control circuit (not shown). This means that a constant
amount of light is emitted from each LED chip 6, and is focused at the rear focal point F of the projection convex lens 2,
and is distributed as high-beam HB to the front of the vehicle, while also being a low-beam headlight with low radio noise
and low power supply ripple.

[0020]

When turning right, in response to the right turn signal or a predetermined right steering angle, the LED chips 6 in the
cornering-beam LED chip group 10 (third block) located in the left region C1 of the LED unit 3 are illuminated by the
constant-current drive circuit 4. At this time, the phase of the energization timing of each LED chip 6 is shifted for each
group by each chopper transistor 11 under the control of a control circuit (not shown). The resulting constant light output
converges at the rear focal point F and is distributed as a cornering beam (not shown) to illuminate the right front corner,
with ripple and noise levels matching the low/high-beam modes.

[0021]

Furthermore, when turning the left corner, the LED chips 6 in the cornering-beam LED chip group 10 (3rd block) arranged
in the right region C2 of the LED unit 3 are lit by the constant-current drive circuit 4 in response to the left turn signal
indicated by the turn signal and the predetermined turning angle of the steering wheel to the left. At this time, the phase of
the energization timing of each LED chip 6 is shifted for each group by each chopper transistor 11 under the control of a
control circuit (not shown). This means that a constant amount of light is emitted from each LED chip 6, and is focused at
the rear focal point F of the projection convex lens 2, and is distributed as a cornering beam (not shown in the diagram) to
the left corner of the left front of the vehicle, while also being a headlight with low radio noise and low power supply ripple,
just like the low, high and right corner lamps.

[0022]

The heat generated when the multiple LED chips 6 that make up the LED unit 3 are lit is dissipated by the metal substrate
5 that makes up the LED unit 3, which prevents each LED chip 6 from overheating and prevents the LED chips 6 from
deteriorating.

[0023]

As described above, based on the Embodiment 1, it achieves the following effects, including: incorporating the projection
convex lens 2 and a light-emitting surface composed of multiple LED chips 6 positioned behind and directed toward the
rear focal point F of the lens, a long-life, low-power headlight 1 can be realized; compared to conventional headlights
where sudden failure of a single halogen or discharge lamp could compromise driving safety, this configuration makes it
extremely unlikely for all long-life LED chips 6 to fail simultaneously, and even partial LED chip failures won't cause
complete darkness as long as other groups remain illuminated, thereby ensuring significantly higher driving safety; the
elimination of the conventionally required shade not only reduces component count but also enables flexible light
distribution control.

To further optimize the design, distributing the LEDs of each group across multiple blocks would be preferable, as this
configuration would scatter any dimmed areas when a single group fails, thereby maintaining more uniform illumination.
[0024]

Based on the Embodiment 1, by configuring the light-emitting surface as a spherical surface centered on the rear focal
point F of the projection convex lens 2, the light emitted from the multiple spherically arranged LED chips 6 can be
efficiently concentrated at the rear focal point F of the projection convex lens 2 and properly distributed by the lens to
ensure forward visibility for the vehicle. Additionally, since the conventional essential reflector becomes unnecessary, the
design achieves both compactness and reduced component count, thereby lowering manufacturing costs.

[0025]

Based on the Embodiment 1, by mounting the multiple LED chips 6 on the metal substrate 5, the heat generated during
operation is effectively dissipated through the metal substrate 5, preventing excessive temperature rise in each LED chip
6 and consequently inhibiting LED degradation.

[0026]

Based on the Embodiment 1, by arranging the multiple LED chips 6 on the metal substrate 5 in separate blocks - a first
block for low-beam (LB) distribution and a second block for high-beam (HB) distribution - there is no need to illuminate the
high-beam block during low-beam mode, significantly reducing power consumption compared to conventional headlights
that consume equal power in both modes.

