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Executive Summary

This report describes Phase I compliance testing of light-emitting diode (LED) lamps for
use as locomotive headlights and auxiliary lights. The purpose was to validate that all LED
samples submitted by participating suppliers complied with applicable regulatory
requirements, and to compare the photometric features of LED lamps to halogen lamps
currently used in the rail industry.

To evaluate the suitability of LED lamps for use as locomotive headlights, researchers at
ENSCO, Inc. and Engineering Systems Inc. measured luminous intensity and color
temperature values. Comparing the measured values with both the guidelines provided by
the Association of American Railroads’ (AAR) Locomotive Committee — LED Headlight-
Auxiliary Light Standard Technical Advisory Group (TAG) and the requirements
established in 49 Code of Federal Regulations (CFR) §229.125 revealed the following: The
luminous intensity measurements for LED and halogen lamps showed that all suppliers
considered in this study complied with the 200,000 candela minimum intensity requirement
for a dual-lamp headlight. All but one supplier met the intensity requirement for a single-
lamp headlight. Only three of the five tested LED light models fell within the color
temperature range of 2,700 K to 3,300 K recommended by TAG.

Analysis of the distribution of light produced by the lamps tested in bright mode revealed
that halogen lamps produced a wide lateral spread of illuminance, similar to a flood light.
In contrast, the illuminance produced by LED lamps provided greater focus directly along
the track centerline. The differences in illuminance distribution between the two types of
lamps were evident by the higher levels of luminous intensity produced by halogen lamps
at 7.5° and 20° off, of the track centerline. The levels of luminous intensity produced in
dim mode varied significantly between models, as did the method for engaging dim mode.
Currently there is no regulation for luminous intensity for lamps operated in dim mode;
however, ENSCO researchers propose that paragraph (b) of 49 CFR 229.125 serve as a
guideline for fulfilling regulatory requirements of luminous intensity for a headlight
operating in dim mode.

Three of the five LED lamp models tested produced colorimetric results that fell within the
color temperature range and allowable variation recommended by the TAG. The J.W.
Speaker and Hydra-Tech (7,000 K) LED models produced higher color temperatures but
met suppliers’ specifications. All halogen lamps produced colorimetric results that fell
within the recommended color temperature range. As expected, color temperatures
produced by halogen lamps decreased significantly as the lamps were dimmed. The
dominant and peak wavelengths of the color spectrum for the LED and halogen lamp
models were consistent across all lamps as well as within model samples.



1. Introduction

The railroad industry is introducing light-emitting diode (LED) technology for locomotive
headlights. The Association of American Railroads (AAR) Locomotive Committee has
formed an LED Headlight-Auxiliary Light Standard Technical Advisory Group (TAG) to
update locomotive headlight standards and recommended practices to enable the safe and
effective use of this relatively new application of LED technology. One important step in
this process was to understand the characteristics of LED lamps currently available to the
railroad industry. To this end, potential suppliers provided sample LED headlights to the
Engineering Systems Inc. (ESi) and ENSCO, Inc. research team for evaluation. Halogen
lamps were also provided to the researchers for comparison.

According to the Federal Railroad Administration (FRA) standards, locomotive headlights
and auxiliary lights shall comply with 49 Code of Federal Regulation (CFR) §229.125. The
present study was designed for the compliance testing of LED technology to the current 49
CFR §229.125 regulation as well as guidelines provided by the TAG. Based on the results
of compliance testing, appropriate revisions and recommendations are made for a safe and
effective implementation of LED technology.

1.1 Background

1.1.1 Regulation Overview: 49 CFR §229.125

Part 229 of Title 49 of the CFR prescribes minimum safety standards for locomotives
except those propelled by steam power. Section 229.125 stipulates the regulatory
requirements for locomotive headlights and auxiliary lights.

The luminous intensity of locomotive lights is a focus of 49 CFR §229.125. According to
paragraph (a): “each lead locomotive used in road service shall illuminate its headlight
while the locomotive is in use. When illuminated, headlights shall produce a peak intensity
of at least 200,000 candela and produce at least 3,000 candela an angle of 7.5° and at least
400 candela at an angle of 20 degrees measured horizontally from the centerline of the
locomotive, assuming the light is aimed parallel to the tracks” [1]. These same thresholds
of luminous intensity are required for each auxiliary light on the locomotive.

