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Abstract

This report documents results of testing LED and HPS street lights to determine if they meet
AASHTO standards for illumination of roadways. Two power levels of LED, Everlight LED,
and traditional high pressure sodium (HPS) street lights were tested and compared to AASHTO
roadway illuminance specifications. Each light was tested for road level illuminance, power
consumption, and light spectrum at all possible settings with a 120 volt supply. A grid 40 feet
along the roadway by 30 feet (20 feet across the roadway and 10 feet beside the roadway) was
used for the illuminance testing. The light was mounted at a 10 foot height with the center of
light located on one end of the 40 foot dimension and 20 feet from one side of the 30 foot
dimension. Measurement points were set up at 2 foot intervals on radial lines from the center of
light spaced 15 degrees apart. The results showed that LED street lights provide predominantly
blue spectrum light with less than half the illuminance of HPS street lights, but at 20% to 75% of
the power consumption. These findings suggest that LED street lights need improvement in

illuminance and quality before these lights are recommended for use on Alaskan roadways.
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Summary of Findings

The ultimate question that this project seeks to answer is, “Can LED street lights provide usable
and safe illumination of Alaska roadways based on AASHTO standards?” The results of this
project showed that LED street lights can provide usable light with much lower energy
consumption than HPS street lights, but at light intensities much less than HPS street lights.
However, in many applications LED street lights would need to be spaced closer together than
HPS lights in order to meet AASHTO standards for illumination of roadways for various surface
types. Additional testing of the light spectrum indicates that LED street lights tested have a
predominantly blue spectrum, yet are considered a white light. Visual observations by the
researchers on this project suggest that the LED light quality is such that it causes reflections that
make it difficult to see objects clearly, particularly for those wearing glasses and possibly due to
ultraviolet coating on the lenses. These findings suggest that LED street lights need
improvement in illuminance and color quality before they are considered as strict replacements

for HPS street lights.



CHAPTER 1 - INTRODUCTION AND RESEARCH APPROACH

Problem Statement and Research Objective

AKDOT&PF has a specific research need for evaluating the level and quality of light
produced from LED based street lighting. Street lights use a lot of energy, especially when
nights are more than 12 hours long. Communities in Alaska are exploring how light-emitting
diode (LED) technology, already popular in many devices, from flashlights to electronic
billboards, might be applied to city-wide lighting systems. Some researchers and roadway
lighting professionals suggest that under ideal conditions, an LED system might save 50% to
75% more energy than a traditional streetlight system [1-2]. Corresponding with the specific
research needs of AKDOT&PF and to verify the findings of other researchers and lighting
professionals on the viability of LED technology for roadway lighting, the UAF INE team, led

by Professor Richard Wies, will address the following specific project objectives:

1) Determine if LED based street lighting meets American Association of State Highway and
Transportation Officials AASHTO roadway illuminance standards [3] by monitoring and

recording the illuminance on a defined roadway grid.

2) Determine the relative energy use and color quality of LED based street lighting by

monitoring and recording the power consumption and photometric light color spectrum.

3) Explore the possibilities of replacing traditional high-pressure sodium (HPS) street lights

in urban areas of Alaska with LED based street lights through measurement comparisons.

Scope of Study

The cities of Fairbanks, North Pole, Anchorage and a few other smaller communities in
Alaska have already started to replace conventional HPS street lights with LED street lights
under the premise that there is considerable energy savings, in some cases as much as 75%.
However, it is known that the light output levels from radiated light (illuminance) of the LED
based street lights are about 1/3 to 1/2 of that of the HPS lights. What is not known are the
quality, the spectrum, and the longevity of LED lighting. Individual LED lights can be designed
and light diffused to create specific spectrums and patterns of light, but for some individuals the
light spectrum could impact their ability to clearly see objects in the roadway. The benefit of

LEDs is that the spectrum and pattern of light can be tuned for the specific application. This



project workplan seeks to answer those questions for the AKDOT&PF which needs research
support in determining if current LED street lighting technology meets AASHTO national
roadway illuminance standards. Results from this research will aid the AKDOT&PF in
determining if current and future LED street lighting technology meets these national standards
and can be safely used on Alaskan highways and city streets. This workplan will result in the
following benefits to the State of Alaska: (1) improve the safety of passengers on Alaska
roadways, and (2) decrease the long term costs through the use of street lighting which meets

AASHTO national roadway illuminance standards.

Expected outcomes from this workplan are: (1) a review of current LED street lighting
technology and research in the field, (2) a review of current AASHTO national roadway
illuminance standards, and (3) a measurement and visibility based determination of the level and
quality of light produced from LED based street lighting in comparison to HPS lights to

determine if it meets AASHTO national roadway illuminance standards.

Under the right conditions, LEDs can have a longer performance life. In general, the devices
tend to be less fragile, and they switch on and off quickly. Many believe LED technology is the
next step, after fluorescents, in efficient indoor lighting for the United States. And now LED
lighting technology has pushed its way into the street lighting market in an attempt to replace
high pressure sodium HPS lamps. But converting an entire existing street lighting system to
LED’s isn’t as simple as switching out a bulb; LED’s require entirely different circuitry and
power supply designs. LED systems are more sensitive to changes in power supply. Just
installing the new equipment can cost a city several million dollars in immediate capital costs. In
warm environments (XX — XXF) LED light systems can overheat, burning out circuitry and
requiring frequent, expensive repairs. Alaska may have an advantage here; our lower

environmental temperatures may be ideal for LEDs.

Another concern is how much light LED’s actually shed on a city street. In some places that
have adopted them, people perceive that the LED’s produce less light than the old lamps, and the
light available does not improve visibility as well. Light emitted by an LED fixture produces a
much smaller “circle” of light than HPS lamps; some argue that this will require more lights

placed closer together, increasing capital and energy costs.



Research Approach

Pursuant to the research need described above, the UAF team, lead by Professor Richard
Wies revised its previous workplan on the project conducted in collaboration with UAA entitled
Economical Analysis of Alaskan Street Lights by Using Light-Emitting Diode (LED)
Technology to focus specifically on comparing HPS street lights and LED street lights. We also
performed a literature search of previous testing results and past experiences with visual

monitoring and physical measurements of LED street lighting technology.

The testing was conducted on the HPS and LED street lights using the Illumination
Engineering Society IES LM-79 standards [4] and included:

1) illuminance (foot-candles) at various points along a radial surface grid (the grid should
cover at least 4 times the light mounting height down the road from the light and 2 times
the mounting height across the road and 1 times the mounting height on the sidewalk

side).

2) visible light spectrum (color) using a photometer. This information is pertinent to

evaluation of color perception and psychological impacts under LED light.
3) pattern recognition by camera and visual (quality) observations, and
4) power consumption (watts) with a wattmeter.

Street lights to be compared include a IES Type II 150 watt HPS, a IES Type III 250 watt
HPS, two power levels of IES Type II LED, and two power levels of IES Type III illuminaires
that manufacturers claim to provide acceptable illuminance based on the IES and the
International Commission on Illumination or Commission Internationale de 1'Eclairage CIE
photopic light spectrum standards which are currently used by AASHTO. The normalized
photopic light spectrum shown in black in Figure 1 [5] below is the cone-activated response of
the human eye to well-lit conditions between wavelengths of 380 and 780 nm based on the CIE
1931 colorimetric observer standard [1, 3, & 6]. The normalized scotopic light spectrum shown
in green in Figure 1 [5] is the rod-activated response of the human eye in low-level light (civil
twilight). In this study the photopic light spectrum was used for the illuminance measurements

based on IES and CIE specifications for roadway lighting, while the light spectrum
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Figure 1: Normalized photopic (black) and scotopic (green) light spectrums. [5] The photopic
light spectrum includes the CIE 1931 standard [6] (solid), the Judd-Vos 1978 modified data [7-9]
(dashed), and the Sharpe, Stockman, Jagla & Jagle 2005 data [10] (dotted). (Adapted from [5])

measurements include both photopic and scotopic weightings at each wavelength based on the

specifications of the spectroradiometer.

Street Light llluminance, Power Consumption, and Spectrum Measurement Setup

Our testing facility is in the Mineral Industry Research Lab MIRL garage at the Alaska
Center for Energy and Power. This is a high bay facility so we configured the lights at a 10 foot
elevation above the garage floor similar to the actual street application. The light was mounted
at a 10 foot height with the center of light located on one end of the 40 foot dimension, 20 feet
from the road side and 10 feet from the pedestrian path side of the 30 foot dimension.
Measurement points were set up at 2 foot intervals on radial lines from the center of light spaced

15 degrees apart as illustrated in Figure 2.

The illuminance measurements in footcandles recorded using the Extech HD450 NIST calibrated
illuminance meter were used to determine whether HPS street lighting systems retrofitted with
LED illuminaires will meet AASHTO minimum standards for roadway illuminance in
footcandles provided in [3, Table 3-5a] (see Appendix A, page 20). The lighting test
arrangement includes the most common lighting layouts (mounting height, spacing, and lateral

offset) found in the lighting systems the city of Fairbanks is planning to retro-fit with LED



streetlights. The power consumption measurements recorded using the Fluke 43B power quality
analyzer were used to determine the energy savings due to using the LED street lights rather than
HPS street lights. The light spectrum measurements recorded in W/m?” using an Apogee PS-300
specification sheets for the Extech HD450 light meter, Fluke 43B power analyzer, and Apogee
PS-300 spectroradiometer are shown in Appendix A2, A3, and A4, respectively.

Street Light llurninance Measurement Grid
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Two formats of Beta Generation B Type III LED street lights (40 and 60 LED) with three
driver settings each used in the current pilot study in Fairbanks, a American Electric Lighting
250W HPS, and a General Electric 250W HPS street light were made available for testing as
provided by the City of Fairbanks Public Works and Facilities through Phil Sanders, Fairbanks
Facilities Manager and LED Street Light Project manager. Fairbanks is looking to replace over
2900 HPS street lights with LED street lights in Fairbanks and North Pole with a $3.31M grant
through the Highway and Bridge Stimulus Contingency Project funds. The city is looking for
empirical data in order to specify and verify that the LED street lights meet the required
standards before ordering the replacement lights. Two Everlight Americas IES Type II LED
street lights in the (90 to 100 W) and (120 to 145 W) range were sent directly to the university
from Everlight Americas Inc, and were also tested as part of this study. The manufacturer’s
specifications sheets for the four different lights tested are provided in Appendix A.

The street lights were configured to operate off of 120V single-phase AC, which was readily
available at the testing location. A 120V to 240V 1 kVA transformer was used to drive the
HPS250 which requires 240V to fire the ignitor in the configuration provided. The quantitative
and qualitative results of this testing summarized in the following sections provided the data
necessary to assess the current LED street light technology and compare with HPS street lights

and document their performance versus the HPS street lights for this application.



CHAPTER 2 - FINDINGS

LED and HPS Street Light Testing Results

The following sections document the results of testing the photopic illuminance, power

consumption, and light spectrum of LED and HPS street lights.

Photopic Illuminance and Power Consumption Results
The photopic illuminance results were recorded in Tables II-XI a) in Appendix B on pages

47,49, ..., 65 for the LED and HPS based street lights using the Extech HD450 NIST calibrated
illuminance meter at the measurement points located at the floor level within the grid specified in
Figure 2. Stray light measurements taken using the 40 fc range before the initial test with all the
illuminaires turned off in the garage indicated 0.00 fc at the floor level at all measurement points
on the grid. The power consumption and power quality measurements were recorded in Tables
II-XI b) in Appendix B on pages 47, 49, ..., 65 at the start, middle and end of each test using the
Fluke 43B power quality analyzer. In addition to the illuminance measurements taken at the
floor level, illuminance measurements were also taken at heights of 2, 4, and 6 feet above the
floor at measurement points set up at 4 foot intervals on radial lines from the center of light
spaced 45 degrees apart on the same measurement grid shown in Figure 2, but with fewer points.
These results are documented in Tables II-XI ¢) in Appendix B on pages 48, 50, ..., 66. Note
that the range on the illuminance meter was increased to 400 fc for some of the measurement
points, particularly for the 2, 4, and 6 feet heights above the floor and the higher intensity HPS
lights, since the illuminance values exceeded the 40 fc range. These points are indicated by an

asterisks (*) in Tables I1-XI c).

In order to provide a good visual representation of the illuminance results over the
measurement grid at the floor level as tabulated in Tables II-XI a), a series of color filled contour
plots shown in Figures 3-12 in Appendix C on pages 68-77 were constructed to show the lines of
isoilluminance at the floor level. A color map scaled from 0 to 40 fc (the next nearest 5 fc to the
maximum for all lights tested) is provided to the right of each contour plot to show the
illuminance level (not the actual color of the light). A datatip is also included on each plot
indicating the position <x, y> in feet from the center of light and illuminance <z> in footcandles

at the center of light <0, 0> point on the grid.



For the measurements taken at the floor level (0 ft) and 2, 4, and 6 feet heights as tabulated in
Tables II-XI a) and c¢), a series of surface plots were constructed as shown in Figures 13-22 in
Appendix C on pages 78-87. Each figure shows the 0, 2, 4, and 6 feet height illuminance results
for each light tested at the specific driver setting (Beta LEDs only) on the measurement grid in
Figure 2. The z axis range (measured in footcandles) on each of the four plots (a-d) in each
figure are 40, 60, 100, and 225, respectively, based on the next nearest 5 to the maximum value
of all lights tested. A color map scaled from 0 to 225 fc is provided next to each surface plot to
show the illuminance (not the actual color of the light). A datatip is also included on each plot
indicating the position <x, y> in feet from the center of light and illuminance <z> in footcandles
of the highest illuminance value within the measurement grid. Note that this is not always at the

center of light <0, 0> point on the grid.

In order to assess the illuminance levels of the street lights at heights commonly used on
local roadways, the surface level measurements with the light at a height of 10 ft were translated
to measurement grids for heights of 20 ft and 30 ft. This was accomplished by creating 1/r*2 and
negative exponential curve fits to radial distance vs. illuminance data along each of the radial
lines for the HPS and LED street light, respectively. The new measurement grids were setup to
cover at least 4 times the light mounting height down the road from the light and 2 times the
mounting height across the road and 1 times the mounting height on the sidewalk side as
described in the research approach. A series of color filled contour plots shown in Figures 23-
32 in Appendix C on pages 88-97 were constructed to show the lines of isoilluminance at the
floor level for light mounting heights of a) 20 ft and b) 30 ft. A color map scaled from 0 to 40 fc
(the next nearest 5 fc to the maximum for all lights tested at the 10 foot height) is provided to the
right of each contour plot to show the illuminance level (not the actual color of the light). A
datatip is also included on each plot indicating the illuminance <z> in footcandles at the center of

light <0, 0> point on the grid.

Light Spectrum Results
The light spectrum plots shown in Figures 33-39 in Appendix D on pages 99-105 were

recorded in Watts/meter” across the visible photopic light spectrum (380 nm to 780 nm) for the
LED and HPS based street lights using the Apogee PS-300 spectroradiometer. A color map
scaled from 0 to 40 fc (the next nearest 5 fc to the maximum for all lights tested) is provided

below each plot to show the actual colors across the light spectrum. The eye of the



spectroradiometer was located at the floor for HPS lights and 6 feet level for LED lights at the
center of light in Figure 2 in order to achieve a scalable power spectral density for the lower

lumen output of the LED lights on the Apogee PS-300 computer interface.

The spectral power density values recorded at each wavelength were converted to
footcandles for the plots and the total illuminous flux over the visible photopic light spectrum
(printed in the title for each plot) was calculated using Equation 1 [5],

= Equation 1
10.764ft2/m? 10.764t2/m? a

where FC is the total illuminous flux [footcandles] over the visible photopic light spectrum, 3(1)

is the discrete value of the normalized luminosity function (< 1) at the given wavelength based

on the CIE 1931 photopic spectrum [6, 11], and J(1) is the discrete value of the power spectral

density [W/m?] at the given wavelength. The integral is simply calculated as the inner or dot
product of the luminosity function and the power spectral density vectors if the discrete values of
the power spectral density are known at specified wavelengths [12]. The 683.002 Im/W is the
conversion factor for the photopic spectrum [13]. This is determined by using the definition of a
lumen 683 Im per W of radiant energy at a frequency of 540 THz or 555.016 nm, and then
dividing 683 Im/W by luminosity function value y(x) =0.999997 at 555.016 nm [14].

Overall Analysis

The following sections contain analysis of the testing results for the photopic illuminance,

power consumption, and light spectrum of LED and HPS street lights.

Photopic llluminance Analysis
The photopic illuminance results for the Beta 40 LED light in Tables II-IV a) showed a ring

of higher level illuminance at 8 feet for the 0° and 15° radial lines, and 6 feet at 180° radial line,
but not larger than the illuminance at the center of light with a decaying exponential fit to the
radial distance vs. illuminance data along each of the radial lines from the center of light. The
Beta 60 LED light photopic illuminance results in Tables V-VII a) showed a ring of higher level
illuminance at 8 feet for the 0°, 15°, and 180° radial lines, but not larger than the illuminance at
the center of light with a decaying exponential fit to the radial distance vs. illuminance data

along each of the radial lines from the center of light. The Dolphin 90 LED light photopic



illuminance results in Table VIII a) showed rings of higher level illuminance than at the center of
light at 2 and 4 feet for all radial lines at and above 120° and 6 feet for all radial lines at and
above 135°, with the ring of the highest level of illuminance at 4 feet for all radial lines at and
above 135° on the roadway side of the grid with a relatively good 1/1"2 fit as expected to the
radial distance vs. illuminance data along each of the radial lines from the center of light. The
Dolphin 120 LED light photopic illuminance results in Table IX a) showed rings of higher level
illuminance than at the center of light at 2 feet and 4 feet for all radial lines at and above 120°,
but with the ring of the highest level of illuminance at 2 feet for all radial lines at and above 120°
on the roadway side of the grid with a relatively good 1/r"2 fit to the radial distance vs.

illuminance data along each of the radial lines from the center of light.