[0027]

Based on the Embodiment 1, by configuring a third block for cornering beams (not shown) on the metal substrate 5, the
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need for separate cornering lamps traditionally mounted on the vehicle's front is eliminated, allowing integration of the
cornering beam areas (left region C1 and right region C2) into the headlight 1 for enhanced compactness.

[0028]

Based on the Embodiment 1, the incorporation of the constant-current drive circuit 4 for driving the multiple LED chips 6
enables stable current operation without overcurrent-induced degradation, ensuring consistent light output focused at the
rear focal point F of the projection convex lens 2, flicker-free illumination of the vehicle's path, and exceptional driving
safety.

[0029]

Based on the Embodiment 1, the constant current drive circuit 4 is configured to include a chopper transistor 11 that
controls the LED chips 6, which are divided into multiple groups, to turn them on and off in groups, and a control circuit
(not shown) that shifts the phase of the timing of the current supplied by the chopper transistor 11 for each group, so that
when all the LED chips 6 are turned on and off using a single chopper transistor 11, the large current flow and stoppage of
the power supply current can cause large ripples, which can affect other precision devices installed in the car.

[0030]

Based on the Embodiment 1, the constant-current drive circuit 4 is configured to have a coil 12a for each group that
supplies current to multiple LED chips 6 in the group when the chopper transistor 11 is turned off, so the L component of
the coil 12a generates a forward current (arrow D) in the flywheel diode 12b, and the light from the four LED chips 6 is
maintained until the next time the chopper transistor 11 is turned on, it is possible to illuminate the front of the vehicle
without flickering with a constant amount of light distribution, without the objects illuminated by the headlights appearing to
move in a frame-by-frame fashion, and it has the effect of ensuring extremely high safety while driving.

[0031]

Based on the Embodiment 1, the use of chip-type LEDs 6 integrated with the front-mounted metal substrate 5 to form the
LED unit 3 allows higher LED packaging density, resulting in a high-luminance light-emitting surface.

[0032]

Based on the Embodiment 1, the group-based configuration within each block ensures that if one LED chip 6 fails, others
in its group deactivate while chips in other groups maintain operation, providing minimum required illumination to avoid
complete darkness - a critical safety advantage over conventional single-lamp systems, especially considering the
extremely low probability of simultaneous failure in all long-life LED chips 6.

[0033]

Embodiment 2.

Fig.4 is a schematic cross-sectional view showing a headlight according to Embodiment 2 of the present invention and its
optical path. Note: For components in this Embodiment 2 that are identical to those in Embodiment 1, the same reference
numerals are applied, and their descriptions are omitted.

[0034]

The distinguishing feature of Embodiment 2 lies in its planar light-emitting surface, contrasting with the spherical surface
of Embodiment 1. Specifically, the LED chips 6 forming the LED unit 3 are mounted on the flat front surface 5a of a planar
metal substrate 5, which is positioned behind a condensing convex lens 14 that converges light emitted from the LED
chips 6 at the rear focal point F of the projection convex lens 2. The condensing convex lens 14 comprises a spherical
front surface 14a and a flat rear surface 14b, with its front focal point aligned with the rear focal point F of the projection
convex lens 2.

[0035]

The rear surface 5b of the metal substrate 5 in the LED unit 3 is equipped with a pair of connection pins 15, while the
constant-current drive circuit 4 includes a detachable connector 16 for these pins, enabling the LED unit 3 to be
removable from the circuit 4. As a result, LED unit 3 can be attached and detached from the constant-current drive circuit
4. Therefore, the frequency of replacing LED unit 3, which includes long-life LED chips 6, is extremely low, but if it
becomes necessary to replace it due to deterioration over time, for example, if the amount of light emitted decreases to a
certain extent, it is possible to easily replace LED unit 3 with a new one.. The battery power source 17 supplies drive
voltage to the constant-current drive circuit 4.

[0036]

The operational principle is as follows.

