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LIGHT EMITTING DIODE ROADWAY LIGHTING OPTICS

TECHNICAL FIELD

[0001] The present invention relates to light emitting diode (LED) lighting fixtures
and in particular to an LED lighting section for use in a lighting fixture for roadway
illumination.

BACKGROUND

[0002] Outdoor lighting is used to illuminate roadways, parking lots, yards,
sidewalks, public meeting areas, signs, work sites, and buildings commonly using
high-intensity discharge lamps, often high pressure sodium lamps (HPS). The move
towards improved energy efficiency has brought to the forefront light emitting diode
(LED) technologies as an alternative to HPS lighting in commercial or municipal
applications. LED lighting has the potential to provide improved energy efficiency
and improved light output in out door applications however in a commonly used
Cobra Head type light fixture the move to include LED lights has been difficult due to
heat requirements and light output and pattern performance.

[0003] There is therefore a need for an improved LED light fixture for outdoor
applications.



10

15

20

25

30

CA 02737060 2016-02-11

SUMMARY

[0004] In accordance with the present disclosure there is provided an optical module
for use in an lighting fixture for providing illumination of a plane. The optical module
comprising a plurality of light emitting diodes (LEDs) mounted on a circuit board; a
plurality of reflector cups, each reflector cup surrounding one of the plurality of LEDs
at a narrow first end and a larger opening at a second end opposite the LED; and a
lens cover comprising a plurality of molded lenses for covering the plurality of

reflector cups, each of the plurality of lens of the lens cover positioned at the second end of
the reflector cups providing a refractor over the opening of each reflector, wherein each of

the plurality of lenses are oriented to provide illumination towards a plane in a defined
lighting pattern wherein the each of the plurality of molded lenses are oriented to provide a
light pattern and the cover comprises two or more blocks of repeating lens patterns each
providing the same light distribution pattern, the lenses molded on an exterior of the lens
cover towards the illumination plane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Further features and advantages of the present invention will become

apparent from the following detailed description, taken in combination with the
appended drawings, in which:

FIG. 1 shows a perspective view of a top side of a roadway lighting fixture;
FIG. 2 shows a perspective view of an underside of a roadway lighting fixture;
FIG. 3 shows a bottom side of a roadway lighting fixture;

FIG. 4A-C show a representation of the lighting pattern provided by the roadway
lighting fixture;

FIG. 5 shows a cross-section of a roadway lighting fixture;

FIG. 6 show the illumination sections of a roadway lighting fixture;
FIG. 7A-C shows views of a lens cover of a illumination section;
FIG. 8 shows a perspective view of an optical module;

FIG. 9 shows a side view of an optical module;

FIG. 10 shows a top view of an optical module;

FIG. 11 shows a portion of a lens cover;



FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.

CA 02737060 2016-02-11

12 shows a lens cover and the lens configurations;

13A-C show views of a reflector;

14 shows a LED engine circuit board,;

15 shows a lighting distribution from and LED by a reflector through a refractor;
16A shows a curvature of a lens element in the longitudinal plane (C1 & C2);
16B shows a curvature of a lens element in the traverse plane (C3 & C4),

17 shows a perspective view of lenses 1 and 2;
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FIG. 18a shows a curvature of lenses 1 and 2 in the longitudinal plane;

FIG. 18b shows a curvature of lenses 1 and 2 in the traverse plane;

FIG. 19 shows a perspective view of lenses 3 thru 5;

FIG. 20A shows a curvature of lenses 3 through 5 in the longitudinal plane;
FIG. 20B shows a curvature of lenses 3 through 5 in the traverse plane;

FIG. 21 shows a perspective view of lenses 6 thru 12;

FIG. 22A shows a curvature of lenses 6 through 12 in the longitudinal plane;
FIG. 22B shows a curvature of lenses 6 through 12 in the traverse plane; and
FIG. 23A-23D shows views of an alternate lens cover configuration.

It will be noted that throughout the appended drawings, like features are identified by

like reference numerals.

DETAILED DESCRIPTION

[0006] Embodiments are described below, by way of example only, with reference to
Figs. 1-23.