49 CFR §229.125 addresses, among other issues, the placement and use requirements of
locomotive auxiliary lights. The code specifies the allowable vertical distance from the
track to the auxiliary light and the horizontal distance between two auxiliary lights. The
code also states that auxiliary lights should continuously illuminate immediately prior to
and during movement of the locomotive.

Researchers integrated the stated requirements for the luminous intensity into the current
analysis to compare performance characteristics between types of lamps and lamp models.
However, 49 CFR §229.125 provides no requirements related to colorimetry features for
either headlights or auxiliary lights. Colorimetry comparisons were based on the guidelines
provided by the TAG and on scientific literature related to color perception and the effects
of LED lighting on visual perception.

1.1.2 Implementation of LED Fixtures in Transportation

LEDs began appearing in the 1970s in watches, calculators, and other small devices, and
gradually became omnipresent in many other electronics over the next several decades [2].
Especially as manufacturing costs were reduced, LEDs became commonplace in cars and
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trucks in the 2000s. LEDs are now a common bulb used for motor vehicle headlights as
well as for numerous other interior and exterior locations both by original equipment
manufacturers and aftermarket vendors. They are also being used on the roadway for
applications such as street lighting, road studs, and signage. The aviation and marine
industries have also begun transitioning to LEDs for both interior and exterior lighting [3]

[4].

With LEDs becoming more prevalent in the transportation industry, human factors research
has begun to focus on the effects of LEDs in terms of glare and color perception, often with
respect to other light sources such as high intensity discharge (HID) and traditional halogen
bulbs. Glare is frequently categorized as either “disability glare” or “discomfort glare.”
Disability glare impairs visibility and interferes with task performance, while discomfort
glare is either annoying or painful but does not necessarily reduce task performance.
Regulatory bodies and standards organizations in the transportation industry — Federal
Aviation Administration, U.S. Coast Guard, Society for Automotive Engineers (SAE), to
name a few — have developed recommendations for their respective domains regarding the
maximum luminous intensity to help counteract the effects of glare. SAE has developed
J2650, a recommended practice specific to the performance of LED road illumination
devices [5].

As LEDs for automobiles first came into production, a 2006 SAE paper compared the
spectral effects of LED forward lighting on visibility and glare [6]. SAE proffered that due
to the modular nature of LED systems, manufacturers would be in a good position to tailor
spectral distributions to improve off-axis visual performance but cautioned of the potential
increase in discomfort glare. A 2007 SAE paper found that individuals were better able to
perceive and recognize different-colored LED bulbs than traditional halogen bulbs [7]. A
2014 study surveyed British night-time taxi drivers and asked them specifically about
LEDs on other vehicles [8]. Glare was reported as the greatest problem, and red braking
lights were worse than white lights around headlights. A 2015 article on the discomfort
glare of LED road studs suggested tuning the luminous intensity according to illumination
and road surface conditions [9].

A large portion of the scholarship related to locomotive lighting has investigated
locomotive conspicuity, particularly at crossing points with motorists [10]. Limited
research has investigated locomotive lighting with respect to glare and other human factors
aspects. However, a 1995 paper sponsored by FRA identified glare as a safety concern for
auxiliary alerting lights and recommended considering glare when specifying minimum
and maximum levels of luminous intensity [11]. It also referenced a British
recommendation that glare illuminance be no greater than 0.4 lux at the eyes of a train
engineer approaching from the opposite direction.

1.2 Objectives

Phase I testing, conducted in a laboratory setting, had two main objectives. The first was to
validate that all submitted LED samples complied with applicable regulatory requirements
and standards. The second was to compare the photometric features of LED samples to
currently used halogen lamps.

1.3 Overall Approach

To achieve the objectives stated above, luminous intensity distributions and colorimetry
features were measured and compared in two operating modes — “bright” and “dim.” In
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addition, researchers created illuminance maps to better understand the lighting distribution
and to verify that all samples complied with the requirements regarding the illumination of
a person at specific distances from the light sources.