The HPS 150 light photopic illuminance results in Table X a) showed rings of higher level
illuminance than at the center of light at 2 feet for all radial lines at and above 135° and 4 feet for
all radial lines at and above 165°, with the ring of the highest level of illuminance at 2 feet for all
radial lines at and above 135° on the roadway side of the grid with a relatively good 1/12 fit to
the radial distance vs. illuminance data along each of the radial lines from the center of light.

The HPS 250 light photopic illuminance results in Table XI a) showed no rings of higher level
illuminance than at the center of light with the best 1/r2 fit to the radial distance vs. illuminance

data along each of the radial lines from the center of light.

While the Beta and Dolphin LED lights had more uniform light in terms of the illuminance
level at the same distance from the center of light on the roadway and sidewalk sides of the grid,
the illuminance values in footcandles were less than half of those at the same grid points for the
HPS lights. The HPS lights also tended to concentrate more of the light on the roadway side in
the traffic lanes as this was visually observed during the testing and is also easily observed by
looking at the illuminance values at the 10 feet mark on the 0° and 180° radial lines for the HPS
150 light in Tables X a). All of the lights tested were expected to have a 1/r2 fit with respect to
illuminance as a function of radial distance from the center of light along each radial line. The
best 1/r*2 illuminance vs. radial distance fit was for the HPS 250 with the HPS 150, Dolphin
120, and Dolphin 90 all fairly comparable, but not quite as good. The Beta LEDs all had more of
a decaying exponential illuminance vs. radial distance fit, but a translated 1/r*2 shape could be
observed in the data. The difference between the Beta LED and the Dolphin LED illuminance

vs. radial distance fit could be due to a number of factors, but is most likely due to the optics

10



used to direct the light from the LEDs to concentrate on specific areas of the surface like the
middle of traffic lanes. The difference between the HPS 150 and HPS 250 in terms of the 1/r*2
fit could be accounted for in terms of the shape of the lamp used in the fixture and the optics of
the lens which was flat glass in both instances. The HPS 150 used the LU150 with the shorter
oval ED23-1/2 lamp shape that tends to concentrate light at points close to, but not directly at the
center of light. The HPS 250 used the LU250 with the long cylindrical ED18 lamp shape that

illuminates more nearly along a 1/r*2 from the center of light.

Power Consumption Analysis
The power consumption results for the LED based street lights versus those for the HPS

based street lights in Tables II-IX b) and Tables X-XI b), respectively, show that the LED based
lights use 50% - 80% less power than the same HPS based light used in a specific roadway
lighting application. The Beta 40 LED light power consumption results in Tables II-IV b) show
that the light consumed as little as 22 W on the low driver setting and as much as 47 W on the
high driver setting. The Beta 60 LED light power consumption results in Tables V-VII b) show
that the light consumed as little as 98 W on the low driver setting and as much as 125 W on the
high driver setting. The Dolphin 90 and Dolphin 120 LED light power consumption results in
Tables VIII-IX b) show that the lights consumed about 90 W and 137 W, respectively. The HPS
150 and HPS 250 light power consumption results in Tables X-XI b) show that the lights
consumed about 194 W and 280 W, respectively. It was also observed that all the LED based
street lights consumed about 1 W more for a short period of time after starting up, while the HPS
lights tended to take about 10 minutes to warm up after startup consuming a higher level of
power and then dropping off as the testing time progressed. We tried to capture both scenarios in
the tabulated data, but when the test was conducted for the HPS 250, the light was already
warmed up from a previous test run. We did notice and document the warm up effect during that

test run.

Light Spectrum Analysis
The stray light spectrum shown in Figure 33 taken before the initial spectrum test with all the

illuminaires turned off in the garage indicated very low power spectral density values across the
photopic spectrum. The photopic power spectral density plots illustrate two important results

with respect to HPS and LED street lights. Examining Figures 34-36, the first important result is
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that the LED street lights have a significant amount of predominantly blue spectrum light
peaking around the 450 nm wavelength with a lower (about half) and relatively flat spectrum
across the green, yellow, orange, and red parts of the spectrum from 500 to 650 nm. Examining
Figures 37 and 39, the second important result is that the HPS street lights have spectral power
density peaks in the yellow, orange and red part of the spectrum as well as a significant peak
(double the visible spectrum peaks) of near infrared light around 820 nm. Figure 38 shows the
stray light spectrum measurements across the spectrum of data taken including the lower half of
the near infrared spectrum from 740 nm to 850 nm. The large power spectral density peak in the
near infrared spectrum for the HPS lights indicates a significant energy loss component

contributing to infrared radiation rather than visible light.

12



CHAPTER 3 - INTERPRETATION, APPRAISAL, AND APPLICATIONS

General Recommendations
AASHTO Standards

Based on the findings for photopic illuminance using the IES LM-79 testing standards [4] at
the road surface for on street light mounting heights of 10, 20, and 30 feet presented in Chapter
2, the LED street lights do not meet AASHTO roadway minimum photopic illuminance
standards as listed in Table 3-5a from Roadway Lighting Design Guide [3] (see Appendix Al).
In order to meet the standards the average illuminance along longitudinal lines in the middle of
the lanes over one luminaire cycle (distance between light poles on the same side of the road)
must be greater than the prescribed minimums for different classes and surfaces of roads using a

maximum of 25 ft between measurement points [3].

In our study the illuminance values at rectangular grids points at two feet intervals along four
longitudinal lines (two for each lane) at ’4 and % of the lane widths (12 feet) were interpolated
from the measured data at a 10 feet mounting height for mounting heights of 20 and 30 feet and

averaged to determine the average illuminance as listed in Table I below.

Table I: Average Illuminance on Two-Lane Roadway

Average Illuminance (fc)
[Nluminaire for Mounting Height

20 Feet 30 Feet
Beta 40 Low 0.1439 0.0593
Beta 40 Mid 0.2103 0.0853
Beta 40 High 0.2865 0.1189
Beta 60 Low 0.4951 0.2073
Beta 60 Mid 0.5202 0.2152
Beta 60 High 0.5530 0.2300
Dolphin 90 0.3737 0.1849
Dolphin 120 0.5536 0.2628
HPS 150 0.7290 0.3051
HPS 250 1.3354 0.5536

Our results indicate that the Beta 40 LED and Beta 60 LED on the low, mid, and high driver
setting and the Dolphin 90 and Dolphin 120 LED street lights do not meet the AASHTO
requirements for minimum average illuminance for local roadways for all land use (commericial,

intermediate, residential) and pavement types (R1-R4) at a 30 feet mounting height. The HPS
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150 only meets the residential land use minimum for R1 pavements, while the HPS 250
residential land use minimums for R1-R4 pavements and the intermediate land use minimum for
R1 pavements at the 30 feet mounting height. If the mounting height is lowered to 20 feet, the
Beta 40 LED street lights on the low, mid, and high driver settings do not meet the AASHTO
requirements for minimum average illuminance for local roadways for all land use and pavement
types. The Dolphin 90 meets the AASHTO requirement for local residential roadways with R1
pavement type, while the Dolphin 120 meets residential land use minimums for R1-R4
pavements and the intermediate land use minimum for R1 pavements at the 20 feet mounting
height. The HPS 150 and HPS 250 street lights exceed the AASHTO requirements for minimum
average illuminance for local roadways in all categories at the 20 feet mounting height, except

for the HPS 150 for commercial land use with R2-R4 pavement types.

Given the fact the HPS based street lights are providing more illuminance than the required
minimum average, another approach to energy savings could be the reduction in the supply
voltage level and even replacing higher wattage HPS fixtures with lower wattage ones. The
distance between light poles for a local Fairbanks roadway would need to be decreased by as
much as 1/3 for light mounting heights of 30 feet in order for the LED based street lights tested
to meet all the minimum average illuminance standards for local roadways for all land use and
road pavement types. Also note that this does not take into account the degradation in the
illuminance of the LEDs over time, so for design purposes a safety factor of say 1/2 the current
distance between poles might need to be used for LED street lights and/or mounted at a lower

height.

Power Consumption and Energy Savings Potential
The energy savings potential of LED street lights can be determined based on simple

payback relative to the cost of continuing to operate and maintain the existing HPS street lights
versus capital and installation replacement and operating costs for the LED street lights. Let’s

consider the scenario of replacing 1000 HPS 150 street lights with Beta 60 LED street lights on
the high driver setting as tested at a cost of $1000 each, with $100 per light in installation costs
and a 36% reduction in power consumption from 195 W to 125 W. Let us also assume that the
HPS lamp and LED light bar replacement schedule is roughly the same in economic terms. For
electricity costs at $0.15 per kW-hr and considering a daily average operating time of 12 hours

based on summer and winter daylight hours, the annual electricity costs savings is:
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Annual COE Savings = (COEgps — COEgp)*1000 =
($0.15/kW-hr)(0.195 kW — 0.125 kW) * 8760 hr/2 *1000 = ($128.12 - $82.13)*1000 =
$45.99 * 1000 = $45,990.00

If we first assume that the lights can be mounted on the existing poles without the need to add
additional poles to decrease the distance between illuminaires and interest free money (grant or
part of the cities capital budget), then the total capital cost to replace the HPS street lights with
LED street lights is:

Replacement Costs = (Capital Cost + Installation Cost)*1000 = ($1000+$100)*1000 =
$1100*1000 = $1.1M

The simple payback based solely on annual electricity savings is:
Simple Payback = Annual COE Savings/Replacement Costs = $1.1M/$45.99k = 23 years

There is no need to even pursue further payback analysis including the cost of adding additional

poles or including interest as the payback will only increase in years.

Of course we could also argue that the carbon footprint is reduced by 36% based on the energy
savings, but if the carbon footprint of manufacturing the new LED street lights and installing
additional poles is considered, then that would also cancel out the carbon footprint reduction due

to energy savings.

Color Spectrum
The predominantly blue color spectrum and the quality of the light from LED street lights

observed during the testing also raises concerns. The predominantly blue spectrum light at a
shorter wavelength and higher color temperatures tends to cause visually impairing reflections
and halos around objects for those wearing prescription glasses. This is most likely due to
ultraviolet protective coating used on the lenses causing greater refraction of the shorter
wavelength light from the lenses. Although the blue color spectrum tends to be the better light
from a psychological “happy” perspective, close attention needs to be paid to the color
temperature of the light. Using a lower color temperature of say 3800K versus 4000K or 5S000K
for the shorter wavelength light could improve the quality of the light from LEDs for

illumination purposes.
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CHAPTER 4 - CONCLUSIONS AND SUGGESTED RESEARCH

Conclusions

This report documented the findings, analysis, and interpretation of testing LED street lights

using IES LM-79 standards for road level photopic illuminance, power consumption, and light

spectrum to support AKDOTSs recommendations concerning their application on Alaska

roadways. Two power levels of Beta LED, Everlight LED, and traditional high pressure sodium

(HPS) street lights were tested and compared to AASHTO roadway illuminance specifications.

The results showed that LED street lights provide predominantly blue spectrum light with less

than half the illuminance of HPS street lights, but at 20% to 75% of the power consumption.

Three distinct conclusions can be drawn from these findings:

Y

2)

3)

Two of the LED street lights tested (Beta 40 and Dolphin 90) need improvement in
minimum average illuminance along the roadway in order to meet AASHTO standards.
This would mean that the Beta 40 LED light would need to operate on the high driver
setting and that we would need to install a Dolphin 120 LED light at a minimum to avoid

the need to space the poles closer together.

The marked decrease in power consumption achieved by performing a strict replacement
of an HPS street light with an LED street light that meets AASHTO standards given the
current pole placement provides a considerable reduction in annual electricity costs.
However, the simple payback given the capital and installation cost of the LED lamps has
been shown to exceed 20 years given 1000 lamps at $1100 each including installation and

a $0.15/ kW-hr energy cost.

Reduction in the color temperature of LED street lights is needed to help alleviate the
reflection or halo effect that researchers on this project and others observed with the 4000
K or 5000 K color temperature of the shorter wavelength blue spectrum light. This is
particularly an issue for those wearing prescription glasses with ultraviolet protective

coating that refracts more of the shorter wavelength light.

In general these findings suggest that LED street lights need improvement in illuminance and

color quality before they are considered as strict replacements for HPS street lights. To that end,
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increased illuminance will likely require the use of more LEDS resulting in higher power

consumption and less energy savings over continuing to use the HPS street lights.

Suggested Research

Further investigation and testing in the area of LED street lighting should be conducted as

follows:

1) The testing procedures for LED street lights with a significantly different light color
spectrum than HPS lights are slightly different than HPS lights. Consequently, there is a
need to evaluate the scotopic and photopic spectrums independently of each other as
documented in [1]. The IES is currently working on solid-state lighting addendums to
RP-16-05: Nomenclature and Definitions for Illuminating Engineering as part of the IES
LM-69-95 (CIE TC1-69): IES Approved Guide for the Interpretation of Roadway
Luminaire Photometric Reports that includes light quality (scotopic vs. photopic
spectrum and temperature) as part of the procedures for LED roadway lighting.
AASHTO is also planning to change its national standards to accommodate LED street
lighting.

2) The new Beta Edge and other brands of LED street lights with the IES Type III light

engine should be evaluated using the new testing procedures and standards to determine

if they meet AASHTO minimum average illuminance and light quality standards.

3) Professional studies of the effect LED roadway lighting on vision due to the shorter
wavelength light in the blue spectrum should continue so that more cases of impaired
vision can be documented and adjustments made to the color quality of LED street

lighting.

4) Investigate the possibility of lowering the power consumption of existing HPS street

lights by reducing the supply voltage and/or lamp wattage.
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APPENDIX A: AASHTO Roadway Lighting Design llluminance Values; Street
Lights, Light Meter, Power Meter, and Spectraradiometer Specification and Data
Sheets

AASHTO Roadway Lighting Design Guide, Table 3-5a: Illuminance and Luminance
Design Values (English)

Street Light Data/Specification Sheets:

Beta 40 LED (BXSL03034B-UR)

Beta 60 LED (BXSL03051B-VR)

Everlight Americas Dolphin 90 (SL-Dolphin/100240AC/PH90B)

Everlight Americas Dolphin 120 (SL-Dolphin/100240AC/PH120B)
American Electric Lighting 115 HPS (115-15-S-MR-240-R2-FG-DF-HP-UL)
General Electric M-400A HPS (MDCL-25-S-3-A-1-2-F-MC3-2-FU)

Light Meter, Power Analyzer, and Spectroradiometer Data/Specification Sheets:

Extech HD450 Light Meter Specification/Data Sheet
Fluke 43B Power Quality Analyzer Specification/Data Sheet
Apogee PS-300 Spectroradiometer Specification/Data Sheet
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AASHTO Roadway Lighting Design Guide, Table 3-5a: Illuminance and Luminance Design Values (English)

TABLE 3-5a.

llluminance and Luminance Design Values (English)

wagq SumySry Kompooy

[
i

I Additional
Numinance Method Luminance Method Values |
Roadway O (roth Mamods) ||
and Light Sources Average Mai . - . Average Maintained Lumi Veiling |
Walkway i iformity Ratio ! Ratio |
Clas: ation R1 R2 A3 R4 Lavo Uniformity
iteot candies) | {1oof candios) | (toot candes] | (foot candics) oot candics) aegimin cdfmir LavgiLmin Lmax/Lmin Lv(max)|fLavy
; Genersl Land Use {min) {min) fminy (min} (max) (5) tonin) fmem ima (ruany
|Principal Arterials |
Interstate and other freeways Commarclal TR RN 06 w14 08 1 [TX "R 0.2 31 or 40 04w 1.0 3.5 &1 [E:R] i
Intermedi; 6 0g LLREN-E] 0f 1o 09 06w as LEd &1 oo 41 04 a0 3.5:1 B.1 0.3.1 i
Rasirential 0.6 o 0.8 0 o 08 08 ta 0.8 05 1o 08 0.2 31 or 41 0.4 to 0.6 3.5:1 61 031 |
Other Principal Arteriais| Commercial 11 16 16 14 a1 12 A 51 031
{partial ar no control of [rre——— 7 & 12 "0 P 0s . a1
| Regidential 0.6 0. 0.8 0.5 31 06 3.501 031
EMII‘lnr Arterlals Commercial ne 1.4 1.4 1.0 41 12 31 5.1 031 |
| Intarmediata 0g 1.0 1.0 0.0 41 0g £ £:1 0.3:1
| Resldential 05 0.7 0.7 0.7 a1 06 3.5 61 0.3:1 |
|Collectors Commarclal 0.8 1.1 1.4 0.5 z 41 0 a1 5:9 0.4:1
i Intermadiata 0.6 0.0 0.6 0.8 5 41 0.6 3.5 6:1 D4 |
| Fiealdantiol 04 0.6 0.6 0.5 g 41 0.4 41 8:1 0.4:1
|Local Commarchal 0.6 0.8 08 1.8 = B:1 06 &1 (5] 0.4:1
Intermadiate 0.5 0.7 0.7 0.6 g Bt 05 5:1 10.1 0.4.1
Residantial 0.3 0.4 0.4 o4 :_,. [ 0.3 3 10:1 2.4:1
Alleys Commerzial 0.4 0.E 06 0s g &1 0.4 51 10:1 0.4:1 |
Intermediate o3 04 na 0.4 61 na L] 10 nd 1
Residential 0.2 X 0.3 0.3 51 0z 601 10:1 0.4:1
|Sidewalks Commarcial 0.3 1.3 1.3 1.2 31
| Intermediate 0.5 0.8 0.3 0.8 a4t
i esigential e g PP Py o Use illuminance reguirsmenls
|
|Pedestrian Ways and Bicycle Ways A 14 2.0 20 e 31
Notes: 1. Meot either the Nluminance design method requisements or the Luminance design method requirsments ard meet veiing luminance requirments for bath the lluminance and the Luminance design methods |
2. Assumes a separate faciity. For Pedestrian Ways and Dicycle Ways adiacent fo roadway, use roadway design valuss. Use RD requirements for walkway'bikeway surface materials other than the pavement types =hown. l
Otrer design yuidelines such a5 ESMA o CIE my e s for pedestrin wiyss o Likeswerys whien desred spproprile.
A Lvimax) reers 10 M@ MANMLUM POIM A/0ng M8 PAVEMant, Not a Maxmum in 1amp e,  1he Manienance Faclor SpRiIes 1o BOIN he Ly 19 and e Lavg 1enm.
) 4