[0007] The traditional Cobra Head lighting fixture has presented problems in term of
heat dissipation and light output and pattern performance and have present a sub-
optimal replacement for existing HPS lighting systems. To overcome these issues

an improved fixture containing an improved illumination section Is provided.

[0008] A combination reflector refractor design is provided to produce optimal type i
distribution which meets llluminating Engineering Society of North America (IESNA)
specifications for both luminance and illuminance levels and uniformity. The
distribution is also tailored to meet Commission Internationale de L'Eclairage (CIE)
specifications for Luminance levels and uniformity. The illumination pattern is
selected to maximize lighting efficiency and maximize pole spacing for the above

standards.

[0009] As shown In Figure 1 an improved exterior light fixture 100 for LED lights is
provided. The exterior light fixture 100 is compatible with Cobra head mounts. The

light fixture 100 provides the required optics and thermal performance so that the

.3
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LED light fixture 100 may be used for illuminating roadways according to Type |l IES
light distribution requirements. The light fixture 100 design, including the angles of
the LED light engines (i.e., PCB boards with the LEDs assembled on them), can
meet Institute of Lighting Engineers (IES) Type |l light distribution on the road. In
addition to the constraints required to provide proper illumination, the design of the
light fixture 100 is further dictate by the thermal model to ensure that the heat
produced by the LEDs of the LED light engines is dissipated sufficiently to ensure
proper operation of the LEDs.

[0010] As shown In Figures 2 and 3, the light fixture 100 has two LED engines 2203,
200b, one on either side of a center section 202 of the light fixture 100 as shown in
Figure 2. Splitting the light source into two LED sections 200a, 200b allows the heat
that i1s given off from the LED's to be dispersed between two sections, which helps
to reduce the thermal degradation to the LED’s. By spilitting the LED’s into two
sections consisting of half the amount of LED’s of the whole fixture, the amount of

cross heating of the LED’s from the neighboring LED’s is also reduced. The two
sections are separated by the center section 202 of the light fixture 100. The
exterior of the center section 202 has a top surface, a s seen in Figure 1, that has an
arcuate cross section. The interior of the center section 202 houses the electronics,
including the power supply for the LEDs. The center section 230 may include a
sealable front section for enclosing the electronics. The sealable front section may
be sealed by a cover plate that is fixed to the light fixture using, for example, screws.
The center section 202 may further include a rear section 230 that consists of the
pole mount area and electrical connection area. The rear section 112 may be

covered by a hinged door.

[0011] Figures 4A-4C show samples of the illumination pattern provided by the light
fixture 100. The illumination pattern 400 is selected to maximize lighting efficiency,
maximize pole spacing and generate uniform illumination. The resulting illumination
distribution is defined by the llluminating Engineering Society of North America (IES)
which is an internationally recognized standards organization. The IES standard
called RP-8 is used by street design engineers around the world. The RP-8 manual
describes the quantitative illumination specifications for different street and roadway

layouts, 1.e., 2 lane roads, 3 lane, 4 lane highways, clover leafs, and all manner of

_4 -
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different street layouts. The IES 2 lane street layout calls for an IES Type Ii
ilumination pattern as provided by the present fixture and is the most common
pattern used for 2 [ane streets.

[0012] Figure 5 shows a cross-section of the roadway lighting fixture 100. Each of
the LED sections 200a, 200b contain one or more optical modules comprise a LED
engine board 500a, 500b mounted in the lighting fixture compartment providing
multiple LEDs on a circuit board. Reflectors 502a, 502b are provided around each
LED light of the engine board 500a, 500b and is covered by a reflector 504a, 504b
to direct the light output in a desired pattern. Exterior fins 540 remove heat away
from the LED light engine to provide cooling.

[0013] As shown In Figure 6, the optics is split into two parts illuminating different
sections of the roadway 200a, 200b. The angle of the optics is 30° relative to the
horizontal roadway which helps provide the throw required to achieve superior pole
spacing while meeting IESNA and CIE requirements. For other customized light

distribution patters, this angle can be changed in order to optimize the optics
configuration.

[0014] Figure 7A-C shows views of a lens cover of a illumination section. The lens
cover comprises a lens for each of the associated LED and reflector cups. The lens
covers are provided in pairs, 504a, 504b providing symmetrical lighting patterns.
Figure 7A shows the lens covers 504a, 504b from below, at an angle of 30° from the
llumination plane. Figure 7B shows the lens covers 504a, 504b in a flat

configuration. Figure 7Cshows the lens covers 504b, 504a from behind.