Each LED chip 6 in the LED unit 3 is ON/OFF controlled by the constant-current drive circuit 4, with a control circuit (not
shown) phase-shifting the power timing group-by-group via chopper transistors 11 to maintain consistent light output.
Light emitted from the LED unit 3 enters the condensing convex lens 14 through its rear surface 14b, refracts at the front
surface 14a, and exits toward the rear focal point F of the projection convex lens 2 (aligned with the condensing lens's
front focal point). The concentrated light then passes through the projection convex lens 2 and is distributed as low-beam
(LB) or high-beam (HB) illumination forward of the vehicle.

[0037]

As described above, based on the Embodiment 2, the light-emitting surface is configured as a flat surface placed behind
the condensing convex lens 14, which focuses the light emitted from the LED chip 6, so it has the effect of ensuring the
necessary amount of light for the headlights 1 and ensuring visibility in front of the vehicle.
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[0038]
Based on the Embodiment 2, since the LED unit 3 is configured to be detachable with respect to the constant=current
drive circuit 4, the effect is that the LED unit 3 can be easily replaced with a new one as necessary.
[0039]
Embodiment 3.
Fig.5 is a schematic cross-sectional view showing the configuration of a liquid cooling system for the LED unit in the
headlight according to Embodiment 3 of the present invention. Note that components in this Embodiment 3 that are
identical to those in Embodiment 1 and other preceding Embodiments retain the same reference numerals, and their
descriptions are omitted.
[0040]
The distinguishing feature of Embodiment 3 lies in its incorporation of a liquid cooling system 21, comprising a cavity S
formed within the thickened portion of a transparent condensing convex lens positioned adjacent to the front of LED unit
3, and a tubular member 20 for supplying/discharging transparent liquid to/from this cavity S. The LED chips 6 mounted
on the metal substrate 5 of LED unit 3 generate heat during operation, which is primarily dissipated through the metal
substrate 5. Furthermore, in the Embodiment 3, in addition to the heat dissipation effect of the metal substrate 5, it
employs liquid cooling system 21 that actively cools the LED chips 6, which are the heat source in the LED unit 3, reliably
preventing overheating of each LED chip 6 and preventing deterioration of the LED chips 6.
[0041]
The liquid cooling system 21 is a structure composed of a liquid in the space S, which is a space created in the thick part
of the convex lens and has the same function as the ondensing convex lens 14 in the Embodiment 2 for the LED unit 3.
Both the planar member 18 and spherical member 19 forming this lens must exhibit colorless transparency to avoid
interfering with light distribution from the LED chips 6, allowing materials like glass or resin. Resin offers advantages of
weight reduction and lower manufacturing costs versus glass, while the liquid coolant prevents thermal deformation even
with resin components.
[0042]
In addition, as a liquid, it needs to be a coolant that exchanges heat with the planar member 18, which becomes hot due
to the heat from the LED unit 3, and it also needs to be colorless and transparent so as not to obstruct the light distribution
from the LED chip 6. For example, water or oil can be used.
[0043]
As described above, based on the Embodiment 3, it is configured to have a liquid cooling system 21 that has a
transparent planar member 18 installed in close proximity in front of LED unit 3 and a liquid cooling system 21 is provided,
which has a tubular member 20 that supplies and discharges liquid to the space S provided in the thick part of the
transparent convex lens arranged in front of this planar member 18, so that in addition to the heat dissipation effect of the
metal substrate 5 of the LED unit 3, the LED chip 6, which is the heat source of the LED unit 3, is actively cooled to
reliably suppress overheating of each LED chip 6 and prevent LED chip 6 degradation.
[0044]
Embodiment 4.
Fig.6 is a schematic cross-sectional view showing the configuration of a Fresnel lens serving as the condensing convex
lens for the LED unit in the headlight according to Embodiment 2 of the present invention. This Fresnel lens can also