There may be sitvations when a haher level of illumsnance s pstified. The higher valusa for freaways may De justilied when deemad advanlagecus by he agency 1o miligale off-roadway sources.
Physical rcadway condifions may reguirs adustment of spacing determined from the base levels of ilumnance indicated above

Higlws unikurmity ratices ame mcmptable fo oevalad amps near bigh-mast paies {
See AASHTO putiication entited, *A Policy on Geometniz Design of Highways and Streets” for roadway and walkway classifieaions. |

NPpRP
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Beta 40 LED (BXSL03034B-UR) and Beta 60 LED (BXSL03051B-VR)

Street Light Specification/Data Sheets

way® Streetlight -

Type Il Medium

Rev. Dale: D4/15/10

Product Family  Optic Mounting #of LEDs LED Voltage Color Factory-Installed Options
{xi0} Series Options Piease type a0afional options In manuaily on the lines provided above.
STR WY O am' HT* oo [4 ouL Osv B 350 350mA Drive Curmant®
C13MB° Oos Universal Sivar! E 43K 4200 Color Temperatura®
oog 120-277V Ok O 700 700mA Drve Currant”
O uH Black! CIDIMS C-10V Dimming (S25mA maximum 2+
Universal sz O DIM? 010V Dimming (700mA maximum 3+
247480V Bromze* O  F Fussh
Ore B HL HULow {175/350/525, dual circult input)®
Plainum B N Mo Quick Disconnect Hamess or Laveling Buobla's
Branze* O PD Power Doort
CwH O R’ NEMA Photacall Receptacia™
Wwhita' E1 ¢ Door Sarsty Tatner™
Click hare for Uity option.
For anaiional options, 5es_|P6G spac shaet
Fooinotes

1. EESNA Type HI Medium distributlon

2. [ESHA Type HIl Med
3. Horlzonial ismon mowt
4

distribution with beckight control

& Cositrol by otmers

1 to Qmming pec shes for avallabllity and addiional
mation

. Light engine portion of exinsslon ks ot painied and will remaln 10. Mol avaflabie with HL oplion when UH voilags i selacted
matural alumisesm regardiess of color ssleciion

o

2 lower lsmien oulpet and @ longer e

11. When code @clates fusing wse Ome dalay fuse

DOriver operaies al 350ma Insiead of (he standard 525mA providing 12 Reser o MRILISYE) SDEC SNGE] for avaiahiiity and addtional

Imtormation

13. Standard product features uniess ¥ option ks speciied: door cips
nof Inciegen

14, All connecdions between door and fleiurs are soippesd unconnecied
from the factony; door release spring incleded fo open door
sulnmatically whan e fatches are reiaased

inge retaining clips not Ieuced as part of ihis optioa

jot avallabiz witn HL opiicn

Calor ismperature per il minlmum 70 CRl 17. Slalnless steal aoran cadis
DOrtver operaies st 7OOMA Instead of (e standard 525mA
providing a Righer lumen oulpel 2nd 2 shorier e

-

g | il Deimersd | g |y || (om0t || o | s Detivored | gy | | nmonn froett | B || | Svetem | Tl | Total | Total | System | Total | Totl L Hows
LEDs| Lumens - Type HI Medium w/ Backlight Lumens - Type Hl Madium w! Backfight Watts | Caument | Current | Gurrent | Wails | Current | Current | @ 25'C
Medium @ G0ODK Medium & 4300K 120-277V| @ 120 | @ 230V | @ 277V | 347400V @ 347V (@ BV | (TTF)
Tafing | Contral @ 6000 [Fafimg= Rating— | Comml @ 430K [Rgging
ISAmA Firture Operating at 267 C (77" F)

40 J4rei04) [1]1]1 2,259 (04) [IERE] 3,049 |D4' 1[1]1 2,287 (04) of1]1 A7 040 | 022 | 0220 a3 015 | 016 | 153,000
a0 4248 105) [2]2 3,184 [05) [IEAE 3,726 | HHEE 2,795 (D) [ E 4 053 | 029 | 0025 70 020 | 0019 | 141,000
60 5008 (06) [2[2]2 3,823 (D) 1[{2{1 4472 |UE 2[2]2 3,354 (DB} af1f1 ] 062 | 034 | 029 B1 023 | 020 | 131,000
40 4658 (04) [Z|2]2 3,403 (04) LIERE] 4,083 (04 !- DG4 (04) ot m 050 | 032 | 28 TG 022 | 0.2 | 96.000
] 5603 {05) ([2(2 4,770 (05) 2|1 4,003 (05) T 5 1]2]3 [ 040 | 042 | 038 101 029 | 034 | 85000
0 6,831 (06) [2[=2]z2 5,123 [06) 2|2 5,807 (D) (DE) 1[2]1] 113 094 | 050 | 042 118 034 | 077 | 79,000
40 5700 (04) ([2[2]2 4,275 (04) IEJE] 5,000 (4] |2]2]2 3,730 (04} 1[2]1 o 083 | 044 | 037 104 030 | 0.4 | 65,000
a0 6,967 (05) [2[2]2 5,225 [05) 1[2[2] 6311 (06 [2]2]2 4,583 (05} 1[2[1] 124 104 | 055 | 048 131 038 | 030 | 56,000
60 B361(06) [3[2]3 B6.270 [06) 1]3[2] 73233ioe) |2[2f2 5,500 [DE' 1]2]2] 146 123 | 064 | 054 154 044 | 034 | 50,000
* Uliizes magnetk step-down transtormer ** For recommended lumen deprecistion dats ses TD-13 *** For move Information on the IES BUG B:ckllunl Uullunt—"lam Ilalnc

— visi wikw k2snz DiiPDE Ematas TM-15-07 al

@ 2010 BetaLED®, a division of Ruud Lighting = 1200 92nd Sireel » Sturievant, W153177 « 800-236-6800 « awwlEDwaycom

Made in the U.5.A. of U.5. and imported paris.
E Meets Buy American requirements within the 4884
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LEDway® Streetlight — Type Il Mediu

Rev. Date: 04/15/10

General Deseription

Flxture noUsIng Is all aluminum construction. Stancard Titure ulimzes tarminal biocx for
powar Input sutable Tor #2—#14 AWGS wire and aperates at 525mA. Drive currant IS fieid
Switchanis on 440, 50 and &0 LED units (50 & 60 LED units requira twa drivers). Fixiure |s
dasigned o mount on 1.25 1P {1.675" 0.0.) and/or ° IP {2.375" 0.0.) horzantal tencn and
15 a0justable +/- 5 10 allow for fxturs laveding {Inclugas levaling Dubode to aid in this
procass). Fixturs carmies a imetso five year warranty.

Electrical

MiDOURr 025I0n 2ccommodalas vanad gnting output from RIgR power, whits, GO00K

[+/- SO0K per full Tlxture}, minimum 70 CAI, long Iite LED s0urces. 120-277W 50V60 Mz,
Class 1 LED drivers am standard. 347-480V 50/80 Hz option Is avallablo. LED drivars have
powsr Tactor »90% and THD <20% at full load. UnIts provided with integral 9KV surge
SUppression protection standard. Quick disconnsct Namess sultable Tor mata and break
under load provided an pawer faed to driver for sase of maintsnance. Surgs protactian
tasted In accordance with |EEE C62.41.2 and ANSI standard 62 41.2.

Field-Installed Accessories

Finish

Exciusive Cokrmast DertaGuarg® rinish reatures an E-Goat epoxy primer with an witra-
gurabia siiver powder topooat, providing excesent rasistance to corroskan, uitraviolet
degragztion and abrasion. Bronze, biack. whita and piatinum branze powdar topcoats are
also avaliable. The finish is coversd by our 10 yaar imitsg warranty.

Fixtura and finish are andurancs tasted to withstand 5,000 nours of elevatan amplant salt
o[ conditions 35 datined In ASTM Standard B 117,

Testing & Compliance

UL Hstod in tha U.5. and Canada for wet |ocations. Consult tactory for CE Certified
products. RoHS compllant. Mests CALTrans 611 \Vibration Tasting and GR-63-CORE
Sactlon 4.4.1/5.4.2 Eartnquaks Zona 4. Intarnational Dark-Sky Assoclation approved.

Patents
U.S. and International patents granted and panding. BatalED s & division of Ruud Lighting,
Inc. Far @ listing of Ruud Lighting, Inc. patants, visit Waw.uspto. ooy,

Bird Splkes for Light Engine
O ¥A-BROSPKGED

BIr SpIKes K 10F Housing
[DXA-BRDSFEHSE

Pholometrics

LEDway® EPA & Weighi Calculations

Approzimate
‘Welght 120-277v"
4060 LED flxtura 16.0 s
EPA
Horizontzl Tenon Meunt
1 fixure 0.685
EPA

Round External Mount / Square intemal Moont
Horizonial Tenons with FIxura(s)

FT/PD-1H Singia 0.905
PT/PD-2H{90) 90F Twin 1.149
PT/PD-2H{180)  1B0F Twin 1.590
Canglepower Trace: Vertical plans: throogh) Candlepawer Tracs: Vamical plang mmughi
ctznntas angie of maxmu canEmOweEL. 30" ™4 norzontal angk of madmum ¢ FI/PD-3H{20)  90° Tripie 1774
Independent Testing Laboralorles cerlified test. Fiepert No. Indepandni Tesling Laboraloriss cartiled test. Aeport No. FT/PD-3H(120) 120" Trigls 1590
ITLE3ZEE. Candlapower trace of GOOOK, 40 LED Type I Mediem ITLE4192. Cancliapawes trace of G00K. &0 LED Type [il Medium ET/PD-4H{90} a0° Quad 2178

siraetiight minaim with 4,696 inllal delivared emens
operating at S25mA. All pablishad luminalre phiometric
testing pertormed to IESNA LM-79-08 stangands.

Posison of vertical plase
O MMM Candlposer

sireatlight luminaire with backiight control and 3,178 Inltial
ceiverad lumens operaling at S25mA. All published luminake
photemelric tesiing periormed io BESNA LM-79-08 standanis.

g
g
B
=
5
&

60 B0

T ] A1 : ]
B 183 | —1 ’-—Tu'.',:“'\
a f ~ ar {1122
! i o { f P ‘\J>\' /\
20 / J’ k\ &1 2 &1
o om o om
E,‘-I.I’H \L[NL “‘-\ {.‘, / C{WHTLIE ]
o0 \- &1 20 | &l
] [ L~ 122 M4 MBS 122 & 0m &1 122 183 (e
F——
——
i ] 163
05 M4 183 22 & Om B 122 183 B4 WS

Izoipokcandie piol of GOOOK, B0 LED Type 1l Madium stresilight
luminziie 2 25° AF.G. Luminaira with 5531 Initial delhverad
lumzns. oparating at S2amA. initlal FC a1 grage.

Position of verical plane
OF MEXETILM C2NEROWE.

|sofooicandie plot of S000K, B0 LED Type (1 Medlum streatight
Iuminaira with backight control &t 25° AFS. Luminalrs witn
5,123 Initlal delivered lumens oparating &l SZ5mA. Initial FC a1
grage.

*Add 3 is. for iransdormer in 347-450V fures

i
:g © 2010 BetalED®, a division of Auwd Lighting « 1200 92nd Street » Sturievant, W1 53177 = B§00-236-6600 » www.LEDway.com
ui
&3t Made in the U.5.A. of U.5. and imported paris.
[CELF E Meets Buy American requirements within the 4584
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Everlight Americas Dolphin 90 (SL-Dolphin/100240AC/PH90B) and

Dolphin 120 (SL-Dolphin/100240AC/PH120B) Street Light Specification/Data Sheets

=0l EVERLIGHT AMERICAS, INC.

LiGHTING FOREVER

Dolphin Street Lighting Series (Preliminary)

Features SL-Dolphin/100240AC
UL certified (E326344)

® Light source: High brightness LED

® NO UV or IR light radiation

® Special batwing and asymmetrical
light pattern

Ra=60

LED illumination flux:

Over 8000 Im@120W

Optimized heat fins with artistic design
100V-240V AC input

LED Power Consumption up to 120W

Power Factor =99%@110VAC n@ us
Power eff. >80%

Long LED lifetime=35000 hours(Lzq); 3-year warranty
Operation temperature:-20°C~50°C

IP 65 for light engine & power supply unit

Easily upgradeable to higher performance light engine

LISTED

Typical Applications

Street Lighting
Architectural Lighting
Parking Lot Lighting
Biological Lighting
Residential Street Lighting
Walkway Lighting

Dock and Pier Lighting
Public Safety lllumination
Off-Girid lighting

Housing Picture

Everlight Americas, Inc. htlpu’Mww.everiiqhtamericas.cc-mf Rev.3 Page:1of 11

3220 Commander Drive, Suite 100, Carrollton, Texas 75006 (972)— 490 — 4008
Device No. : DMM-0000069 Prepared date: 04-23-2009 Prepared by: Felix Tsai
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LIGHTING FOREVER

=Tl EVERLIGHT AMERICAS, INC.

Code of Product Number

SL — Dolphin / 100240AC /

1.
2.

3.

Product Series
SL: Solid state lighting

Lighting Module Type

Dolphin: Dolphin street light series

Input Voltage
100240AC:100~240AC, 50/60 Hz

Light Engine Type
Ph: SL-Phoenix(Type 11}

h120B

5. LED Power Consumption

60: 60W
90: 90W
120:120W

6. Light Engine LED Type
None: Atype LED
B: B type LED

7. Product Safety Certification

None: UL Certified

Tr: SL-Trex(Type )
Ve: SL-Venus(Type llI)

Product Family

Order Code

LED Power
Consumption

Light Engine Type

SL-Dolphin/100240AC/Ph6&0

SL-Phoenix series

SL-Dolphin/100240AC/Ph120B

SL-Dolphin/100240AC/Tr120B

SL-Dolphin/100240AC/Ve120B

SL-Dolphin/100240AC/Treé0 &60wW SL-Trex series
SL-Dolphin/100240AC/Ve60 SL-Venus series
SL-Dolphin/100240AC/PhS0 SL-Phoenix series
SL-Dolphin/100240AC/Tr80 aow SL-Trex series
SL-Dolphin/100240AC/Ve90 SL-Venus series
SL-Dolphin/100240AC/Ph120 SL-Phoenix series
SL-Dolphin/100240AC/Tr120 SL-Trex series
SL-Dolphin/100240AC/Ve120 o SL-Venus series

SL-Phoenix series

SL-Trex series

SL-Venus series

Everlight Americas, Inc.

httpwww.everlightamericas.com/

3220 Commander Drive, Suite 100, Carrollton, Texas 75006
Device No. : DMM-0000069 Prepared date: 04-23-2009

Rev.3 Page: 2 of 11

(972) — 490 — 4008

Prepared by: Felix Tsai
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=Tl EVERLIGHT AMERICAS, INC.

LIGHTING FOREVER

Product Specification

Parameter Description
Light Source High Brightness LED
Optical Lens PMMA Optical Lens’
Optical Design Special Batwing and Asymmetrical Light Patterns
Beam Color White (4550~5600K)
Housing Aluminum with Anti-Erosive Material (Metallic Lacquer)
Weight ~10kg with Power Supply Unit
Power Input 100~240 VAC Input
Installation Tube Diameter(OD?) 60 mm (2.36")
IP Rating IP 65 for Light Engine & Power Supply
Note:

1. PMMA optical Lens can not be cleaned by organic or acidic solvent.
2. OD: Quter diameter

Everlight Americas, Inc. httpwww.everlightamericas.com/ Rev.3 Page: 3 of 11
3220 Commander Drive, Suite 100, Carrollton, Texas 75006 (972) — 490 — 4008
Device No. : DMM-0000069 Prepared date: 04-23-2009 Prepared by: Felix Tsai
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=Tl EVERLIGHT AMERICAS, INC.

LIGHTING FOREVER

Electro-Optical-Thermal Characteristics ( Tampien=25°C)

Parameter Symbol Property Unit Unit
LED Power
W ~G0 ~4a0 ~120 Watt
Consumption
Illlumination of T'ypical I'ypical ['ypical
LED, A type 3360 4800 7200
Lm Lm
lllumination of Typical
LED, B type aooo
1 Fixture
I ~40 ~45 ~50 b
Temperature
Input Voltage
P - VAC 100~-240 W
(AC)
Operali
P na Ta -20~50 °c
Temperature
Storage
e | sk -30~60 °C
Temperature
Note:

1. The fixture temperature of SL-Dolphin series is measured under good natural convection and
at T,=25°C.

Everlight Americas, Inc. httpwww.everlightamericas.com/ Rev.3 Page: 4 of 11
3220 Commander Drive, Suite 100, Carrollton, Texas 75006 (972) — 490 — 4008
Device No. : DMM-0000069 Prepared date: 04-23-2009 Prepared by: Felix Tsai
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=Tl EVERLIGHT AMERICAS, INC.

LIGHTING FQREVER

Product Dimension: 710(L)X325(W)X125(H) mm

710
— j
I8 - 125
g ] 1
Fixture temperature detect area
4 - 325
ks Black -
- N / A input
— T White -
4 = Zresn - Ground
=
MNotes:
1. Dimensions are in millimeters
2. Tolerances unless dimensions 2 mm
Everlight Americas, Inc. httpwww.everlightamericas.com/ Rev.3 Page:5of 11
3220 Commander Drive, Suite 100, Carrollton, Texas 75006 (972) — 490 — 4008

Device No. : DMM-0000069 Prepared date: 04-23-2009 Prepared by: Felix Tsai



| EVERLIGHT |

LIGHTING FOREVER

EVERLIGHT AMERICAS, INC.