[0015] Figure 8 show a perspective view, Figure 9 a side view and Figure 10 a top
view of the LED optical module 800 comprising a light engine 500, containing
multiple LEDs 802. The reflector 502 comprises multiple reflectors or cups 810,
each covering an LED. The lens cover 504 provides lenses 812 which individually

cover the associated lens reflectors and are oriented to direct the light output of the
assoclated LED. The light engine 500 circuit board (only a portion is shown) can
accommodate multiple illumination sections to distinct illumination groups or may
only be associated with a single illumination section. The board can be populated

with LEDs 802 based upon the number of modules to be accommodated.

_5 .
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[0016] As shown in Figure 11, each lens cover can comprise multiple blocks of
lenses, each utilizing multiple unique elements to direct light to specific portions of
the roadway to achieve a uniform distribution. The refractive elements are
iIncorporated into an acrylic cover lens. Specifically, the lenses are molded into the
large lens cover so that the individual refractor lenses sit suspended right over the
opening of each reflector cup. Transparent polycarbonate, glass or other light

transparent material can also be used for this lens design.

[0017] The optics model used to provide a complete light distribution pattern on a
roadway or other surface allow for lights to turn on optics modules in order to raise

or lower light levels on the roadway without affecting the light distribution on the

roadway.

[0018] Single sided lens features are designed with spherical contours which also
use an incremental orientation adjustment over the array, which causes a
randomization of lens elements in order to produce better uniformity and specifically

avolds unwanted features such as bands and shadowing.

[0019] For example, the representation below is representative of an optics module
containing twelve lens elements integrated into an acrylic cover lens. There are

three distinct ‘types’ of lenses in this array:

Lenses 1 (1101) and 2 (1102) help to both provide light throwing power and
to spread light into areas that are not covered by the other lens types.

Lenses 3 (1103), 4 (1104) and 5 (1105) provide illumination in the area

directly in front of the fixture.
Lenses 6 (1106) thru 12 (1112) provide the main throw of the distribution.

[0020] Each lens of a type of lens, have a generally similar geometry however they
may be modified slightly to accommodate the required position and orientation

within the lens cover.

[0021] Lens elements are designed with a curvature that bends light in directions
that produces light distribution patters such as IESNA Type I, IES Type lli, etc.
Therefore, the optics model and lens shapes can be adjusted to produce any

desired distribution without affecting the curvature which controls the distribution

-6 -
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features which allow for superior pole spacing.

[0022] FIG. 12 shows a lens cover 504 and the lens configurations. The pattern of
lenses 12 lenses 1200 can be repeated in a pattern along the length of the cover.
For example, a four block configuration 1200, 1202, 1204 and 1206 provide the
same light pattern distribution enabling light variable light output by enabling or
disabling blocks of lights. This modularity in design corresponds to blocks of
repeating lens patterns in the lens cover as shown in Figure 12. This allows the LED
light fixture to be turned up or down in intensity in order to replace standard street
lights of various light output and different input wattages. The inside of the lens
cover can be substantially flat or may provide lens surface for interfacing with the

reflector.

[0023] Figures 13A-C show views of a reflector. Figure 13A shows a top
perspective view of a reflector 502. The reflector module provides twelve reflector
cups 810, although other numbers and configuration are available. Figure 13B
show a top view of the reflector 502. Figure 13C, shows a bottom view of reflector
502 covers the LED’s with individual reflector cups 810. Each reflector module
utilizes multiple unique reflector elements to direct light to specific portions of the
roadway to achieve a uniform illumination distribution based on [ESNA and CIE
standards. The reflector around each LED can all be the same, or they can be
different and unique for each LED in the array. They can also be rotated from LED

to LED or can be custom per LED in a module.

[0024] The reflectors are made of a dimensionally stable plastic or other moldable
material to allow for maximum temperature operation and to minimize misalignment
due to differing coefficients of linear expansion between the reflector and the LED
engine. The material has dimensional stability, has a low coefficient of thermal
expansion, and has a very wide temperature of operation and it meets all the

requirements for stability and temperature that we needed in our LED light.