1.4 Scope

The scope of this effort was limited to laboratory testing of 32 lamp samples, including 20
LED lamps provided by 4 suppliers and 12 halogen lamps provided as references by 3
other suppliers. All testing was arranged, conducted, or supervised by the research team.
Phase II and Phase III testing will involve subjective field testing for LED sample fixtures
on static and moving locomotives, respectively. These test phases will be documented in
future reports.

1.5 Organization of the Report

The methodology used for the program is detailed in Section 2. Results of the test
programs are detailed in Section 3. Human factors associated with the light samples tested
in this program are discussed in Section 4, and conclusions are presented in Section 5.
Detailed test instrumentation calibration information and test data are provided in
Appendices A-I.




2. Methodology

2.1 Submitted Samples

The research team received a total of 32 lamp samples that included 20 LED lamps and 12
halogen lamps. Four suppliers provided LED lamps, and three other suppliers provided
halogen lamps. The number of samples provided by each supplier was:

J. W. Speaker: Four LED samples

Hydra-Tech: Eight LED samples — including four samples each of two types defined by
color temperatures of 7,000 K and 2,800 K

Railhead/Divvali: Four LED samples
Smart Light Source: Four LED samples
AMGLO: Four halogen samples
ePowerRail: Four halogen samples

CML: Four halogen samples

The specifications provided by the suppliers for each of the LED and halogen lamp
samples are summarized in Tables 1 and 2, respectively.

Table 1. LED Sample Specifications Provided by Suppliers

Supplier Model Specifications

Input voltage: 50-90 VDC

Operating voltage: 75 VDC

Current Draw:

1.25 A @ 50 VDC, 0.85 A @ 75 VDC, 0.70 A @ 90
VDC

Candela output: 200,000 cd min.

Nominal LED color temperature: 5000 K
Wattage: 35 W

Input voltage: 14-30 VDC

Amp draw: 1.09 A @ 32 VDC

32-75 VDC Max brightness ditch light

Output (cd): Exceeds 200,000 cd Requirement.
Color temperatures: 7000 K & 2800 K
Wattage: SOW

Input voltage: 75 VDC

CCT: 5500 K

Candela: 174,000 cd

7.5° off center brightness (2x the brightness)
20° beam cut off

Smart SLS-75VDC-60W- | ® Operating voltage: 75 VDC

Light LED-PARS56 e Rated wattage: 60 W
Source Co. e Average bulb life: 50,000 hours

e Color temperature: 3000 K

T W. 554601
Speaker

Hydra-Tech HYD-LOC001.28K
International |  (Hydra-Tech 2800 K)

HYD-LOCO001
(Hydra-Tech 7000 K)

Railhead/ KE-PARS56 75V LED
Divvali




Figure 1: LED Samples Supplied by J.W. Speaker, Hydra-Tech International,
Railhead/Divvali, and Smart Light Source Co. (Left to Right)

Table 2. Halogen Sample Specifications Provided by Suppliers

Supplier Model Specification Summary
Design voltage: 75 VDC
Design watts: 350 W
Minimum candela: 200,000 cd
Lab life: 2,000 hours

Design voltage: 30 VDC
Design Power: 250 W

Cd peak: 200,000 cd min.

Cd + 7.5°: 3,000 cd min.

Cd £ 20°: 400 cd min.
Average life: 2,000 hours
Average life: 4,000 hours
Candela: 200,000 cd

Wattage: 200 W

Input voltage: 75 VDC

AMGLO AHQV56-75V350WCS

CMQ5630250
CML Q

ePowerRail FRA350PARS56-SP

Figure 2: Halogen Samples Supplied by AMGLO, CML, and ePowerRail (Left to
Right)

2.2 Testing Protocol

Three samples of each lamp model were tested, with one reserved as a backup in the event
of any unforeseen circumstances. A total of 24 samples, 15 LED and 9 halogen lamps,
were tested at Intertek’s photometric lab under the researchers’ guidance and supervision.