Installation Pole Specifications

Everlight Americas, Inc.

httpwww.everlightamericas.com/

3220 Commander Drive, Suite 100, Carrollton, Texas 75006

Device No. : DMM-0000069

Prepared date: 04-23-2009

Rev.3 Page: 6 of 11
(972) — 490 — 4008
Prepared by: Felix Tsai
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LIGHTING

FOREVER

EVERLIGHT AMERICAS, INC.

Everlight Dolphin Street Light lllumination Characteristics

Intensity Distribution Curve Cholce

Light
Engine SL-Phoenix serles SL-Trex series SL-Venus series
Type
[ R W i‘— P L7 ’1”‘
7;#—3’ et .a_ > \@’ 1
n Jil | l._ / e
},}{ s kﬁh‘z b
Intensity |« P = XK/ 3*“"
Distribution y\&/‘w{ /
Curve |« | ‘i\";“*wﬁ_ & "'/ s
-‘)‘\‘*-H.._ | .Y‘—"' :—-’f -
i BN e
e po | e | Cim | __l'g—-—"ﬁ‘-f;} o
L—0o__)
TYPEII TYPE Il TYEE Il
Application Parking and roadway. Roadway lighting. Parking and roadway.
Asymmetric wide for Asymmetric short for streets, Asymmetric wide and long
parking and road way pedestrian walkways. High for parking and road way
applications. High Brightness. s
Uniformily. applications
Height of
Pole 6-8m 8-10m 6-8m
Width of
Road <12m <12m <8m
Light
Pattern ;
@8m
Height

Everlight Americas, Inc.

httpwww.everlightamericas.com/

3220 Commander Drive, Suite 100, Carrollton, Texas 75006
Device Mo. : DMM-0000069

Prepared date: 04-23-2009

Rev.3 Page: 7 of 11
(972) — 490 — 4008
Prepared by: Felix Tsai
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=Tl EVERLIGHT AMERICAS, INC.

LIGHTING FOQREYER

Light Pattern for SL-Dolphin/100240AC/Ph120@ 8m Height
(For reference only)

oo

(ehi i) 26m
Light Pattern for SL-Dolphin/100240AC/Tr120@ 8m Height
(For reference only)
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LIGHTING FOQREVER

EVERLIGHT AMERICAS, INC.

Light Pattern for SL-Dolphin/100240AC/Ve120@ 8m Height

(For reference only)
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L1GHTING FOQREVER

STl EVERLIGHT AMERICAS, INC.

Carrier Specifications :

1. Carton size: 770(L) x 420(W) x 180(H) mm
2. Overall weight:-12 Kg (with package)

BOX

—a

Everlight Americas, Inc.

httpwww.everlightamericas.com/

3220 Commander Drive, Suite 100, Carrollton, Texas 75006

Device Mo. : DMM-0000069

Prepared date: 04-23-2009

Rev.3 Page: 10 of 11
(972) — 490 — 4008
Prepared by: Felix Tsai
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LIGHTING FOREVER

EVERLIGHT AMERICAS, INC.

Label

Explanation

FTESE
Custorner PO

=

&

| EVERLIGHT | 9

JxTem
" Carrpany

tF B

MADE IN TAIWAN

CAT:

HUE : x;t%

7| Morth

FoHS 4=

FcHS

CLT : LED £ 4 37
{Ilharinstion Bing

HUE : LED &Bin
{The niwber of LED Bi)

NEETY

iy ™ place of produston

EASE P
EVERLIZHT Fb
Rl
ft ;é'ﬂ:! ﬁ T oho e T S Tk
Frodution, rate of EVERLIGHT —QTY: s
EEE i
Cinantity —LOT NO: seiciescskckos:
W T
Lat weker —'I?EI?EI'-L'EHIGE:. e e ——
() ) TR
3 R
Feference
MNote:

1. Since we are continuously improving all our products, the information listed in this
document, which includes specifications, characteristics, data, materials used,
structure, etc., are subject to change. It is necessary that you request the newest
specification sheet from Everlight when you place any inquiry or purchase an order.

2. Before installing, please refer to the separate document, “Installation Instructions”.

Everlight Americas, Inc.

http//www.everlightamericas.com/

3220 Commander Drive, Suite 100, Carrollton, Texas 75006
Prepared date: 04-23-2009

Device No. : DMM-0000089

Rev.3 Page: 11 of 11
(972) — 490 — 4008
Prepared by: Felix Tsai
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American Electric Lighting 115 HPS (115-15-S-MR-240-R2-FG-DF-HP-UL)

Street Light Specification/Data Sheets

Roadway Series 115

Roadway Lighting
50-400W HPS, 70-250W MH

PRODUCT OVERVIEW

Applications:

Roadways
Residential streets
Storage areas
Parking lots
Campuses

Parks

| Fig |
[ (685) |

|

5 /__ E—
N

T

10.1°

jsi]

1\

=
(3301

Effective Projected Area (EPA)
The EPA for the Horizomal Luminaire Series 115108 sq. ft
Approx Wt =18 lbs.

[P

Roadway

Features:

Rugged die-cast aluminum housing is powder-coated for durability and
corrosion resistance

Two-bolt mast arm mount provides easy, secure installation and adjustability
for arms from 1-1/4" to 2" {1-5/8" to 2-3/8” 0.0.) diameter. Optional four-bokt
mounting provides extra security in high-vibration applications

Die-casttrigger latch on doorframe enables easy and secure one-hand
opening for re-lamping and maintenance

Large surface area “breathing seal” gasket seals the optical chamber to
prevent intrusion by insects and environmental contaminants. Heat-resistant
gasket matenial remains effective over the life of the fixture

Wildlife shield is castinto the housing (not a separate piece) on the two-bolt
unit and is easily adjustable for 1-1/47 to 27 (1-5/8" to 2-3/8” 0.D.} mast arms

Photocontrol receptacle is adjustable without tools

Anodized aluminum reflectors provide uniform lighting distribution with
borosilicate glass, acrylic, or polycarbonate refractor

Surge protection device (standard with ELBD models) exceeds IEEE/ANS]
C62.41 Category C criteria

MNew DTL photocontrol for solid-state lighting {available with PCSS option)
exceeds ANSI C136.10 crtena

NEMA wattage label, terminal block, and NEMA photocontrol receptacle are
standard

All electrical components warranted by American Electric Lighting's B-year
guarantee

E39 mogul base socket standard
Suitable fior -30°C MH / -40°C HPS
Complies with ANSI: C136.2, C136.10, C136.14, C136.15, C136.17, C136.31

PREFERRED SELECTION CATALOG NUMBERS

115 10S RN 120 R2 DA
115155 CA MT1 R2 DA EC
115155 RH 120 R2 DA
115255 CA MT1 R3 DG EC
Amarjcan
Sheet # AW-115-A AE L E:II“‘ITI"
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Roadway Series 115

Roadway Lighting
50-400W HPS, 70-250W MH

ORDERING INFORMATION

Example:115 155 RN 120 R2 DG LC PC

| [ | |
[ seres | | Wattage / Sourca | Ballast | Voltage | | oistribution
115 SingleDoor 05 50W § HPS RN ReactorNommal — q2g9 1207 K2 Roadway Typell
Cobrahead 07 70W M MHZ Power Factor M8 20EV B3 Roadway Typalll
10 100W RH Reactor High 40 240V AX  Roadway Typa Il
13 10071500 Powar Factor m TN Lwayt
Wirad 100W AN HighReactance 347 347y Refer to optic disibution
14 100/150W (Lagl Normal &80 230V mairix below for compatibity:
Wirad 150W Powar Factor MTI1 Muiti-tap Wired 120V
15 150W XH HighReactance  MTR Multi-tap Wired 208V -
17 mEw! (Lagl High MT2 Multi-tap Wired 280V Optics
0 200W Pﬂwe; Factor MT7 Multi-tap Wired 277V
5 250w CA Cwa T3 Tri-tap Wirad 347V DA Drop Acrylic
a0 A00W CT CWI DT2 Dual Tap 120/240 Prismatic Refractor &
) SC SCWa Wirad 240V DP Drop Polycarbonate
(E) Sae ballast matrix for MR MagRegi3Colll  pT4 Dual Tep 240/480 Prismatic Refractor
EISA compliant options ELBD Electronic Ballasy Wirad 480V DG Drop Glass
Drivar? Prismatic Refractor
I Motas:
Dotions 1 When ordered with matal halide, these wattages do not
X comply with California Title 20 regulations
Maunting 2 CA ballast not avilable with 175W - 4D0W matal halide in the
{blank}  2-bolt Intarnal {blank) MNEMA Photocontrol Recaptacla U.S.: must use ST
EF  Extarnal Fittar (2-balt only) {standard) . . -
4B 4-balt Intarnzl NR  No Photocontrol Receptacla # 3 1505[;?:; 150W HPS 2nd 150W MH only; 150W HPS requires
M2 2-boitInternal 2° Setting + DEoomn iy
B2 Exernal Fiter 2° Mast Arm Lamp  Eorips prodicts only
{2-batt ony) Il_ﬁ Il:arnp :nc: ”g“g* glalar Coatad & Othar colors available, please contact your local
. amp Includad, Deluxe/Coata American Hactric Lighting represantativa
Zan 7 T2 option only availabla with 240, 480, DTZ, DT4, MT2
5
{olank}  Gray Istendard) 8 Notavailable in MT, TT, DT voltages
oy pack {btank] - Opan Board {standard) 8 PC, PCSS and SH nat availabla with NR option
ronze EC  Encapsulated Plug-in . » S " ;
DDE  Dark Bronzs OP  OpenPlug-in 10 Tested to withstand 3G vibration; 4B option raguired
WH - White Optic Distribution
UP  Unpaintad Misc. P
PC  Photocontrol Included par RZDA R3IDA RZDP R3DP RZDG R3IDG RXDG
i Voltage Spacified ® 1] * * +* * * * *
{blank} Terminal Block {standard} PCSS  Solid-Stata Lighting Phatocontrol s +* + + * +* + +
T2 Wired to L1 to L2 Position (120-277v) ® oM N - N * _
T3 3Wire Operation BL Bubbla Level
(L1, N, L2 Position) 7 §5  Stainless Steel Fastenars — — 2 * * * * +
(axtarnal) 10m = = * " * * *
Listing CF  Charcoal Filkar 1S * + * L * L *
UL UL Listed PL  Distribution Pattam 138 + 4 4 & & & 4
€S  CSA Certified Indicator Labal 148 + *+ 4+ ¢ * * ¢
LA  Lightning Arrastor 15M - - * - * * *
Fusing ® {Void UL/CSA Certified Options) 1M - - + * * * *
§F  Single Fuse (120, 277, 347V) SH  Shorting Cap? 208 * * * * *
DF  Doubla Fuse (208, 220, 240, 480V) HK  Hinga Keepar
i 58 - * * * * *
BF 3G Vibration '° =M N " * * * * *
RG  Rubber Silicone Dptical Gaskst
’ ws | - - e e e
American
MI Electric American Electric Lighting
Lighting*

Aneuifyland Cempary

@ 2008 Acuity Brands Lighting, Inc. All rights reserved. Rev. /10

Sheet # AW-115-4

Acuity Brands Lighting, Imc.

3875 Columbus Rd. S\, Granwille, OH 43073
Phone: 800-754-0463 Fay: T40-587-6114
www.americanelectricighting com
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Roadway Series 115

Roadway Lighting
50-400W HPS, 70-250W MH

BALLAST MATRIX

Roadway 115
Watts 12 08 28 m 3q 480 072 OTs
158 RHEN i - ] - i - -
7S CACTAHAN AN ¥H CACT XN XH CA CT XN XH CA XH XN (¥ XN XH CACT
v XN XH N XH XN EH XN XH - . -

A E E CACTEIBD X A BO0MA AELBD

AN Y N H PR XNXH - - -
155 CALTELRD MRAHAN CACT FLB0XNRA CACTEIR0MARAYH RNXRELEOCALT WHON  CAMRWNKE  CACTMAXAIN
138 AN AH - - - - - -

148 AN AH B - -
ENXHELBD XN XHELBD XM XHELBD MW XHELBD - - -
E) 1M L SC L SC SC SC SC -
] CACT XN XH CALCT CACT RN RH N XH CALCT - CALCT CALCTXM.XH MR
Ezﬁ_ CACT XN XH CACT CACT RN AH XN XH CACT - CALCT CACTXNMXH MR
258 S0 S0 S0 S0 SL SC SC S0
L1 - EM.AH AN .RH - - - -
Roadway 115 continued
Wakts M1 M MT7 M3
058 - ! - .
078 CANH XN CAXH¥N CAXH XN XHXN
oM - - - -
108 CACTXHXN CACTXHXN CACTXNXH
10M XHXN HHXN XHEN -
158 CACTXHXN CACTXHXN CACTXHXN XHXH
138 - B - -
188 -
15M - - - XHXMN
E 1M SL SC 5L -
208 CACT CALT CACT -
258 CACT CACT CACT Ca
(E) 25M SC 3C SC 80
ans - - - -
PHOTOMETRICS
115155 RIDA 115 255 R3DG 115 155 RZ DP
ISOILLUNMIMAKCE PLOT (FC) |EDALLUMINAMTE PLOT (FC] SO L UM INGRCE PO FG)
Bcundi o Hedahl = 231 Khauing Helght = 200 Mg Haight = MEE
Caoaificaton: Type Il Medium, Semicuist Giaarfepbae [yps | Medur Berecsdalt i Ty 11 Wledivm, Sermoull
- - T T -z T T T
‘*—4_\ 1 I I I
= 1 ! . | |
CERTT N SNN -
o n P | e Sii; = 2 tous s &
i ' -“j \ \ | Sl St N M Sire| Side i
Ay = L
g = $ il R R F L~ i &
i BT I F; ol AL g
5 ooyl Y- = = = = :E = - ot i el :
a T e T ] = z ] | =l
5 ==L} -4-—-4--}- 5 p-Co [y NN N (. R 5
& 2 2 " " | L=
T A EEE ;
:a' 4 T T T a . . ! d
= > 4 T t t £
1 1 1 =t &
. 1 1 I | | .
- [ 1 i 5 - - :
. 1 1 | | | |
a ! 2 : s = o B|: 1 a a4 5 5 7 “ 1 2 “ & & 7
D taniza it Urilts LT blou iy B Citiones in Unita of Mourkng kel L T M A T
x

— — — i Wi ey
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General Electric M-400A HPS (MDCL-25-S-3-A-1-2-F-MC3-2-FU) Street Light
Specification/Data Sheets

M-400A POWR/DOOR® LUMINAIRE
WITH CUTOFF OPTICS

r e APPLICATIONS
B = For street, highway and parking lot lighting
TR
. v = SPECIFICATION FEATURES
C = Powr/Module ballast assembly + ALGLAS® finish on reflector
s Filtered optics » No-tool PE receptacle
= Universal two or four-bolt « Plug-in ignitor available
slipfitter « External paddle ty)
= Standardized reflector stainless steel bcquch
= "Dead back” tunnel type, » @/® listed unit
FRP terminal board available— See Options
= 2in. pipe mounting only » True 90° cutoff—no light
with MDCA above 90° [meets
* Die-cast aluminum RP8-2000 for full cutoff] with
housing with polyester powder flat glass

gray paint finish
» Adjustable mogul base socket
Ihouse side] - E39 standard

GRDERING NUMEBER LOGIC

FRDDLICT U{H‘l‘l’ WOLTAGE IGNITOR lESCNSI'IIIBﬂﬂON FILTER
ICENT HDUNTI Gy

MD-C‘.A- 10_ 100 EDHz see EBallast 1 Mone :l Non .i. M: ic clear See Photometric 1 = Fiber F = Fusing [Not
M-4004  |15= 150|554 Ene ACt |0 =120/208 [Selection Table |2 = PE Recep- Plug- (250 watt | Selection Table gasket available with
with 17= 175 compliant 260277 [A = Autoreg tack inf Huxlmum] 2 = Charcoal miultivalt or
Cutoff + [20= 200 Pulse MH Multivolt |H = HPF Reactor Hone |F = Flot Glass + 5 =5hort with dual voltoge]
Optics  |2&= 250800 | [EPMH] 1 =120 or Lag NOTE: 2 =Plug-in | & = Shallow Glass  |M =Medium elastomer [J = Line Surge
&-Bolt 25= 250 5 = HPS |2 =208 M= Mag-reg Receptocle base Globe gasket Protector,
Slipfitter |31= 310 P =PMH |3 =240 M = NPF Reactor | connected and L = Polycarbonate |G =Cutoff * Expulsion
32=320 Standard: |& =277 or Lag same voltoge lgnitor Clear Globe Type
MDCL= |35= 350 Lamp not |5 =480 P = cwi with | as unit except [250 watt] 1 =Typel M = Meets ANSI
M-5004  |20= 400 included. |7 =120%280 Grounded | as noted. HPS only 2 =Typen C136.31
with B =240V socket shell | Order PE 3 =Typeml requirments
cutoff *+ (NOTE: Dual Ballast control * = Previously for Bridge and
Optics  |wattoge 120V PE separately. IESNA Full Cutoff * = Praviously underpass
2-Bolt connected Recepincle Optics IESMA Full Cutoff Vibration
slipfitber |for lower not recon- Optics U = UL Listed Glass
R waottoge nectable Lens and [50Hz
* = only D =347 onlyl
Previousl F =1204347
R% 1ESHA Full T =220
cutaff W=230
Ve Optics 50Hz
o 6 =220
[ R =230
S ¥ =250
= NOTE: Dual
= woltage
connected
for lower
voltage

PHOTOMETRIC SELECTION TABLE

CLEAR REFRACTORS all light sources are cleor.