[0025] The reflectors are base coated, vacuum metalized (aluminum or other metal
coating or coatings that offer the highest optical reflection with minimal losses) and
top coated with a protective plastic or organic coating to yield a surface with high

reflectivity, i.e., typically above 85%.

RECTIFIED SHEET (RULE 91.1)
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[0026] Each reflective element surrounds and collects light from each LED. The
reflector inside surface consists of optically reflective surfaces (coated with reflective
aluminum coatings) based on parabolic inside wall shapes. The reflector wall
design maximizes the amount of light collected and directed towards the road side
of the area below the fixture and minimizes the amount of light directed at the house
side, or area behind the fixture.

[0027] An example of an optics module containing twelve LED reflectors (or the
module can be based on any number of LEDs from 1 to any higher value) allows for

modularity and to reduce assembly time during manufacturing and LED light

assembly.

[0028] FIG. 14 shows a LED engine circuit board 500. The LED spacing is 24mm
center to center and Is staggered to eliminate cross heating between LED’s while
keeping the board as compact as possible. On the surface of the circuit board, in
the direction of the roadway the rows of LED’s are spaced 15 mm apart and in the
direction perpendicular to the roadway the rows of LED’s are spaced 20mm apart.
With the staggered pattern the LED’s spaced in the direction of the roadway are
30mm apart in that direction from the next LED in that row. The LED’s spaced in the
direction perpendicular to the roadway are 40 mm apart in that direction from the
next LED in that row. The circuit board is 488 mm in length by 82mm in width. Only
the required number of LEDs need to be populated to accommodate the number of
optical modules required. Alternatively, individual circuit boards may be provided for
each optical module if a full configuration is not required.

[0029] Copper is left in the spaces between the traces and pads to allow for more
thermal mass to remove heat away from LED’s. Low profile, surface mount poke-in
connectors are used for ease of connection and modularity. Organic Solder
Preservative (OSP) finish is used for maximum protection of copper surfaces and
best solder adhesion. Boards have stepped mounting holes to serve as locator
holes for the optics as well as mounting holes. Pad sizes are optimized for highest

level of placement accuracy.

[0030] Zener diodes are paralleled with each LED to provide burnout protection and

allow the string to keep operating if an LED should burn out. The Zener voltage is

.8.
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6.2V so that the Zener does not prematurely turn on from the normal voltage
required by the LED's, but low enough to have minimal effect on the voltage of the
string if an LED burns out. The Zener is 3W to be able to handle the power of either
TW or 2W LED's and use the power mite package which provides a small foot print
and lowest profile. However, we do not see this applied in our competitor’s lights. It
adds a level of bypass for the current should an LED fail and is a feature that adds
performance reliability to the LED light fixture.

[0031] Figure 15 shows a lighting distribution from and LED 802 by a reflector 810
through a refractor lens 812. The lens enables the light output 1500 to be directed
towards a desired illumination location. Each lens profile provides different light

output to cover the desired illumination surface.

[0032] As shown in Figure 16a, a curvature of a lens element is defined in the
longitudinal plane (C1 & C2). In Figure 16b, a curvature of a lens element in the
traverse plane (C3 & C4) is shown. There are four main curvatures which can be
manipulated in order to control or adjust the performance of the optical output, 2 in
the Longitudinal Plane (C1 & C2) and 2 in the Transverse Plane (C3 & C4). A
shown In figure 16a, C1 curvature controls the spread of the light main throwing
direction and C2 curvature controls the amount of throw generated by the optical
element. As shown in figure 16b, C3 curvature controls the width of the street side
portion of the distribution. Adjusting this curvature directly changes the IESNA
distribution Type produced by the fixture. C4 curvature allows for the control of

undesirable back light, or light directed at the house side area below and behind the

fixture.

[0033] There are three basic iens elements in the set of twelve. In each, the
curvature (C1 thru C4) is defined differently as depicted in the Figures 17-22. The
refractive elements are oriented to generate the desired pattern. The orientation

variations are repeated to align with the reflector modules to maintain modularity of
the optics.