For each sample, photometric and colorimetric measurements were recorded and analyzed.
Each LED sample was operated for a period such that stabilization and temperature
equilibrium were reached. In addition, the testing order was randomized for LED and
halogen samples separately (see Appendix D). The following measurements were recorded
for testing of the lamps set to “dim” and “bright” modes:

1. Room temperature (°C) where measurements were taken

2. The candela (cd) distribution over the range of £30° horizontally and £30° vertically at
intervals of 0.5°



3. Voltage (V), Current (A), and Power (W)
4. Color temperature (K)

5. Dominant wavelength (nm)

2.2.1 Photometric Testing

The researchers completed all photometric testing at Intertek’s photometric lab in
Kentwood, Michigan. Intertek’s lab equipment includes a light tunnel and a type A
goniophotometer (see Figure 3). All equipment was properly calibrated and traceable to the
National Institute of Standards and Technology, National Research Council Canada, and
Euromet members (see Appendix A). The average ambient temperature inside the light
tunnel was approximately 24 °C.

Each lamp sample was mounted and aligned to approximate locomotive orientations,
meaning the headlamp was aimed parallel to the tracks. The inherent design differences in
the light fixtures resulted in an expected variation in the alignment between samples — i.e.,
variability in alignment within samples of the same model and between headlight models.
Alignment of the candela distribution was adjusted during post-processing of the data by
orienting the maximum candela location to 0° vertical and 0° horizontal. After each LED
sample was powered on and allowed to reach steady-state operation, luminous intensity
values in the bright and dim modes were taken for a total range of £30° horizontally and
+30° vertically with respect to the centerline of the headlights, at intervals of 0.5°. Note
that, depending on the lamp model, different modes for engaging the dim mode were
required. Upon discussion with Smart Light Source and Railhead/Divvali, a 4.5-ohm and a
15-ohm series resistance on the 75 VDC power supply was needed to test their LED
samples in dim mode (see Appendix B for circuit diagram).

Raw candela values were reported in two different formats:
1. Raw candela values saved in “.csv” format.

2. Raw candela values saved in “.ies” format per the LM-63 standard from the
[lluminating Engineering Society.

Figure 3. Test Setup at Intertek’s Photometrics Lab
(Frontal View of the Hoffman Goniometer)

7



2.2.2 Colorimetric Testing

After luminous intensity measurements were recorded, and while the sample was still
installed and aligned in the goniometer, the Sony ILX511B spectrometer (see Appendix A)
was introduced into the light tunnel to measure the color temperature of the sample in both
bright and dim modes.! The dominant wavelength of the light was also measured.

Figure 4 shows two color temperature measurements being taken inside the light tunnel,
one for a lamp with a relatively warm light color temperature (Figure 4a) and another for a
lamp with a cooler light color temperature (Figure 4b). For LED samples, color
temperature measurements for the bright and dim modes were taken. For halogen samples,
color temperature measurements were taken only in bright mode due to the continuously
variable light output produced during operation in dim mode. All halogen samples included
a PAR 56 keyed back plate; however, the rear surface was not smooth and added additional
uncertainty in sample alignment.

(a) Relatively Warm Light Color (b) Relatively Cool Light Color
Temperature Temperature

Figure 4. Photometric Test Setup for Colorimetric Measurements

! Only valid for LED samples; values for halogen samples only include bright mode.
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3. Analysis and Results

Raw candela data was analyzed using custom software developed in MATLAB
(MathWorks, Inc.) to develop photometric plots and calculate the appropriate candela and
color temperature values. In addition, Autodesk 3DS MAX and the V-Ray rendering
engine rendered accurate representations of the light color temperatures. The results in this
report are based on a limited number of random samples and may not represent the overall
performance of their corresponding population. These samples were assumed to be from a
homogenous population produced under consistent manufacturing processes.

3.1 Photometric Distributions

To visualize the different photometric features of samples, ISO-candela and surface plots
were generated (see Figure 5 and Figure 12). These plots provided a method for evaluating
the photometric characteristics of a light source. For instance, Figure 5 shows a set of two
plots, an ISO-candela plot (left) and surface plot of photometric distribution (right). The
ISO-candela plot shows a 2-dimensional view of luminous intensity with respect to the
vertical and horizontal angles. The surface plot shows the same relationship, but with
luminous intensity as a third dimension.