IES Distribution Type
Photometric Curve Number 35-45:000

Light Flat Glass “F* |SAG Glass Globe “G" Polycarbonate
Wattage Source [MC2 MC3 MC1 [ sC2 503 MC2 [MC3
150 |55V HFS 0386 |0387 |MN/A N/a NSA 0547 | 0546 ciF
200-400 HP5 1001|1002 |M/A 0101 |0102 | 1003 | 1004 1045%* MC3)
175,250, 320,/ EPMH  |0343  [0322 |[N/a N/a NSA 0544 | 0545 CiF
350, 400 EPMH | *452880|*452862| 0281 | N/A M/a 0280 | WA MiA

NOTE: N/a = Not available  C/F = Contact Factory
PMH—Contoct Factory
*Requires the use of ED-28 Lamp
**250 watts maximum GE Lightmg Systems, Inc.
winw gelightingsystems.com
R-14{2008



M-400A POWR/DOOR® LUMINAIRE
WITH CUTOFF OPTICS & 4 BOLT SLIPFITTER

MBlin

FIXTURE DIMENSIONS
[BOBmm) 1|
- !

|‘i“"_______ hY | J//-'"_"mk
k! ]
.04 = 15.420n. Y 10.78 in.
(230mm} [b © + '% [384mm} WH‘_‘B—.'\'EHI--T.;
L / =

— -

f T 1 SHALLOWGLAS f
ADJUSTABLE FOR 1.14 in. IMDCL oniy) GLOBE
[38mam] TO 2 in, (51mm} FIPE l i
: S — I —_—
832 n. f/.f'___"\\\ gaeim [ N Bazin,
2t imm) i ,4—-% T f&nmm | ] 211mm)
el A S || — 1 B -
[ 12.25in. R A .'i 1'- 1
1 {311mm R} \ !
i T ] 1512 In.
I__15.1z in.__| \\// N\ /| "".‘353=n~:3
(384mm) ; 18.75in. A / |
{d76mm R} /
: p ‘
| .81 -
' {BOBmm)
DATA
Approximate Met Weight 33-39 Ibs 15-19 kgs
Effective Projected Area 1.1 sq. ft. max .01 sq. M max
suggested Mounting Height 3o-50 ft. 815 M

REFEREMCES

See Page R-48 for start of Accessories.

See Page R-52 for Explanation of Options and Other Terms Used.
See Pole and Bracket Section Page P-2 for pole selection.

BALLAST SELECTION TABLE

Ballast Type/Voltage
60Hz S0Hz R
Light |Multi- 120X (347, 240/120

Wattage| Source|wolt [120 208 240 277 480 240  [120W347|PER 220 |230 220 [230 [240 «\,;6
150 (5SV]| HPS  |HMN,A |GHMN &M GM GM GM G,HMN|G*HMLN (6,M L L T T T 3
200 HPS  |AMP [AGHMMNP |AGHMMNP (AGHMMNP [AGMP [AGM [AGMP |N/A AGHMM WA [H Wia  |Mia [Nis T
250 HPS  [AMP |AGHMMNP |AGHMNP |AGHMNF [AGMP [AGMP |AGMP [AMP [AGHMN|AH [H  |AHMNH M F
250/400 | HPS  |A A A A A A Hi& /e Hia RN T T T T g
310 HPs  |AM  |AgM AGHMN  |AGHMN AGBM [ABM |ABM [N/ ABHMN |N/A |H Wia  Mia (Wi <
400 HPS  [AM  |AGM AGHMN  |AGHMN AGM  |AGM  |AGM |AGM  |AGHMN [HaN[r  |AHMN([n/a |AHM S
175 EPHH |A A A A A A A N/A A WA [Wa |Wia (Wi |NiA
250 EPMH  |A A A A A A A /A A Nia |Mla (Nfa  |M/& [Hia
320 EPMH  |A A A A A NiA A N/a A Wi [mla |wfa WA [Wia
350 EFMH A A A A A Wi A N/a A WA [Wia |Wia (Wi |MiA
400 EFMH A A A A A A A N/a A Wa [wa |wia  [Wa |Wia

MOTE: N/A = Not Available
*Not available in 1200347 volt
C/F = Contact factory

MDCA — SUGGESTED CATALOG ORDERING NUMBERS

Catalog Number Wattage| Light Source |Voltage |Ballast Refractor | Photometric
(60 Hg] Type Type Distribution

MDCAZ5S0AZZFMC21 | 250 HPS Multivolt  |Autc-Regulator |Glass Mc2

MDCA40S0AZZFMCI1 | £00 HPS Multivolt  [Autc-Regulator [Glass MC3

All GE suggested cataleg ordering numbers come with PE receptacle. PE control must be ordered
separately. Order and install SCCL-PECTL if no PE is desired,

Multivolt ballasts can be for either 120, 208, 240, or 277 volt inceming power supply.
GE Ughﬁna Systems, Inc.

winw.gelightingsystems.com ;
2008/R-15
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Extech HD450 Light Meter Product Data Sheets

EX TE CH Experience the = =.{ == ;)

————— INSTRUMENTS LT
A FLIR COMPANY Adva e

Heavy Duty Light Meters

Datalogging Model Available
Automatically stores up to 16,000 readings or
manually store/recall up fo 99 readings.

Features:

= HD450 Datalogger model automatically stores up to 16,000
readings or manually storefrecall up to 99 readings

* Wide range to 40,000Fc or 400,000 Lux

= Cosine and color corrected measurements

= Utilizes precision silicon photo diode and spectral response filter

» Peak mode (10uS) captures highest reading

* Relative mode indicates change in light levels

» Min/Max and Data Hold

« Large backlit LCD display with 40-s2gment bar graph

* Heavy Duty rugged double molded housing

* Built-in USB port

= Includes light sensor with 3ft {1m) cable and protective cover,
Windows® compatible software with USE cable, hard carrying

case, and 9V battery
Modal HD400

Modal H450
Datalogger

Specifications
Fc Range 40, 400, 4000, 40.00kFc
Luex Ranga 400, 4000_ 40k 400kLux
Accuracy +5% rdg
Max Resalution 0.01Fci Lux
Datzlogging 16,000 continuous readings; 99 selacted readings
PC interface =B
Dimensions 6.7 x3.1 x 1.68" (170 x 80 x 40mmj
Ordering Information: Weigit 18.70z {300g)
HD400 ........... Heavy Duty Light Meter
HDA00-NIST . Heavy Dufy Light Meter with NIST Certificate
HD450 ........... .Heavy Duly Datalogging Light Meter
HD450-NIST . Heavy Duty Datlogging Light Meter with NIST Certificate
TRA0O .......... Triped for meters with tripod mount feature
www.extech.com it
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Fluke 43B Power Quality Analyzer Specification/Data Sheet

FLUKE.

Maintain power systems, troubleshoot power
problems, diagnose equipment failures

The Fluke 43B Power Quality Analyzer performs
the measurements you need to maintain power
systems, troubleshoot power problems and
diagnose equipment failures. All in a rugged
handheld package.

* New! NiMH Battery provides extended
operating time of 6.5 hours

* Combines the most useful capabilities of a
power quality analyzer, multimeter and scope

» Calculates 3-phase power on balanced loads,
from a single-phase measurement

* Trends voltage, current, frequency, power

i ENTER

harmonics and captures voltage sags, * On screen graphics show you how to set up
transients and inrush current 3-phase power measurements

* Monitoring functions help track intermittent
problems and power system performance

* Records two selectable parameters for up
to 16 days

+ 20 measurement memories to save/Tecall
screens and data with cursor readings

* FlukeView® Software can log harmonics
and all other readings over time and provides
a complete harmonics profile up to the
512 harmonic

* Measures resistance, diode voltage drop,
continuity, and capacitance

» Usersfapplications manual and power quality
video to help answer tough questions

* Complete package with voltage probes and
400 A current clamp, FlukeView Software and
optically isolated interface cable

= 3 year warranty on the Fluke 43B, 1 year on
ACCessOTies

= Watts, power factor, displacement power
factor |Cos ¢), VA and VAR
= Voltage and current waveforms

* Voltage and current waveforms = Voltage, cumrent, and power harmonics
* True-rms woltage and current = Up to 51st harmonic
= Frequency = Total harmonic distortion [THD|

= Phaze angle of individual harmonics

40



FLUKE =

Specifications
Accuracies are stated as + (percentage of Specifications are valid for signals with a
reading + counts) without probes unless fundamental between 40 and 70 Hz.

otherwise noted.

Input CF Ranges Aeturacy
Input tmpedance 1 ML, 20 pF
Voitage rating E00 Vrms, CAT 11
Volt/Amps/Hertz
Trua-mms valtage [AC+DG) 5000 V, 50,00 V, 500.0 V, 1250 ¥~ + {1 % + 10 conts)
TIua-Mms eurent |AC+0C) 50.00 A, 500.0 A, 5.000 KA, 50,00 kA, 1250 KA + I % + 10 counts)
Frequency 10.0 Bz W0 15.0 ki £ 05 % + 2 nounis)
CF Crest Faptar 10 t0 100 + 5 % + 1 oount]
Power
W, VA, VAR Reactive Power Z50 W 2.50 KW, 25.0 KW, 250KW, 2.50 MW, £ (2 % + B Dounts) Total Povear
1-phass and 3-phase, T 5 MW, Z50 MW, 625 MW, 156 GW + 4 % + 4 nounts) Funoamental
oonduotor balanoed loads Powear
FF Power Faotar 000 to 100 + 004
DFF Displacement Pawer Factor | 000 tn 0.25 not specified
0.25 to 0.80 004
080 to 100 + 003
» Measurements are always sutomatically H Frequency Mndimenta) 40010 70.0 Hx £ 0.5 % + 2 countsy
recorded to instantly show changes over time
« Use cursors to read time and date of sags Voits, REps, Watts Fundamantal WA Tl 2 ot

and swells Z to 315t Harmonis |5 % + 3 counts),

% + 10 counis)

32 to 51st Harmpale W, A = (15 % + 5 ooumis),
=013 k0 e (DMar 202001 60106 Prequency of fundamental 40 Hz to 70 He +0325 i
“D1Bkuz i BEF: 1190k SHAENE Phase Voll & Amps (betwesn Amd. & Harmomio) 2nd [+ 37 ... S8+ 157)
L L3 | Walts [batween Volt Fund. & Amps
Hammomle | Fund |+ 57 ... Slat [+ 159
E-Factor |Amps & Watts) 10 to 30.0 +10%
THI! 0.00 o 9558 + {3% + B counis|
Sage & Swells
Aecoming tmes |salectabis) 4 min to 16 days
VIms apfual, Vrms max, 5000 V, 5000 V 500.0 V, 1250 v Aeadings + [2 % +10 counts)
min (AC + OC) Cursar readings + [2 % + 12 counis)
Cursar Readings AVEmQe + |2 %
+10 pountz)
Arms actual, ANDs max, 5000 A, 5000 A, 5.000 KA, 50,00 KA
min (AC + OC)
Recording
+ Catch voltage transients and wavefo fieconding tmes {selectabie) & min 1o I days
ljiS[D'ﬁD'] ﬂ:l'l"n‘T to 40 ]15 Parameters Choosa one or two ;BTBEEE from one of the groups below
c _l- -C] B 40 N VIAHE Line Valtage, Current, Frequency
atch & - ANSi
» Catch and save up to 40 ransients Fower VI, VA, VAR, PF, DPF, FIEQUETICY
* Correlate the cause of transients with time Harmanis THD, Vaits [Pund. & Eammonic), Amps(F&H) Watts|P&H] Freq ), %lH) of total, Prass(E), KP
and date stamps Onms Ohms, Diode, Contmuity, Capatttance
‘TEmparanie °C ol °F
Soope DC Voltage, DC Current, AC Voltage, AC CUTent, Prequency, Pulsa WIdth + of -,
Phase, DUty oyoe + ar -, Peak max, Peak min, Peak min-max, CIest Factar
T
MInimum prulse witth 40 s
Usayl bandwidth tnput DC to 1 MEg (Wit test lsads TL24)
Number of transients an
Voitage thrashnid semings 20 %, 50 %, 100 %, 200 % abova of balow referance sgnal
FAefarenns signal After START, the Vrms and fraquesncy af the sijnal are measared. From these
data a pure sinFwave & caltulated 35 refsrenoe far threshokd SE"[LI'_Q
Vpeak min, Vpeak max at cursor | 10V, 25V, 50V, 125V, 250V, 500 V, 1250 V [ 45 % of full scale

“Haled 600 V CAT I
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Inrush Cuarent

Ranges HAccuracy

Current ranges |salectable)

1A 5HA 10A S0A 100 A, 500 A 1000 A

Inrush Himes [selectabls|

1558 105, 505 1005 5 min

Cursw readings

A peak max 3t cursar 1 and cursar 2 £ 5 % of full scale

TIme DEWESD CUISOS™

4 to 235 pizeis + 0.2 % + 2 piaels)

Scope, dual ghannel scops Wit reading
Input Impedance
Input | 1 MOy1Z pF, with BBLZ0: 20 pF + 2 pF, wiln BE120 + 3 pF
Input 2 1 MO0 pF; with BRIZO0: 18 pF + Z pF; with BB120 £ 3 pF
‘Vertical
“Waltage ranges 50 mVfdiv to SO0 fdiv + [1% + 2 plxek)
‘Vertical sensivity, resniution 5 mV,fdiv to 500V div, 8 hit (256 lavelks)
Bandwidth Input 1 jvoltags) DC to 20 MH at mputs, o7 with VPS40 praba (Opt);:
1 MHz with TLZ4 Leads
Bandrandth Input 2 jourment) DO to 15 iz at Inpats
10 kHe with B0-500s Cument Clamp
Coupling DC, AC [10Ez |-3 dB)
Horizontal
TimeBase Modes Narmal, rall, ngle
TimeEase ranges B0 5/dv ta 20 nsfow + 0.4 % + 1 pixal)
Sampling rats 25 M3/
IR;&:}&:L&]LH{LQQDDE;I 512 per channsl
TTigEeT soure Input 1 o7 Inprt 2 ar Amnmats ssisction
Trigger moda Automatis Connant-and-Visw™, Pras Fun,
Single Shat.
Conmect-and-View™ Avanced aulnmaic Mggenng (hat ecognizes signal paiems and sumatcally
adjusts tdggering, timebase and ampittede. Austomatically displays siable pichmes
ol compiex and dynamio signals 165e motor drive and control Sgnals.
Pre-trigger Up to 10 divisions [

Measurement readings,
par chanme] selactanie

Valts & Amps (DC, AC, AC + DCrms, Pesk max, Peak min, Peak min / max |,
Fraquenoy, Duty oyce + ar - , Fhase, Pulse WA + of -, CTest t3ctor

FLUKE =

176 avodizaar 4o

« Inmizh current up to 500A with supplisd
current probe
= Use cursors to measure inmsh current timing

Ohms, Diods, C , C:

Ohms 5000 (1 5000 k), 50.00 kL, 500.0 k3, + [0.6 % +5 oounts)
5.000 ML, 3000 MO

Dicde voltage 010 3.000 V + [2 % +5 oounts)

Continutty, shons > 1 ms Heopsr on at< 300 + 50,

Capacttance 50.00 £, 500.0 1F, 5.000 pF, 50.00 pF, +2 % +10 counts|
500.0 uF

Temperahma™™ -100.0 °C 1o 400.0 °C, +0.5 % +5 counts)

2000 °F o B00.0F

Max current, max open oioult volt.

05 mA, < 4 V (all unctions ahove)

MOVE< [ TRIG

» Connect-and-View™ scope for quick
waveform display

= 20MHz bandwidth with optional 10:1 woltage
probe. 15kHz on current channel with

Memory optional current clamp
Number of sereens [20 |
Optical Isalated Interface
To primter Supparts HP Laserlet™, Desklet, Epson FE/LY and Postsortpt printers with
optional PACS! Prinier Adapter Cabie
ToPC FlukeVlew® Power Quality Analyzer saftware with PMS0S0 Intestace

Adaptar incuded

FlukeView® Power Quallty Soffware

Hardware Tequirements

| PC or 100 % compatibie with Windows® 95, 08, Me, 2000, NT4.0.

** | pizei = inmsh Hmef350

=™ HEqUITES Optiana] IBmpeTaiie AnEssory

= FlukeView® Power Quality Analyzer software
[included)

= Capture measurement screens for
professional-looking reports

= Log readings to your computer disk drive

= Works with Windows word processing,
spreadsheet and analysis software

+ Windows 95 / 98 / Me / 2000 / NT 4.0
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FLUKE «

General Specifications

POwer
Ling waltage adapter/hattery chamer mandad
Insaled battery Redhargeakie NIMH patk (4.8v oo
Operating tme 4 houts
Charging tme 7 hours
Envirommental
Temperatae 0°C to 50 °C (32 °F o 122 °R)
Enviranmentsl MIL ZEB0O0E, Type 2, Class I Syl B
Enclosure 1P5] [dust, drip water prood)
Data
S HIW D 232 1 115 2 50 mm |B.1 & 4.5 2 2 Inches)
“Wielght 11 kg (2.5 ) Ind. batlery pack
Sataty
P\:lﬂrﬂéglg.l_:lemems oA 600 Vrms Catagory [ installations, Pollution Degres 2 in ap00rdance with
ANSI/ISA 582.01-1884
CAN/CSA-C22.2 No. G1010.1-04
Surge protection B KV on Input | and 2
Floating maasurements | 600 Vrms trom any terminal to ground
| 2 years parts and labor on Fluke 428, | year on Sccessories

Ordering Information Optional Accessories

Fluke 43B Power Juality Analyzer c789 Soft Carrying Case
80i-110s  100A AC/DC Current Probe
i200s AC Current Clamp

Included Accessories i1000s  1000A AC Current Clamp

Cizo Hard Case i2000flex Flexible Z000A AC Current

TL24 Test Leads Probe

Ac20 Industrial Test Clips i3000s  Clamp-On AC Curent Clamp

ACES Large Jaw Alligator Clips VPS40 10:1 Voltage Probe

TP1 Flat-tipped Slim-Reach™ Test -

Probe BE120 Two Shielded Banana-to-
fobes ) BNC Adapters

TP2 4 mm Round Slim-Reach™ 80TK Thermocouple Module

Test Probes -

R 80T-1500 Universal Temperature Probe

i400s 400 A AC Current Clamp PACS1  Parallel Printer Adapter

OC4USE  Optically Isolated USB TLE225 SureGrip* Master Accessory

Interface Adapter Test Lead Kit

BPF120MH Rechargeable NiMH Battery TL220 3" Test Lead Set

Pack (installed) TL221  Extension Lead Set
PMB90T  Line Voltage Adapter/Battery  qpo0q Electrical Test Lead Set

Charger - h
SW43W FlukeView™ Power Quality

Analyzer Software for
‘Windows

Power Quality CD with:

* User's manual

= Power guality video

= Application guide

Getting started guide
Shielded Banana-to-BNC adapter

T TTTTT

Fluke. Keeping your world
up and running.