function effectively as a projection convex lens. Note: Components common to Embodiment 1 and other Embodiments
retain the same reference numerals, and their descriptions are omitted.
[0045]
The distinguishing feature of Embodiment 4 is the replacement of the curved-surface convex lens in Embodiment 2 with a
Fresnel lens 22 formed by translating the surface curvature. As indicated by the dashed line in Fig.6, conventional convex
lenses require unnecessarily thick central portions (along arrow E direction) to achieve surface curvature. In contrast, the
Fresnel lens 22 eliminates this excess material, enabling a thinner profile.
[0046]
The Fresnel lens 22 may use transparent resin or glass. Resin lenses offer weight reduction advantages over glass. While
creating curved surfaces in glass is labor-intensive, resin molding allows relatively easy production of lighter Fresnel
lenses 22.
[0047]
As described, based on the Embodiment 4, Since the Fresnel lens 22 is used as the spherical member 19, the thickness
of the convex lens for light focusing in the Embodiment 2 can be made thin, and the effect of making the headlight more
compact can be achieved.
[0048]
Based on the Embodiment 4, Since the Fresnel lens 22 is made of resin, it is easier to manufacture than a glass lens.
[0049]
Embodiment 5.
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Fig.7 is a schematic cross-sectional view showing the configuration of a heat sink for cooling the substrate of the LED unit
in the headlight according to Embodiment 5 of the present invention. Note: Components common to Embodiment 1 and
other Embodiments retain the same reference numerals, and their descriptions are omitted.
[0050]
The feature of the Embodiment 5 is that a heat sink 23 is provided on the rear surface 5b of the metal substrate 5 of the
LED unit 3. In other words, the metal substrate 5 has excellent heat dissipation properties, and it is possible to dissipate
the heat generated by the LED unit 3. By providing a heat sink 23 on the rear surface 5b of the metal substrate 5, it is
possible to expand the heat dissipation area and improve the heat dissipation effect.
[0051]
As described, based on the Embodiment 5, Since the heat sink 23 is arranged on the rear side 5b of the metal substrate 5
of the LED unit 3, in addition to the heat dissipation effect of the metal substrate 5, the LED unit 3 is efficiently cooled, and
the overheating of each LED chip 6 is reliably suppressed, and the deterioration of the LED chip 6 can be prevented.
[0052]
In the Embodiment 5, the heat sink 23 is arranged on the rear surface 5b of the flat metal substrate 5, but the same effect
can be achieved by arranging it in the same way on the spherical metal substrate 5 in Embodiment 1.
[0053]
Embodiment 6.
Fig.8 is a schematic cross-sectional view showing an air cooling system for the LED unit substrate in the headlight
according to Embodiment 6 of the present invention. Note that components common to Embodiment 1 and other
Embodiments retain the same reference numerals, and their descriptions are omitted.
[0054]
The feature of the Embodiment 6 is that it is equipped with a fan (air cooling means) 24 and a drive motor (air cooling
means) 25 that cool the rear side 5b of the metal substrate 5 of the LED unit 3. In other words, the metal substrate 5 has
excellent heat dissipation properties and is capable of dissipating the heat generated by the LED unit 3, but by installing
the above-mentioned air blowing means on the rear side 5b of the metal substrate 5, it is possible to actively cool the
metal substrate 5.
[0055]
As described, based on the Embodiment 6, since the fan (air cooling means) 24 and drive motor (air cooling means) 25
that cool the rear side 5b of the metal substrate 5 of the LED unit 3 are arranged, in addition to the heat dissipation effect
of the metal substrate 5, the LED unit 3 is efficiently cooled, and the overheating of each LED chip 6 is reliably
suppressed, and the deterioration of the LED chip 6 can be prevented.
[0056]
In the Embodiment 6, the air blowing device is arranged on the rear side 5b of the flat metal substrate 5, but the same
effect can be achieved by arranging the air blowing device in the same way on the spherical metal substrate 5 in the
Embodiment 1.
[0057]
Embodiment 7.
Fig.9 is a schematic cross-sectional view showing a heat pipe configuration for cooling the LED unit substrate in the