The telling feature in these plots is shape. In the ISO-candela plot, the outer-most contour
shows that for all LED samples, other than the sample submitted by Smart Light Source,
most of the light was contained approximately within £10° of the center of light source.
This outer-most contour can be thought of as the base of a mountain, as represented in the
3-dimensional surface plot. A wider base would represent wider distribution of
illumination, and a taller peak would represent greater luminous intensity. The Smart Light
Source sample (Figure 9) had a wider base, approximately =15°. This implies a greater area
of illumination and potentially higher candela values at 7.5° horizontally from the
centerline of the light source when compared to other samples tested.

The different colors in the ISO-candela plot illustrate different levels of luminous intensity,
transitioning from blue to yellow, with yellow representing higher candela values. Each
contour line represents a change in luminous intensity. Closer to the origin, the 0° — 0°
point, the number of contour lines is correlated with the change in luminous intensity. A
greater number of yellow contours lines in the center of the ISO-candela plot is associated
with more rounded peaks in the surface plot (see Figure 8), while fewer contour lines are
associated with more pointed peaks (see Figure 5).

Overall, the shape of the LED samples’ illuminance maps showed contours and surfaces
within the ranges of those shown by the halogen lamps. In fact, the shapes and contours of
the halogen lamps were less uniform and consistent than those of the LED lamps. For
instance, the dual filaments inside the AMGLO halogen lamp produced a double-peaked
distribution with greater lateral light spread (see Figure 10) than lamps with a single
filament. The ePowerRail lamp produced contour lines that were less rounded and uniform
when compared to LED samples. In short, the more uniform and constant photometric
shapes demonstrated by the LED samples suggest less variability in the amount of
luminous intensity produced in all directions, especially those relevant to 49 CFR
§229.125.



ISO Candela Plot

30 : : : .
x10°
20 - 1
= 2

— =
> 10 1 >
kSl 7]
g =
@ 2
(=] =
g of o gl . =
<_( o 2}
[V o
2 £
5 E
210t . 3

20 F 4

0
30 . . . . . ) 20 20
30 20 10 0 10 20 30 Vertical Angle (deg) -30
Horizontal Angle (deg) Horizontal Angle (deg)

Figure 5. Raw Photometric Distribution for J.W. Speaker LED Samples
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Figure 6. Raw Photometric Distribution for Hydra-Tech 2800 K LED Samples
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Figure 7. Raw Photometric Distribution for Hydra-Tech 7000 K LED Samples
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Figure 9. Raw Photometric Distribution for Smart Light Source Samples
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Figure 11. Raw Photometric Distribution for ePowerRail Halogen Samples
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Figure 12. Raw Photometric Distribution for CML Halogen Samples
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3.2 Luminous Intensity Comparisons

Due to the inherent design of each lamp, alignment variations (£2°) within and between
samples were found — i.e., variation within samples of the same model and between
headlight models. To fairly compare the luminous intensity of all samples to the 49 CFR
§229.125 regulation, the raw orientation with respect to the maximum candela value was
realigned and set to 0° on both the horizontal and vertical orientations.

3.2.1 Luminous Intensity at 0°

Of all 24 samples tested, 6 lamps did not meet the required minimum peak luminous
intensity (200,000 cd) when operating in a single-lamp headlight arrangement. However,
all samples tested met the requirement when operating in a dual-lamp headlight
arrangement. Three of the six lamps that did not meet the single-lamp requirement were
supplied by Railhead/Divvali. Via a written note to the research team, Railhead/Divvali
provided specifications of their lamps. The specifications provided in the note claimed a
luminous intensity of 170,000 cd and color temperature of 3,000 K, which matches the
measured values in this study (see Table 4).