Fluke Corporation

PO Box 8090, Everstt, WA USA 93206
Fluke Europe BV,

PO Box 1186, 5602 BD

Eindhoven, The Netherlands

For more information call:
In the USA. [BO0)] 443-5853 or

Fax [425] 446-5118

In Europe/M-East/Africa (31 40) 2 675 200 ar
Fax |31 40] 2 B75 222

In Canada [800] 38-FLUKE or

Fax [905) BI0-6866

From other countries (425) 445-5300 or

Fax [425] 446-5118

Web access: hitp://www fluke.com/

L2005 Fluke Co ition. AL

Trademarks are ¢ ¥ Of Thelr @spective IWDers.
Prnied In TS A 12005 1266142 D-ENG-N Rev H

Printesd on recysiad paper.

rights reserved.
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MEASURES PHOTON
FLUX AND ENERGY FLUX
WITH HALF NANOMETER
BANDWIDTH RESOLUTION.

DEescriPTION

Our spectroradiometers are
calibrated in a LI-COR LI1800-02
optical radiation calibrator. The lamp
is a tungsten-halogen lamp and is
NIST (National Institute of Standards
and Technology) traceable and
calibrated to a precise PPF Density
(pmol m= s') at LI-COR after every
50 hours of use.

All models come complete with
components needed for portable
use. The detector collects light for
the spectroradiometer via fiber optic
cable. The spectroradiometer then
transmits its measurements to a PC
where custom software (included)
displays the spectrum of the light
source. Live data can be saved
as a data file suitable for work in
other programs such as Excel or
SigmaPlot.

Irradiance Measurements: Display
in units of Watts per square meter
(per nm) or Moles per square meter
per second (per nm as a photon
dose rate); simultaneous display of
integrated PPF.

Hluminance Measurements: Display
in units of Lumen per square meter
(per nm) or footcandles as lumen per
square foot; simultaneous display of
integrated LUX.

CIELAB Application: Simultaneous
window (with live spectra) displays
1931 CIE xy Chromaticity Diagram.
llluminance mode displays dominant
wavelength and punty. lrradiance
mode displays color temperature.

Apogee PS-300 Spectroradiometer Specification/Data Sheets

Spectrocolorimeter: Measures the
color of reflected light. Simultaneous
window (with live spectra) displays
1976 CIE LAB diagram for L*, a",
b*. Display CIELAB color values
with chroma, hue, x, y, and tr-
stimulus and Delta-E”. Load or save
standards for subsequent Delta-E"
color comparisons.

Chemwiz Measurements: Measures
the concentration of chemicals.
Simultaneous window (with live
spectra) allows  concentration
calibration or loading of previously
developed chemicals to be loaded
for concentration display of
unknown samples. Performs single
wavelength linear PLS calibrations.

UV Monitor:  Measures the
distribution of UV energy. Display
in units of watts for Uva, UVb, UVc,
ratio UVa/UVb, Vis/Ir power. Provides
both maximum time in seconds until
Erythema action and maximum time
until Melanogenic action.

ORDERING INFORMATION

All products can be ordered at
www.apogeeinstruments.com

For technical information contact
techsupport@apogee-inst.com
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SPECIFICATIONS

WavVELENGTH RANGE
- PS-100: 350 to 1000 nm
- PS-200: 300 to 850 nm
- PS-300: 300 to 1000 nm

Base Unir Size
« PS-100: 15.5 by 9.5 by 4 cm
- PS-200: 15.5 by 11 by 8 cm
- PS-300: 155 by 11 by 8 cm

Base Unir Mass
- PS-100: 500 g
- PS-200: 900 g
- PS-300:900 g

DETECTOR

= 2048 pixel; 14 by 200 um
microelement array

MEASUREMENTS

LiNEAR RANGE

= 0-2.1absorbance units
(= 0.5%)

Exrosure RANGE

= 4 milliseconds to 60 seconds
(synoptic multi-channel)

InTEGRATION TIME RANGE
- 4 to 6500 ms

InPuT POWER

= 220 - 250 mA at +5 VDC
(provided)

OpTicaL CABLE

= 2 meters armored cable; cables
are not interchangeable

WaveLENGTH RESoLUTION
= 0.5nm

WAaVELENGTH REPEATABILITY
= < 0.05 nm

WAVELENGTH STABILITY
= < 0.001 nm per °C

Dynamic RANGE
= 110 4096 counts (+ 0.5%)

SignaL To Noise RaTio
- Up to 1000:1

WARRANTY
= 1 year against defects in
materials and workmanship

D31.75mm

| 926.67mm

92.71Tmm

31.75mm /

ajgmm gee

www.apogeeinstruments.com
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APPENDIX B: Tables I-X of a) Measured llluminance at Floor Level b) Electrical
Parameters, and c) Measured lluminance Levels at 2, 4, and 6 Foot Heights on

Measurement Grid
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Table I1: Beta 40 LED (Low Driver Setting) a) Floor Level llluminance, b) Power Consumption, and c) llluminance at 2, 4, &
6 Feet Heights on Measurement Grid

a)
Radial llluminance Foot Candles (FC) Along Radial Lines at Given Angles
Distance (ft) 0 15 30 45 60 75 90 105 120 135 150 165 180
0 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90
2 3.21 3.27 3.25 3.35 3.42 3.49 3.49 3.46 3.47 3.42 3.35 3.06 3.22
4 1.97 2.17 2.59 2.68 2.70 3.15 3.45 3.57 3.51 3.34 3.06 2.72 3.15
6 1.83 1.94 2.36 3.11 3.52 3.07 2.96 2.94 2.88 2.78 2.65 2.32 3.20
8 2.05 1.97 1.84 2.21 2.88 2.62 2.15 1.99 2.02 2.08 2.71 1.68 3.05
10 1.79 1.71 1.64 1.38 1.79 1.76 152 1.44 1.58 1.75 1.79 1.32 2.53
12 1.17 1.08 1.24 1.16 1.09 1.21 1.36 1.24 0.97 1.97
14 1.00 0.75 0.87 0.85 0.85 1.06 0.98 0.92 0.58 1.03
16 0.63 0.59 0.62 0.65 0.75 0.82 0.78 0.38 0.76
18 0.55 0.44 0.44 0.48 0.79 0.62 0.63 0.22
20 0.49 0.34 0.30 0.39 0.64 0.51 0.35
22 0.39 0.26 0.26 0.33 0.46 0.34 0.21
24 0.22 0.24 0.26 0.32 0.26
26 0.18 0.20 0.24 0.23 0.18
28 0.15 0.18 0.20 0.18 0.13
30 0.13 0.15 0.16 0.14
32 0.12 0.13 0.14 0.12
34 0.10 0.11 0.12 0.10
36 0.08 0.09 0.10 0.08
38 0.04 0.07 0.08 0.06
40 0.04 0.06 0.07 0.04
42 0.03
b)
Electrical
Parameters
Voltage Current Frequency Power PF DPF %THD r
S: 2:45 PM 121 0.196 60 23 0.96 0.97 13.6
3:36 PM 121.1 0.194 60 22 0.95 0.97 13.8
E: 4:15 PM 121.4 0.193 60 22 0.95 0.97 14
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Radial llluminance Foot Candles (FC) at 2ft height
Distance (ft) 0 45 90 135 180
0 4.80 4.80 4.80 4.80 4.80
4 3.16 5.39 5.46 5.43 5.13
8 3.09 2.37 2.72 2.87 4.06
12 1.44 1.22 1.54 1.65
16 0.61 0.73 0.65
20 0.45 0.30
24 0.32 0.13
28 0.13 0.04
32 0.04
36 0.00
40 0.00
Radial llluminance Foot Candles (FC) at 4ft height
Distance (ft) 0 45 90 135 180
0 10.32 10.32 10.32 10.32 10.32
4 5.78 9.63 7.82 7.69 9.36
8 2.36 3.36 2.63 3.12 4.32
12 0.39 0.89 1.14 1.31
16 0.54 0.37 0.26
20 0.18 0.18
24 0.05 0.05
28 0.02 0.02
32 0.00
36 0.00
40 0.00
Radial llluminance Foot Candles (FC) at 6ft height
Distance (ft) 0 45 90 135 180
0 16.76 16.76 16.76 16.76 16.76
4 12.90 10.04 10.26 11.97 2.40
8 0.65 1.32 2.27 3.00 0.26
12 0.07 0.65 0.39 0.12
16 0.14 0.07
20 0.01 0.03
24 0.00 0.01
28 0.00 0.00
32 0.00
36 0.00
40 0.00
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Table I11: Beta 40 LED (Medium Driver Setting) a) Floor Level llluminance, b) Power Consumption, and c) lHluminance at 2,

4, & 6 Feet Heights on Measurement Grid

a)
Radial llluminance Foot Candles (FC) Along Radial Lines at Given Angles
Distance (ft) 0 15 30 45 60 75 90 105 120 135 150 165 180
0 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84 5.84
2 4.87 477 4.70 4.46 4.79 4.97 4.98 4.98 4.94 4.94 4.87 4.80 4.64
4 2.84 3.12 3.68 3.70 3.81 4.50 4.96 5.14 5.02 4.79 4.42 4.43 4.56
6 2.65 2.78 3.34 4.29 5.05 4.43 4.28 4.28 4.16 4.01 3.84 3.92 4.59
8 3.01 2.87 2.60 3.18 4.06 3.76 3.12 2.91 2.91 2.97 3.17 3.35 4.39
10 2.61 2.46 2.36 1.97 2.60 2.52 2.19 2.06 2.25 2.51 2.58 2.45 3.63
12 1.70 1.56 1.74 1.69 1.57 1.75 1.96 1.80 1.93 2.83
14 1.44 1.08 1.26 1.24 1.22 1.52 1.42 1.33 1.48 1.47
16 0.90 0.86 0.90 0.93 1.08 1.18 1.14 0.90 1.08
18 0.79 0.64 0.63 0.69 1.16 0.89 0.92 0.55
20 0.69 0.51 0.47 0.55 0.91 0.72 0.52 0.37
22 0.55 0.39 0.39 0.47 0.67 0.52 0.32
24 0.31 0.34 0.39 0.48 0.35
26 0.26 0.29 0.34 0.33 0.25
28 0.23 0.26 0.28 0.26 0.17
30 0.20 0.23 0.24 0.21
32 0.17 0.18 0.18 0.17
34 0.14 0.14 0.14 0.15
36 0.11 0.12 0.12 0.12
38 0.07 0.10 0.09 0.09
40 0.00 0.10 0.07 0.07
42 0.06
b)
Electrical
Parameters
Voltage Current Frequency Power PF DPF %THD r
S:11:13 AM  120.6 0.29 60 34 0.98 0.99 11.4
11:27 AM 120.7 0.285 60 34 0.97 0.98 11.5
12:21 PM 120.7 0.283 60 33 0.97 0.98 11.5
E: 1:.24 PM 120.9 0.282 60 33 0.97 0.98 11.6
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Radial Iluminance Foot Candles (FC) at 2ft height
Distance (ft) 0 45 90 135 180
0 7.21 7.21 7.21 7.21 7.21
4 4.40 8.52 7.43 7.51 7.33
8 5.06 3.67 3.46 4.44 5.92
12 1.98 1.65 2.31 2.28
16 0.89 1.14 1.09
20 0.65 0.47
24 0.31 0.25
28 0.12 0.13
32 0.08
36 0.01
40 0.03
Radial Iluminance Foot Candles (FC) at 4ft height
Distance (ft) 0 45 90 135 180
0 12.21 12.21 12.21 12.21 12.21
4 8.71 13.35 10.78 11.19 12.67
8 3.27 4.86 3.53 5.26 6.35
12 0.64 1.67 2.05 1.82
16 0.79 0.69 0.45
20 0.39 0.26
24 0.12 0.08
28 0.06 0.07
32 0.03
36 0.03
40 0.02
Radial Iluminance Foot Candles (FC) at 6ft height
Distance (ft) 0 45 90 135 180
0 19.45 19.45 19.45 19.45 19.45
4 15.65 13.42 14.39 16.34 24.45
8 1.26 1.48 3.15 4.12 3.89
12 0.11 0.89 0.67 0.39
16 0.26 0.25 0.19
20 0.03 0.09
24 0.01 0.03
28 0.02 0.02
32 0.01
36 0.02
40 0.01




Table 1V: Beta 40 LED (High Driver Setting) a) Floor Level llluminance, b) Power Consumption, and c) llluminance at 2, 4, &
6 Feet Heights on Measurement Grid

a)
Radial llluminance Foot Candles (FC) Along Radial Lines at Given Angles
Distance (ft) 0 15 30 45 60 75 90 105 120 135 150 165 180
0 7.14 714 7.14 7.14 714 7.14 7.14 714 7.14 7.14 7.14 7.14 7.14
2 5.60 5.85 5.77 591 6.18 6.46 6.47 6.40 6.33 6.37 6.35 6.26 6.03
4 559 3.94 4.69 4.88 4.94 5.84 6.46 6.69 6.54 3.25 573 5.75 5.98
6 3.42 3.61 4.38 578 6.59 5.80 5.57 552 5.38 5.21 4.97 5.10 6.00
8 3.87 3.71 3.40 411 5.34 4.87 4.08 3.76 3.77 3.86 4.12 4.36 5.78
10 3.26 3.21 3.08 2.56 3.34 3.27 2.86 2.67 2.94 3.28 3.33 3.17 4.76
12 2.20 2.00 2.29 2.17 2.04 2.24 2.55 2.30 2.50 3.64
14 1.86 1.40 1.60 1.59 1.58 1.97 1.84 1.72 1.91 1.94
16 1.18 1.08 1.15 1.20 1.41 153 1.41 1.15 1.43
18 1.03 0.81 0.81 0.89 1.46 1.15 1.16 0.71
20 0.91 0.64 0.57 0.73 1.18 0.93 0.65 0.48
22 0.72 0.49 0.50 0.62 0.87 0.61 0.39
24 0.39 0.43 0.50 0.61 0.45
26 0.33 0.38 0.43 0.47 0.32
28 0.29 0.33 0.36 0.33 0.22
30 0.26 0.27 0.30 0.26
32 0.21 0.24 0.23 0.22
34 0.17 0.17 0.17 0.18
36 0.13 0.13 0.13 0.14
38 0.09 0.11 0.11 0.11
40 0.08 0.10 0.09 0.09
42 0.07
b)
Electrical
Parameters
Voltage Current Frequency Power PF DPF %THD r
S:5:15 PM 120.7 0.398 60 47 0.98 0.99 9.4
5:51 PM 121.4 0.388 60 46 0.98 0.99 10
E: 6:04 PM 121.1 0.389 60 46 0.98 0.99 9.8
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Radial Iluminance Foot Candles (FC) at 2ft height
Distance (ft) 0 45 90 135 180
0 11.10 11.10 11.10 11.10 11.10
4 5.94 11.08 10.03 9.90 9.49
8 6.05 4.28 4.44 5.61 7.51
12 2.50 1.90 2.92 3.08
16 1.08 1.01 1.19
20 0.80 0.56
24 0.44 0.26
28 0.23 0.15
32 0.09
36 0.04
40 0.03
Radial Iluminance Foot Candles (FC) at 4ft height
Distance (ft) 0 45 90 135 180
0 19.42 19.42 19.42 19.42 19.42
4 11.43 15.68 14.02 13.54 16.59
8 4.33 6.04 4.18 5.56 7.78
12 0.79 2.11 2.29 2.50
16 1.15 0.54 0.36
20 0.29 0.34
24 0.15 0.13
28 0.07 0.05
32 0.03
36 0.02
40 0.02
Radial Iluminance Foot Candles (FC) at 6ft height
Distance (ft) 0 45 90 135 180
0 28.29 28.29 28.29 28.29 28.29
4 21.55 17.91 18.68 22.60 33.24
8 1.39 1.93 4.84 5.38 4.76
12 0.15 1.47 0.77 0.52
16 0.30 0.22 0.26
20 0.09 0.10
24 0.08 0.05
28 0.02 0.02
32 0.01
36 0.01
40 0.01




Table V: Beta 60 LED (Low Driver Setting) a) Floor Level llluminance, b) Power Consumption, and c) llluminance at 2, 4, &
6 Feet Heights on Measurement Grid

a)
Radial llluminance Foot Candles (FC) Along Radial Lines at Given Angles
Distance (ft) 0 15 30 45 60 75 90 105 120 135 150 165 180
0 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66 11.66
2 9.87 10.33 10.28 10.49 10.70 11.05 11.03 10.96 10.84 10.69 10.64 10.54 10.02
4 6.06 6.56 7.75 8.36 8.55 10.10 11.09 11.52 11.16 10.52 9.57 9.41 9.72
6 5.80 6.18 7.38 9.68 11.15 9.96 9.34 9.84 8.88 8.78 7.77 7.74 9.44
8 6.61 6.44 5.69 6.74 8.93 8.30 6.63 6.02 5.83 5.79 6.62 7.25 9.69
10 5.69 5.55 5.24 4.13 5.46 5.54 453 3.98 417 5.26 527 5.02 8.41
12 3.79 3.26 3.88 3.46 3.05 3.14 3.45 3.31 4.06 6.07
14 3.27 2.26 2.75 2.68 2.48 2.57 2.86 3.05 3.32 3.02
16 1.98 1.94 2.01 2.00 2.26 3.15 3.02 2.07 2.49
18 1.84 1.50 157 1.71 2.87 2.82 2.27 1.47
20 1.57 1.15 1.27 1.46 2.82 1.84 1.63 1.14
22 1.20 0.93 1.14 1.39 2.05 1.44 1.15
24 0.82 1.01 1.21 1.33 1.17
26 0.76 0.87 1.02 1.07 0.87
28 0.67 0.71 0.79 0.85 0.65
30 0.55 0.55 0.61 0.67
32 0.44 0.42 0.45 0.52
34 0.35 0.31 0.34 0.44
36 0.27 0.25 0.25 0.34
38 0.17 0.20 0.19 0.27
40 0.16 0.17 0.14 0.23
42 0.18
b)
Electrical
Parameters
Voltage Current Frequency Power PF DPF %THD r
S:10:16 AM  120.7 0.808 60 98 1 1 3.4
10:28 AM 120.7 0.802 60 97 1 1 35
E:10:42 AM  121.1 0.799 60 97 1 1 3.9