[0034] Lenses 1 & 2 (1101, 1102), as shown in Figure 17, is divided by a longitudinal
and transverse planes as shown in Figures 18A and 18B respectively. In the

longitudinal plane the lens 1700 has a curvature of approximately 4 mm radius at

-9g.
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the front section and a 60 mm radius in the tailing section. In the transverse plane,
the lens has a curvature of approximately 5.25 mm radius at an angie of
approximately 20°, 2.5 mm radius and 50 mm radius at the mid-section and 1mm

radius at an angle of approximately 110° external angle.

[0035] Lenses 3 thru 5 (1103-1105), as shown in Figure 19, is divided by a
longitudinal and transverse planes as shown in Figures 20A and 20B respectively.
In the longitudinal plane the lens 1900 has a curvature of approximately 2 mm
radius in a front section and 100 mm radius in the tailing section. In the transverse

plane, the lens has a curvature of approximately 2 mm and 50 mm, 60 mm and 2
mm In radius.

[0036] Lenses 6 thru 12 (1106-1112), as shown in Figure 21, is divided by a
longitudinal and transverse planes as shown in Figures 22A and 22B respectively.
In the longitudinal plane the lens has a curvature of approximately 10mm and 60
mm in radius. In the transverse plane, the lens 2100 has a curvature in the
transverse direction of approximately 2mm radius with an internal angle of
approximately 110° at a front section, and 70 mm radius at a mid-section and a 2
mm radius at a tailing section with an internal angle of approximately 12°. As can
be seen In the drawings some of the profiles of the lens have been modified to fit

within the lens array. For example, lenses 9, 10, and 11 have a truncated C1 profile
to accommodate positioning within the array.

[0037] Acceptable dimensions of the single elements in the groups of lenses that
make up the 12 lens array, are given below in Length x Width x Height

Elements 1-2: 20.7mm x 21.6mm x 3.85mm
Elements 3-5: 29.6mm x 19.4mm x 3.95mm
Elements 6-12: 23.1mm x 23.0mm x 3.72mm

[0038] The Length and Width dimensions are driven by the height of the elements
and the curvature of each element as was previously defined. The dimensions may
be varied, however a slight variation approximately +/- 0.2mm to the curvature of the
elements is acceptable based upon overall design requirements. The dimensions of
the lens can be adjusted based upon the dimensions of the reflector cups. Although

a 12 lens configuration has been disclosed it should be understood any

- 10 -
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configuration comprising a muitiple of LED’s could be utilized.

[0039] Figure 23A-D shows views of an alternate lens cover of a illumination section.
The lens cover comprises a lens for each of the associated LED and reflector cups.
The lens covers are provided in pairs, 504c, 504d providing symmetrical lighting
patterns. Figure 23A shows the lens covers 504c, 504d from below, at an angle of
30° from the illumination plane. Figure 23B shows the lens covers 504c, 504d in a
flat configuration. Figure 23C shows the lens covers 504c¢, 504d from behind and
Figure 23D shows a perspective view of the lens. The molded lens cover is
designed with an optically modeled coliection of flat or curved facets intended to
generate a variety of different optical street patterns, i.e., such as IES Type |, Type
I, Type lll, Type VI and Type V.

[0040] The lenses are molded into the large lens cover so that the individual
refractor lenses sit right over the opening of each reflector cup. Transparent
polycarbonate or glass can also be used for this lens design. The refractive
elements consist of a combination of custom Fresnel surfaces towards the LED, and
a top lens which, in combination with the reflector, generates the desired illumination
pattern, 1.e., Type [, Type ll etc. The refractive elements are oriented to generate
the desired pattern. The orientation variations are repeated to align with the

reflector modules to maintain modularity of the optics.

[0041] It will be apparent to one skilled in the art that numerous modifications and
departures from the specific embodiments described herein may be made without

departing from the spirit and scope of the present disclosure.