headlight according to Embodiment 7 of the present invention. Note that components common to Embodiment 1 and other
Embodiments retain the same reference numerals, and their descriptions are omitted.
[0058]
The feature of the Embodiment 7 is that it is equipped with a heat pipe 27 that connects the rear surface 5b of the metal
substrate 5 of the LED unit 3 and the vehicle body 26. One end 27a of the heat pipe 27 reaches the rear surface 5b of the
metal substrate 5, and the other end 27b reaches the vehicle body 26. This makes it possible to release the heat
generated by the LED unit to the vehicle body via the heat pipe 27.
[0059]
As described, based on the Embodiment 7, since the LED unit 3 is configured to have a heat pipe 27 connecting the rear
surface 5b of the metal substrate 5 and the vehicle body 26, in addition to the heat dissipation effect of the metal substrate
5, the LED unit 3 is efficiently cooled, and the overheating of each LED chip 6 is reliably suppressed, preventing the
deterioration of the LED chip 6.
[0060]
In the Embodiment 7, the heat pipe 27 is arranged to connect to the rear surface 5b of the flat metal substrate 5, but it is
also possible to achieve the same effect by arranging it in the same way as in the spherical metal substrate 5 of the
Embodiment 1.
[0061]
The cooling solutions described in Embodiments 3 through 7 can each be used independently for LED unit 3 cooling, or
combined as needed for enhanced thermal management.
[0062]
[Effect of the invention]
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As described above, according to the present invention, by configuring the device to comprise a projection convex lens,
and a light-emitting surface composed of multiple light-emitting diodes arranged behind the rear focal point of said
projection convex lens, a long-life, low-power headlight can be realized.
[Brief description of the drawings]
[Fig.1] A schematic cross-sectional view showing a headlight according to Embodiment 1 of the present invention and its
optical path.
[Fig.2] A schematic front view showing the arrangement of light-emitting diodes constituting the light-emitting surface of
the headlight shown in Fig.1.
[Fig.3] (a) A circuit diagram of the constant-current drive circuit for the headlight shown in Figs. 1 and 2; (b) a timing chart
showing the power supply timing of switching elements controlled by the constant-current drive circuit in (a).
[Fig.4] A schematic cross-sectional view showing a headlight according to Embodiment 2 of the present invention and its
optical path.
[Fig.5] A schematic cross-sectional view showing the configuration of a liquid cooling system for the light-emitting diode
unit in the headlight according to Embodiment 3 of the present invention.
[Fig.6] A schematic cross-sectional view showing the configuration of a Fresnel lens constituting part of the liquid cooling
system for the light-emitting diode unit in the headlight according to Embodiment 4 of the present invention.
[Fig.7] A schematic cross-sectional view showing the configuration of a heat sink for cooling the substrate of the light-
emitting diode unit in the headlight according to Embodiment 5 of the present invention.
[Fig.8] A schematic cross-sectional view showing the configuration of an air cooling system for cooling the substrate of the
light-emitting diode unit in the headlight according to Embodiment 6 of the present invention.
[Fig.9] A schematic cross-sectional view showing the configuration of a heat pipe for cooling the substrate of the light-
emitting diode unit in the headlight according to Embodiment 7 of the present invention.
[Description of symbols]
1 headlight, 2 projection convex lens, 3 LED unit, 4 constant-current drive circuit, 5 metal substrate, 6 LED chip, 7 wiring,
8 low-beam LED chip group (First block), 9 high-beam LED chip group (Second block), 10 cornering-beam LED chip
group (Third block), 11 chopper transistor (Switching element), 12 coil, 13 flyback diode, 14 condensing convex lens, 15
connection pin, 16 connection connector, 17 battery power source, 18 planar member (Convex lens), 19 spherical
member (convex lens), 20 tubular member, 21 liquid cooling system, 22 Fresnel lens, 23 heat sink, 24 fan (air cooling
means), 25 drive motor (air cooling means), 26 vehicle body, 27 heat pipe.
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