53



Radial llluminance Foot Candles (FC) at 2ft height
Distance (ft) 0 45 90 135 180
0 14.34 14.34 14.34 14.34 14.34
4 9.07 14.63 16.97 15.81 15.22
8 11.05 6.78 7.29 8.55 12.15
12 4.82 4.15 5.53 4.77
16 1.63 3.35 2.52
20 1.88 1.76
24 1.07 0.99
28 0.54 0.62
32 0.29
36 0.15
40 0.11
Radial llluminance Foot Candles (FC) at 4ft height
Distance (ft) 0 45 90 135 180
0 32.47 32.47 32.47 32.47 32.47
4 17.73 26.03 23.24 18.34 25.62
8 6.99 10.20 8.10 7.53 13.44
12 1.15 3.85 5.33 4.38
16 2.48 2.39 1.24
20 0.97 0.87
24 0.40 0.44
28 0.15 0.21
32 0.08
36 0.08
40 0.01
Radial llluminance Foot Candles (FC) at 6ft height
Distance (ft) 0 45 90 135 180
0 *66.2 *66.2 *66.2 *66.2 *66.2
4 32.45 28.59 26.78 30.82 *51.8
8 1.86 4.52 7.75 13.04 10.30
12 0.08 3.71 3.84 1.75
16 0.65 0.39 0.44
20 0.15 0.14
24 0.04 0.08
28 0.04 0.05
32 0.02
36 0.00
40 0.00
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Table VI: Beta 60 LED (Medium Driver Setting) a) Floor Level llluminance, b) Power Consumption, and c) llluminance at 2,

4, & 6 Feet Heights on Measurement Grid

a)
Radial llluminance Foot Candles (FC) Along Radial Lines at Given Angles
Distance (ft) 0 15 30 45 60 75 90 105 120 135 150 165 180
0 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15 13.15
2 11.42 11.69 11.60 11.66 11.93 12.30 12.23 11.97 11.91 11.71 11.61 11.50 10.98
4 6.88 7.36 8.77 9.34 9.47 11.21 12.31 12.64 12.28 11.49 10.45 10.32 10.60
6 6.45 6.90 8.22 10.76 12.36 10.96 10.37 10.27 9.74 9.06 8.48 8.49 10.36
8 7.35 7.12 6.36 7.57 9.94 9.18 7.38 6.57 6.39 6.42 7.30 7.98 10.57
10 6.39 6.20 5.81 4.60 6.10 6.07 5.00 4.37 4.59 5.77 5.77 5.47 9.19
12 4.19 3.66 4.32 3.82 3.33 3.38 3.81 3.61 4.37 6.59
14 3.63 2.49 3.04 2.94 2.69 2.82 3.17 3.36 2.59 3.30
16 2.19 2.15 2.22 2.20 2.49 3.47 3.33 2.23 2.69
18 2.02 1.65 1.71 1.86 3.14 3.05 2.48 1.62
20 1.72 1.27 1.41 1.59 3.12 2.00 1.76 1.38
22 1.35 1.03 1.24 1.49 2.20 1.57 1.23
24 0.91 1.10 1.28 1.43 1.26
26 0.83 0.94 1.11 1.16 0.95
28 0.74 0.80 0.86 0.87 0.72
30 0.60 0.63 0.65 0.72
32 0.49 0.48 0.48 0.57
34 0.35 0.37 0.36 0.47
36 0.30 0.28 0.26 0.36
38 0.22 0.22 0.19 0.28
40 0.14 0.18 0.14 0.23
42 0.19
b)
Electrical
Parameters
Voltage Current Frequency Power PF DPF %THD r
S: 9:35 AM 121 0.929 60 112 1 1 2.8
9:50 AM 120.5 0.917 60 110 1 1 2.9
E:10:10 AM 120.5 0.909 60 109 1 1 3.2
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Radial llluminance Foot Candles (FC) at 2ft height
Distance (ft) 0 45 90 135 180
0 14.36 14.36 14.36 14.36 14.36
4 10.43 16.57 17.87 16.91 16.49
8 12.36 8.23 7.82 9.48 14.15
12 5.71 3.56 5.36 5.38
16 1.99 3.71 2.89
20 1.65 1.82
24 0.89 0.90
28 0.48 0.45
32 0.17
36 0.10
40 0.04
Radial llluminance Foot Candles (FC) at 4ft height
Distance (ft) 0 45 90 135 180
0 23.51 23.51 23.51 23.51 23.51
4 *20.3 32.42 25.67 25.38 28.13
8 8.97 12.76 8.51 9.77 14.90
12 1.82 4.07 6.61 5.25
16 2.27 2.53 1.49
20 1.01 1.17
24 0.34 0.52
28 0.15 0.18
32 0.07
36 0.04
40 0.02
Radial llluminance Foot Candles (FC) at 6ft height
Distance (ft) 0 45 90 135 180
0 *44.4 *44.4 *44.4 *44.4 *44.4
4 *40.1 34.60 28.91 35.45 *59.4
8 3.12 5.29 9.41 15.13 10.63
12 0.38 3.91 3.42 1.38
16 0.73 0.92 0.43
20 0.17 0.29
24 0.09 0.13
28 0.04 0.08
32 0.03
36 0.02
40 0.00
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Table VI1I: Beta 60 LED (High Driver Setting) a) Floor Level llluminance, b) Power Consumption, and c) llluminance at 2, 4,
& 6 Feet Heights on Measurement Grid

a)
Radial llluminance Foot Candles (FC) Along Radial Lines at Given Angles
Distance (ft) 0 15 30 45 60 75 90 105 120 135 150 165 180
0 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42 13.42
2 11.53 11.80 11.84 11.91 12.19 12.58 12.59 12.52 12.35 12.18 11.99 12.01 11.58
4 6.97 7.58 8.92 9.61 9.84 11.64 12.78 13.23 12.76 12.00 10.89 10.61 11.14
6 6.64 7.14 8.52 11.16 12.76 11.25 10.62 10.62 10.13 9.38 8.83 8.70 10.92
8 7.63 7.36 6.51 7.66 10.31 9.44 7.59 6.81 6.57 6.66 7.61 8.23 11.10
10 6.62 6.34 6.03 4.75 6.28 6.24 5.16 4.55 4.79 5.95 6.01 5.68 9.68
12 7.35 3.71 4.39 3.96 3.46 3.55 3.88 3.70 4.60 6.80
14 3.75 2.59 3.11 3.06 2.81 2.95 3.29 3.51 3.80 3.42
16 2.26 2.20 2.30 2.30 2.63 3.64 3.44 2.36 2.85
18 2.13 1.71 1.81 1.93 3.28 3.14 2.55 1.70
20 1.79 1.31 1.45 1.70 3.24 2.07 1.82 1.30
22 1.42 1.06 1.30 1.60 2.28 1.62 1.28
24 0.95 1.16 1.35 1.43 1.29
26 0.89 0.99 1.14 1.21 0.97
28 0.77 0.81 0.88 0.96 0.74
30 0.63 0.64 0.66 0.76
32 0.50 0.49 0.50 0.59
34 0.39 0.38 0.37 0.49
36 0.31 0.29 0.26 0.38
38 0.22 0.23 0.20 0.30
40 0.19 0.19 0.14 0.26
42 0.20
b)
Electrical
Parameters
Voltage Current Frequency Power PF DPF %THD r
S:10:46 AM  120.6 1.034 60 125 1 1 2.8
10:58 AM 121.1 1.03 60 125 1 1 2.9
E:11:14 AM 121 1.026 60 124 1 1 3.1
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Radial llluminance Foot Candles (FC) at 2ft height
Distance (ft) 0 45 90 135 180
0 14.15 14.15 14.15 14.15 14.15
4 *10.7 17.67 20.25 19.49 18.34
8 *12.08 7.95 8.26 10.40 14.76
12 5.70 4.86 5.35 5.87
16 2.59 3.74 3.08
20 2.07 2.07
24 1.19 1.08
28 0.45 0.56
32 0.32
36 0.06
40 0.04
Radial llluminance Foot Candles (FC) at 4ft height
Distance (ft) 0 45 90 135 180
0 31.65 31.65 31.65 31.65 31.65
4 *21.4 31.67 26.75 26.84 31.37
8 *8.8 12.36 9.70 10.62 16.03
12 2.10 4.71 6.43 6.73
16 3.20 2.79 1.69
20 1.24 1.23
24 0.42 0.52
28 0.23 0.28
32 0.08
36 0.05
40 0.02
Radial llluminance Foot Candles (FC) at 6ft height
Distance (ft) 0 45 90 135 180
0 *48.9 *48.9 *48.9 *48.9 *48.9
4 *38.5 35.23 30.40 35.40 *61.3
8 3.26 6.23 9.96 16.50 14.09
12 0.33 4.95 3.36 2.31
16 1.14 0.94 0.56
20 0.19 0.31
24 0.11 0.13
28 0.05 0.11
32 0.03
36 0.02
40 0.02
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Table VIII: Dolphin 90 LED a) Floor Level Illuminance, b) Power Consumption, and c¢) Illuminance at 2, 4, & 6 Feet Heights

on Measurement Grid

a)
Radial llluminance Foot Candles (FC) Along Radial Lines at Given Angles
Distance (ft) 0 15 30 45 60 75 90 105 120 135 150 165 180
0 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95 6.95
2 6.65 6.83 6.91 6.68 6.62 6.66 6.71 6.84 7.10 7.38 7.75 7.95 8.06
4 5.70 5.81 5.86 5.84 5.70 5.79 5.88 6.11 6.95 7.75 8.33 8.78 9.15
6 4.70 4.77 4.91 4.95 4.83 4.87 4.91 5.21 6.31 7.10 7.24 7.14 7.04
8 3.28 3.33 3.54 3.75 3.89 4.10 4.23 4.58 5.39 5.42 4.80 4.54 4.27
10 2.29 2.25 2.38 2.65 3.08 4.04 4.45 4.77 4.54 3.53 3.05 2.89 2.84
12 1.75 2.48 3.87 4.00 4.28 3.89 2.24 2.03 1.99 1.85
14 1.19 2.04 3.02 2.93 3.15 3.00 1.59 1.42 1.38 1.23
16 1.66 2.17 2.19 2.32 2.09 1.18 0.96 0.90 0.86
18 1.74 1.53 1.57 1.70 1.35 0.96 0.66 0.63
20 0.91 1.05 1.17 1.26 0.93 0.73 0.48 0.49
22 0.66 0.79 0.90 0.96 0.69 0.56 0.37
24 0.57 0.68 0.74 0.45 0.44
26 0.43 0.50 0.56 0.36 0.33
28 0.31 0.37 0.41 0.29 0.26
30 0.22 0.28 0.32 0.24
32 0.16 0.24 0.26 0.19
34 0.12 0.18 0.21 0.15
36 0.09 0.15 0.17 0.12
38 0.05 0.13 0.15 0.09
40 0.05 0.12 0.13 0.07
42 0.05
b)
Electrical
Parameters
Voltage Current Frequency Power PF DPF %THD r
S:11:45AM  120.9 0.774 60 90 0.96 1 24.2
11:57 AM 120.8 0.758 60 89 0.97 1 22.6
E:12:10PM 120.6 0.749 60 88 0.97 1 20.6
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Radial llluminance Foot Candles (FC) at 2ft height
Distance (ft) 0 45 90 135 180
0 10.52 10.52 10.52 10.52 10.52
4 8.72 8.99 8.93 11.92 13.68
8 3.99 4.18 8.26 5.90 5.17
12 1.78 3.81 2.48 2.10
16 1.64 1.27 0.82
20 0.77 0.68
24 0.39 0.35
28 0.20 0.29
32 0.15
36 0.08
40 0.06
Radial llluminance Foot Candles (FC) at 4ft height
Distance (ft) 0 45 90 135 180
0 19.60 19.60 19.60 19.60 19.60
4 12.40 13.82 13.80 18.29 18.94
8 3.86 3.94 8.99 5.27 4.97
12 1.62 3.15 2.23 1.56
16 1.04 0.85 0.61
20 0.41 0.45
24 0.26 0.26
28 0.13 0.13
32 0.08
36 0.06
40 0.04
Radial llluminance Foot Candles (FC) at 6ft height
Distance (ft) 0 45 90 135 180
0 *43.1 *43.1 *43.1 *43.1 *43.1
4 14.92 16.67 34.73 22.08 21.59
8 3.08 3.68 7.64 4.86 3.16
12 1.04 1.34 1.06 0.73
16 0.40 0.49 0.18
20 0.16 0.13
24 0.07 0.04
28 0.05 0.04
32 0.03
36 0.02
40 0.01




Table IX: Dolphin 120 LED a) Floor Level Illuminance, b) Power Consumption, and c¢) Illuminance at 2, 4, & 6 Feet Heights
on Measurement Grid

a)
Radial llluminance Foot Candles (FC) Along Radial Lines at Given Angles
Distance (ft) 0 15 30 45 60 75 90 105 120 135 150 165 180
0 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76 12.76
2 11.74 11.90 11.84 11.67 11.68 11.96 12.15 12.53 13.39 13.90 14.53 14.83 14.95
4 10.34 10.38 10.60 10.52 10.40 10.64 11.03 11.71 13.26 13.86 14.04 14.39 14.58
6 7.92 8.02 8.29 8.66 8.81 9.07 9.41 10.26 11.18 11.18 11.08 11.08 11.01
8 5.86 5.88 6.05 6.32 6.94 7.84 8.52 9.26 8.77 8.22 7.84 7.89 7.51
10 4.33 4.18 428 457 543 7.32 8.33 8.74 7.14 5.93 5.36 520 5.04
12 3.23 4.35 6.26 6.97 7.10 5.84 4.30 3.68 3.35 3.14
14 2.28 3.51 473 5.17 5.19 4.43 3.13 2.41 2.23 2.18
16 2.72 3.42 3.72 3.67 3.19 2.25 1.63 1.49 1.35
18 2.01 2.37 2.56 2.53 2.20 1.64 1.13 1.05
20 1.45 1.64 1.86 1.82 1.65 1.15 0.82 0.78
22 1.09 1.20 1.36 1.32 1.16 0.86 0.64
24 0.90 0.96 0.93 0.81 0.66
26 0.67 0.68 0.67 0.65 0.48
28 0.50 0.50 0.49 0.48 0.38
30 0.38 0.39 0.38 0.39
32 0.29 0.31 0.30 0.29
34 0.22 0.24 0.24 0.25
36 0.18 0.20 0.19 0.19
38 0.13 0.16 0.16 0.15
40 0.12 0.14 0.13 0.13
42 0.08
b)
Electrical
Parameters
Voltage Current Frequency Power PF DPF %THD r
S:12:32PM 120 1.153 60 137 0.99 0.99 9.4
12:50 PM 120.3 1.13 60 134 0.99 0.99 9.9
E: 1.03 PM 120 1.126 60 133 0.99 0.99 10.5
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Radial llluminance Foot Candles (FC) at 2ft height
Distance (ft) 0 45 90 135 180
0 10.32 10.32 10.32 10.32 10.32
4 15.27 16.43 16.84 20.89 20.71
8 7.58 8.03 13.98 10.78 9.02
12 3.52 6.47 4.79 3.45
16 2.78 2.11 1.41
20 1.07 1.17
24 0.54 0.56
28 0.30 0.38
32 0.18
36 0.12
40 0.09
Radial llluminance Foot Candles (FC) at 4ft height
Distance (ft) 0 45 90 135 180
0 16.25 16.25 16.25 16.25 16.25
4 21.18 22.67 26.35 29.87 28.13
8 6.97 8.18 15.73 11.39 7.84
12 2.97 4.75 3.39 2.40
16 1.32 1.41 0.87
20 0.65 0.78
24 0.40 0.37
28 0.18 0.23
32 0.13
36 0.09
40 0.06
Radial llluminance Foot Candles (FC) at 6ft height
Distance (ft) 0 45 90 135 180
0 *50.3 *50.3 *50.3 *50.3 *50.3
4 27.52 32.92 *56.7 34.50 33.56
8 5.92 5.84 11.08 7.53 5.79
12 1.70 1.95 1.57 1.14
16 0.59 0.70 0.20
20 0.32 0.20
24 0.13 0.09
28 0.10 0.07
32 0.07
36 0.05
40 0.04