- 11 -
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CLAIMS:

1. An optical module for use in a lighting fixture for providing illumination of a
plane, the optical module comprising:

a plurality of light emitting diodes (LEDs) mounted on a circuit boara;

5 a plurality of reflector cups, each reflector cup surrounding one of the
plurality of LEDs at a narrow first end and a larger opening at a second end
opposite the LED; and

a lens cover comprising a plurality of molded lenses for covering the plurality
of reflector cups, each of the plurality of lens of the lens cover positioned at

10 the second end of the reflector cups providing a refractor over the opening
of each reflector, wherein each of the plurality of lenses are oriented to
provide illumination towards the plane in a defined lighting pattern;

wherein the each of the plurality of molded lenses are oriented to provide
the defined light pattern and the cover comprises two or more blocks of

15 repeating lens patterns each providing the same light distribution pattern,
the lenses molded on an exterior of the lens cover towards the iHlumination
plane.

2. The optical module of claim 1 wherein the plurality of molded lenses are
configured to illuminate the plane when the optical module is oriented at 30
20 degrees towards a center line of the light fixture relative to the illumination
plane, the light fixture having at least two opposing optical modules distally
spaced on either side of a center section in a canopy of a light fixture, each

of an opposing optical modules illuminating opposite side of the plane.

3. The optical module of any one of claims 1 or 2 wherein repeating block
25 comprises twelve lenses each associated with one of the plurality of LEDs.
4. The optical module of any one of claims 1 to 3 where each lens cover

comprises four repeating blocks of lenses.

- 12-
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The optical module of any one of claims 1 to 4 wherein the plurality of
molded lenses each comprise one of four curvature configurations, two on a
longitudinal plane and two on a transverse plane of the lens.

The optical module of claim 5 wherein each of twelve lens elements
comprises one of three defined configuration profiles in the longitudinal and
transverse planes.

The optical module of claim 6 wherein the one of the configuration profiles
comprises lenses having curvatures Iin a longitudinal direction of
approximately 10 mm and 60 mm in radius and having curvatures in a
transverse direction of approximately 2mm radius with an internal angle of
approximately 110° at a front section, and 70 mm radius at a mid-section

and a 2 mm radius at a talling section with an internal angle of
approximately 12°.

The optical module of claim 7 wherein dimensions of the lens are
approximately 23.1mm x 23.0mm x 3.72mm (Length x Width x Height).

The optical module of claim 6 wherein the one of the configuration profiles
comprises lenses having curvatures in a longitudinal direction of
approximately 2 mm radius in a front section and 100 mm radius in a tailing

section; and having curvatures in a transverse direction of approximately
2mm and 50 mm, 60mm and 2 mm in radius;

The optical module of claim 9 wherein dimensions of the lens are
approximately 29.6mm x 19.4mm x 3.95mm (Length x Width x Height).

The optical module of claim 6 wherein the one of the configuration profiles
comprises lenses having curvatures in a longitudinal direction of
approximately 4 mm radius at a front section and a 60 mm radius in a tailing
section and having curvatures in a transverse direction of approximately
5.25 mm radius at an angle of approximately 20°, 2.5 mm radius and 50

- 13-
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mm radius at a mid-section and 1mm radius at an angle of approximately
110° external angle.

The optical module of claim 11 wherein dimensions of the lens are
approximately 20.7mm x 21.6mm x 3.85mm (Length x Width x Height).

The optical module of any one of claims 8, 10 and 12 wherein the
dimensions are +/- 0.2 mm

The optical module of any one of claims 1 and 13 wherein the molded lens
has flat or curved facets.

The optical module of claim 1 wherein the lighting fixture interfaces with a
cobra head mount.

The optical module of any one of claims 1 to 15 wherein a IES Type i
illumination pattern is provided. '

The optical module of any one of claims 1 to 16 wherein the refractor is a
spherical non-symmetric refractor lens. ’

The optical module of any one of claims 1 to 17 wherein each of the
reflector cups have a shape comprising parabolas, ellipses, compound
parabolic concentrators and compound elliptical reflectors.

The optical module of any one of claims 1 to 18 wherein each of the
reflector cups have an inside surface comprising optically reflective surface.

The optical module of claim 19 wherein each of the reflector cups are made
of a dimensionally stable plastic.

The optical module of claim 20 wherein the reflector is base coated with a
vacuum metalized aluminum coating and a top coating of a protective plastic
or organic coating to yield a surface with 85% or more reflectivity.

_14-
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22. The optical module of any one of claims 1 to 21 wherein refractor lens cover
IS made of acrylic, transparent polycarbonate or glass.
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