Table X: HPS 150 a) Floor Level llluminance, b) Power Consumption, and c) llluminance at 2, 4, & 6 Feet Heights on
Measurement Grid

a)
Radial llluminance Foot Candles (FC) Along Radial Lines at Given Angles
Distance (ft) 0 15 30 45 60 75 90 105 120 135 150 165 180
0 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94 25.94
2 19.21 19.84 20.19 20.56 21.56 22.44 23.32 24.00 25.42 26.98 28.04 28.55 28.65
4 11.98 12.88 14.00 15.02 16.70 18.35 19.56 20.27 22.00 23.50 24.56 26.06 25.31
6 7.45 8.05 9.12 10.97 12.59 14.56 15.63 16.61 18.17 17.97 17.41 16.82 17.10
8 4.79 5.15 5.98 7.10 8.74 10.92 12.42 14.75 16.14 13.90 12.18 11.21 10.39
10 3.02 3.24 3.92 4.85 6.03 8.36 10.31 12.72 13.84 11.96 9.00 7.55 7.11
12 3.48 4.34 6.09 7.63 9.52 10.61 8.51 6.57 5.46 4.63
14 2.52 3.22 4.44 5.43 6.81 7.60 6.18 4.60 3.70 3.36
16 2.48 3.28 4.00 4.95 5.26 4.30 3.14 2.58 2.40
18 1.90 2.50 3.12 3.95 3.66 3.02 2.30 1.90
20 1.45 1.92 2.61 3.42 2.63 2.03 1.72 1.40
22 0.92 1.24 2.08 2.93 2.18 1.46 1.35
24 0.73 1.48 2.29 1.76 1.12
26 0.53 1.15 1.80 1.57 0.88
28 0.42 1.00 1.45 1.26 0.68
30 0.35 0.81 1.25 1.18
32 0.29 0.69 1.05 1.05
34 0.25 0.55 0.87 0.99
36 0.20 0.46 0.69 0.84
38 0.13 0.38 0.58 0.72
40 0.13 0.33 0.46 0.62
42 0.52
b)
Electrical
Parameters
Voltage Current  Frequency  Power PF DPF %THD r
S: 3:54 PM 120.2 1.64 60 192 0.98 0.98 7.1
4:25 PM 120.4 1.647 60 194 0.98 0.98 7.3
E: 5:02 PM 120.2 1.644 60 194 0.98 0.99 7.1
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Radial llluminance Foot Candles (FC) at 2ft height
Distance (ft) 0 45 90 135 180
0 *39.4 *39.4 *39.4 *39.4 *39.4
4 *14.1 *19.8 *27.1 *33.8 *33.7
8 *4.9 *6.8 *16.6 *18.2 *12.2
12 *3.2 *6.7 *7.8 *4.1
16 *4.6 *2.9 1.87
20 2.36 1.68
24 1.56 0.78
28 0.91 0.39
32 0.55
36 0.33
40 0.22
Radial llluminance Foot Candles (FC) at 4ft height
Distance (ft) 0 45 90 135 180
0 *66.3 *66.3 *66.3 *66.3 *66.3
4 *19.4 *28.6 *39.5 *48.2 *43.9
8 *3.6 *7.5 *16.4 *18.1 *11.4
12 *2.6 *7.3 *5.2 *2.8
16 *3.3 *1.5 1.24
20 2.37 0.77
24 0.95 0.32
28 0.42 0.14
32 0.22
36 0.13
40 0.08
Radial llluminance Foot Candles (FC) at 6ft height
Distance (ft) 0 45 90 135 180
0 *141 *141 *141 *141 *141
4 *18.5 *31.4 *61.6 *84.4 *62.8
8 *2.5 *5.2 *15.4 *15.4 *9.7
12 0.64 *5.8 *4 *3
16 *1.9 0.77 1.06
20 0.78 0.45
24 0.26 0.26
28 0.15 0.17
32 0.12
36 0.08
40 0.06
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Table XI: HPS 250 a) Floor Level llluminance, b) Power Consumption, and c) llluminance at 2, 4, & 6 Feet Heights on
Measurement Grid

a)
Radial llluminance Foot Candles (FC) Along Radial Lines at Given Angles
Distance (ft) 0 15 30 45 60 75 90 105 120 135 150 165 180
0 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31 35.31
2 32.75 32.05 32.73 33.92 34.60 34.80 34.99 34.79 34.62 34.21 33.35 33.36 29.14
4 25.26 26.34 28.14 29.07 29.15 29.32 29.67 30.79 33.40 33.87 33.86 28.94 13.45
6 19.90 19.86 20.29 21.45 22.91 22.73 22.45 22.95 25.30 27.97 31.84 27.50 16.95
8 15.38 13.64 13.76 15.93 17.76 17.63 17.34 17.63 20.15 22.62 25.86 24.50 12.50
10 9.34 8.80 9.45 11.23 12.37 13.50 13.00 13.49 16.39 18.20 17.82 16.93 8.11
12 8.26 9.14 9.67 10.01 10.65 13.29 14.17 14.47 11.06 5.87
14 6.04 6.98 7.47 7.86 8.68 11.84 11.13 10.35 7.05 3.96
16 5.10 5.73 6.44 7.17 10.18 8.29 6.97 4.87
18 3.74 4.38 5.23 5.78 7.84 6.82 4.45 3.09
20 2.69 3.30 4.32 4.58 6.35 4.85 2.65 1.93
22 1.79 2.35 3.64 3.71 4.86 3.77 1.78
24 1.59 2.90 3.10 3.66 3.13
26 1.09 2.31 2.60 3.52 2.57
28 0.79 1.92 211 3.23 2.24
30 0.64 1.60 1.84 2.95
32 0.53 1.34 1.52 2.46
34 0.44 1.05 1.18 2.06
36 0.36 0.80 0.90 1.54
38 0.26 0.60 0.67 1.16
40 0.24 0.48 0.49 0.83
42 0.60
b)
Electrical Parameters
After Transformer
Voltage Current Frequency Power PF DPF %THD r
S: 5:20 PM 223.1 1.397 60 290 0.93 0.94 4.1
5:33 PM 223.1 1.383 60 281 0.91 0.91 4
E: 5:44 PM 223.9 1.382 60 282 0.91 0.91 3.9
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Radial llluminance Foot Candles (FC) at 2ft height
Distance (ft) 0 45 90 135 180
0 *55.9 *55.9 *55.9 *55.9 *55.9
4 *33.6 *40.1 *37.8 *47.8 *43.6
8 *16.3 *17.3 *20.6 *26.1 *22.1
12 *6.6 *10.2 *15.1 8.68
16 *7.1 *6.6 2.23
20 *3.5 5.24
24 *1.9 3.63
28 *1.2 2.13
32 *4
36 0.58
40 0.22
Radial llluminance Foot Candles (FC) at 4ft height
Distance (ft) 0 45 90 135 180
0 *95.3 *95.3 *95.3 *95.3 *95.3
4 *52.5 *55.7 *59.6 *67.8 *61.8
8 *11 *18.3 *22 *34.5 *21.1
12 *5.5 *10.3 *17.6 4.77
16 *6.7 *7.5 1.22
20 *2.7 4.48
24 *7 1.31
28 *1 0.54
32 0.38
36 0.18
40 0.17
Radial llluminance Foot Candles (FC) at 6ft height
Distance (ft) 0 45 90 135 180
0 *207.4 *207.4 *207.4 *207.4 *207.4
4 *64 *62.8 *76.6 *94.3 *91.4
8 *6.5 *10.7 *20.6 *22.3 *10.2
12 *14 *7.3 *10.5 1.31
16 *1.2 *1.2 0.45
20 *.2 0.43
24 0.39 0.26
28 0.20 0.24
32 0.13
36 0.12
40 0.11
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APPENDIX C: Contour and Surface Plots of Measured and Height Adjusted
llluminance on Measurement Grid

Figures 3-12: Contour Plots of llluminance (fc) at Floor Level (0 feet) on
Measurement Grid with Light at 10 Feet Height

Figures 13-22: Surface Plots of llluminance (fc) at a) 0, b) 2, ¢) 4 and d) 6 Feet
Heights on Measurement Grid

Figures 23-32: Contour Plots of llluminance (fc) at Floor Level (0 feet) on
Measurement Grid with Light at a) 20 Feet and b) 30 Feet Height
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Figures 3-12: Contour Plots of Isoilluminance (fc) at Floor Level (0 feet) on Measurement Grid with Light at 10 Feet Height

Beta 40 Low Isoilluminance (fc) Contours at Floor [0 ft) Level
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Figure 3: Contour Plot of Isoilluminance (fc) for Beta 40 LED Low Driver Setting at the Floor (0 Feet) Level on Measurement Grid
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Figure 4: Contour Plot of Isoilluminance (fc) for Beta 40 LED Mid Driver Setting at the Floor (0 Feet) Level on Measurement Grid
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Figure 5: Contour Plot of Isoilluminance (fc) for Beta 40 LED High Driver Setting at the Floor (0 Feet) Level on Measurement Grid
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Figure 6: Contour Plot of Isoilluminance (fc) for Beta 60 LED Low Driver Setting at the Floor (0 Feet) Level on Measurement Grid
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Beta 60 Mid lsoilluminance (fc) Contours at Floor (0 f) Level
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Figure 7: Contour Plot of Isoilluminance (fc) for Beta 60 LED Mid Driver Setting at the Floor (0 Feet) Level on Measurement Grid
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Figure 8: Contour Plot of Isoilluminance (fc) for Beta 60 LED High Driver Setting at the Floor (0 Feet) Level on Measurement Grid
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Dolphin 90 Isoilluminance (fc) Contours at Floor (3 ft) Level
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Figure 9: Contour Plot of Isoilluminance (fc) for Dolphin 90 LED at the Floor (0 Feet) Level on Measurement Grid



Dalphin 120 lsoilluminance (fc) Contours at Floor (1 ft) Level
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Figure 10: Contour Plot of Isoilluminance (fc) for Dolphin 120 LED at the Floor (0 Feet) Level on Measurement Grid



HF'S 150 Isoillurninance (fc) Contours at Floor ([0 ft) Level
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Figure 11: Contour Plot of Isoilluminance (fc) for HPS 150 at the Floor (0 Feet) Level on Measurement Grid



HF'S 250 Isoillurninance (fc) Contours at Floor ([0 ft) Level
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Figure 12: Contour Plot of Isoilluminance (fc) for HPS 250 at the Floor (0 Feet) Level on Measurement Grid
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Figures 13-22: Surface Plots of llluminance (fc) at a) 0, b) 2, ¢c) 4 and d) 6 Feet Heights on Measurement Grid

a) BetadOLow OFT

Hlurninance (fc)

c) BetadOLow 4FT

200
o
80— ; -180
= L P
g B0 s : : =
= A : : 3 -100
£ D L1032 : : E
g :
=
20|
il

Figure 13: Surface Plots of [lluminance (fc) for Beta 40 LED Low Driver Setting at a) 0, b) 2, ¢) 4 and d) 6 Feet Heights on

Measurement Grid
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Figure 14: Surface Plots of Illuminance (fc) for Beta 40 LED Mid Driver Setting at a) 0, b) 2, ¢) 4 and d) 6 Feet Heights on

Measurement Grid
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Figure 15: Surface Plots of Illuminance (fc) for Beta 40 LED High Driver Setting at a) 0, b) 2, ¢) 4 and d) 6 Feet Heights on

Measurement Grid
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Figure 16: Surface Plots of Illuminance (fc) for Beta 60 LED Low Driver Setting at a) 0, b) 2, ¢) 4 and d) 6 Feet Heights on

Measurement Grid

81



a) BetaBOMid OFT b} BetabOhid 2FT

200

B0 —
-150
W2449e016 e
g g
- -
B ] -100
£ 2
E E
= =
c) BetaBOhid 4FT d) BetaBOMid BFT
200 200
00—
~150 200 —- . : : 150
W4 j
) = 150 V. 4800806 e
= = 594
@ 8
5 -100 5 - -100
2 B
E £ 100
= 5 | e e
g0
a0
0=
10
i 15 oo 40

Figure 17: Surface Plots of Illuminance (fc) for Beta 60 LED Mid Driver Setting at a) 0, b) 2, ¢) 4 and d) 6 Feet Heights on

Measurement Grid
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Figure 18: Surface Plots of Illuminance (fc) for Beta 60 LED High Driver Setting at a) 0, b) 2, ¢) 4 and d) 6 Feet Heights on

Measurement Grid
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Figure 19: Surface Plots of Illuminance (fc) for Dolphin 90 LED at a) 0, b) 2, ¢) 4 and d) 6 Feet Heights on Measurement Grid
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Figure 20: Surface Plots of Illuminance (fc) for Dolphin 120 LED at a) 0, b) 2, ¢) 4 and d) 6 Feet Heights on Measurement Grid
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Figure 21: Surface Plots of Illuminance (fc) for HPS 150 at a) 0, b) 2, ¢) 4 and d) 6 Feet Heights on Measurement Grid
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Figure 22: Surface Plots of Illuminance (fc) for HPS 250 at a) 0, b) 2, ¢) 4 and d) 6 Feet Heights on Measurement Grid
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Figures 23-32: Contour Plots of Isoilluminance (fc) at Floor Level on Measurement Grid for a) 20 Feet and b) 30 Feet
Mounting Height

) Beta 40 Low |soilluminance Contour at Floor Level with 20 FT Mounting Height b) Beta 40 Low Isoilluminance Contour at Floor Level with 30 FT Mounting Height
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Figure 23: Contour Plots of Isoilluminance (fc) for Beta 40 LED Low Driver Setting at Floor Level (0 feet) on Measurement Grid with
Light at a) 20 Feet and b) 30 Feet Height
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Figure 24: Contour Plots of Isoilluminance (fc) for Beta 40 LED Mid Driver Setting at Floor Level (0 feet) on Measurement Grid with
Light at a) 20 Feet and b) 30 Feet Height

89



a) Beta 40 High lzoilluminance Contour at Floor Level with 20 FT Mounting Height b} Beta 40 High Isailluminance Cantour at Floor Level with 30 FT Mounting Height
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Figure 25: Contour Plots of Isoilluminance (fc) for Beta 40 LED High Driver Setting at Floor Level (0 feet) on Measurement Grid
with Light at a) 20 Feet and b) 30 Feet Height
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Figure 26: Contour Plots of Isoilluminance (fc) for Beta 60 LED Low Driver Setting at Floor Level (0 feet) on Measurement Grid with
Light at a) 20 Feet and b) 30 Feet Height
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Figure 27: Contour Plots of Isoilluminance (fc) for Beta 60 LED Mid Driver Setting at Floor Level (0 feet) on Measurement Grid with
Light at a) 20 Feet and b) 30 Feet Height
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Figure 28: Contour Plots of Isoilluminance (fc) for Beta 60 LED High Driver Setting at Floor Level (0 feet) on Measurement Grid
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Figure 29: Contour Plots of Isoilluminance (fc) for Dolphin 90 LED at Floor Level (0 feet) on Measurement Grid with Light at a) 20
Feet and b) 30 Feet Height

94



80 FT
Along the Road

a0

a) Dolphin 120 Isoilluminance Contour at Floor Level with 20 FT Mounting Height

70

B0

a0

40

30

20

Acrogs the Road

Pedestrian Side

1)
a0 30 20 Ay g 10 20
V=0
AFT Level=1 4566 20FT

120 FT
Along the Road

A 120

100

a0

B0

40

20

-30

b) Dolphin 120 Isoilluminance Contour at Floor Level with 30 FT Mounting Height

20

EO FT
Across the Road

Level= 0 59968

30 FT
Pedestrian Side

Figure 30: Contour Plots of Isoilluminance (fc) for Dolphin 120 LED at Floor Level (0 feet) on Measurement Grid with Light at a) 20
Feet and b) 30 Feet Height
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Figure 31: Contour Plots of Isoilluminance (fc) for HPS 150 at Floor Level (0 feet) on Measurement Grid with Light at a) 20 Feet and

b) 30 Feet Height
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Figure 32: Contour Plots of Isoilluminance (fc) for HPS 250 at Floor Level (0 feet) on Measurement Grid with Light at a) 20 Feet and

b) 30 Feet Height
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APPENDIX D: Figures 33-39: Light Spectrum at a) 0 and b) 6 Feet Heights at the
Center of Light

98



#) Stray OFT (Total llluminance = 0.5979 fc)

0.8

07—

05—

044

urninance (fc)

03—

02—

L | o, -l Mol

400 450 s00

550 BO0 B50 700 750

Wavelength (nm)

400 450 s00

550 BO0 G50 700 750

b} Stray GFT (Total lluminance = 0.7330 fc)

08

07—

06—

04—

Hurninance (fc)

03—

02—

| | L.

el | el | AV

(=1

400 440 a00

550 GO0 B50 700 7450

Wavelength (rirm)

400 440 a00

550 GO0 650 700 750

Figure 33: Stray Light Spectrum at a) 0 and b) 6 Feet Heights at the Center of Light

99



#) BetadOLow (Total lllurninance = 11.7294 o)

0.8

| \
T 06— —
5
3
5 04— —
=
£
= 02— —

o | ™ | ey e o L | |
00 patli] B00 B0 700 740

urninance (fc)

urminance (fc)

400

440

‘Wavelength (nm)

400 450 500 550 BO00 650 700 750
b) BetadOmid (Total lluminance = 17 5499 fc)
0.8
I
06— —
04— —
02— —
o I Mw |
400 450 500 550 600 650 700 750
Wavelength (rirm)
400 450 500 550 600 650 700 760
c) BetadOHigh (Total llluminance = 22,1082 fc)
08
I \
06— —
04— —
02— —
0 | | | \ |
400 450 500 550 600 650 700 750
Wavelength (rirm)
400 450 500 550 600 650 700 760

Figure 34: Light Spectrum for Beta 40 LED on a) Low, b) Medium, and ¢) High Driver Setting at 6 Feet Height at the Center of Light
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Figure 35: Light Spectrum for Beta 60 LED on a) Low, b) Medium, and ¢) High Driver Setting at 6 Feet Height at the Center of Light
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Figure 36: Light Spectrum for a) Dolphin 90 and b) Dolphin 120 at 6 Feet Height at the Center of Light
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Figure 37: Light Spectrum for a) HPS 150 and b) HPS 250 at Floor Level (0 Feet) at the Center of Light
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a) Stray OFT (Total Photopic llluminance = 0.5979 + Near Infrared Radiation = 0.98659 fc)
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Figure 38: Stray Light Spectrum (including near Infrared) at Floor Level (0 Feet) at the Center of Light
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HPS150 (Tatal Photopic Numinance = 294465 + Near Infrared Radiation = 3.9299 fc)
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Figure 39: Light Spectrum (including near Infrared) for a) HPS 150 and b) HPS 250 at Floor Level (0 Feet) at the Center of Light
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