Of the three remaining lamp samples that did not meet the minimum luminous intensity
requirement, two samples (one LED sample from Smart Light Source at 199,933 cd and
one halogen sample from CML at 195,110 cd) were borderline compliant with the 200,000
cd requirement. These values are within measurement variation and should not be of
concern, particularly given that the other two tested samples of the same models produced
values well over the regulation. Only one sample, submitted by Hydra-Tech International
(LED sample Hydra-Tech 2,800 K producing 172,297 cd) was found to be well below the
regulatory requirement and the claimed intensity provided in the supplier’s specifications.

3.2.2 Luminous Intensity at 7.5°

At an angle of 7.5° from the headlamp center, all samples tested were well above the
required minimum intensity of 3,000 cd. However, a noteworthy difference was found
between the measured luminous intensity of halogen and LED samples at this orientation.
Some halogen samples produced an intensity greater than 60,000 cd, while LED lamps
produced a maximum of approximately 16,000 cd.

3.2.3 Luminous Intensity at 20°

At an angle of 20° from the headlamp center, all samples tested exceeded the required
intensity of 400 cd. This orientation contained the least amount of variance between the
measured luminous intensity across all samples, including both halogen and LED lamps.
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These results indicate key differences in the type of light distribution provided by halogen
and LED lights. The higher candela values of halogen lamps at 7.5°, and the similar values
in both types of lamps at 20° from the centerline of the locomotive, suggest different
illuminance patterns (i.e., amount of light falling on a surface). Halogen lamps produced a
wider lateral spread of light than LED lamps. These differences become more apparent by
quantifying the amount of light that reaches a surface (e.g., ground) away from the light
source at given distances. Such quantification of light can be referred to as an illuminance
map, as discussed later in this report.
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Figure 13. Ranges of Measured Luminous Intensity
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Table 3. Photometric Results for All Samples in Bright Mode

Max. Avg. Avg. DC
Candela Candela Candela Input Input Input
Sample Light @ 0° @ 7.5° @ 20° Voltage Current Power

Supplier ID Type (cd) (cd) (cd) (4\%) (A) W)
Hydra-Tech 2800 K) SS5LED  LED 232437 3,312 817 75 0.6075  45.56
Hydra-Tech 2800 K) S9LED  LED 244,603 3,984 924 75 0.609  45.68
Hydra-Tech 2800 K) SI3LED LED 172297 3,606 1,461 75 0.6105  45.79
Hydra-Tech (7000 K) S1LED  LED 307,361 3,827 2,494 75 0.618  46.35
Hydra-Tech (7000 K) S10LED LED 282,960 4,286 2,894 75 0.6215  46.62
Hydra-Tech (7000 K) SISLED  LED 298,094 4,752 2,658 75 0.6225  46.69

J.W. Speaker S2LED  LED 231,009 8287 1,072 75 04815  36.11
J.W. Speaker S4LED LED 208883 7,526 1,381 75 0.48 36
J.W. Speaker SSLED LED 201,350 7,141 1,261 75 0479 3592

Rgilvl've;f/ STLED  LED 172,446 6,222 530 75 0525  39.38

Rgilvhve;?/ SIILED LED 176280 6,465 1,603 75 05265  39.49

R;ilvhve:lf/ SIZLED LED 173,694 7,481 756 75 05225  39.19

Smart Light Source S3 LED LED 200,291 15,991 505 75 0.969 72.67
Smart Light Source ~ S6LED  LED 199,933 15,582 436 75 0.879  65.92
Smart Light Source  SI4LED  LED 202,525 15,940 536 75 0.9305  69.78

AMGLO S4HAL Halogen 220,264 53394 1,557 75 4.8605  364.53

AMGLO S6 HAL Halogen 223,469 41,588 811 75 4884 3663

AMGLO STHAL Halogen 221,568 51,907 914 75 4959 37191

CML S1HAL Halogen 265120 8250 949 30 82425 24727
CML S2HAL Halogen 235968 13380 1,110 30 82415 247.25
CML S9HAL Halogen 195,110 13,645 736 30 8295  248.85
ePowerRail S3 HAL  Halogen 255,044 26,091 1,078 75 4.713 353.48
ePowerRail SS HAL  Halogen 270,328 22,470 1,206 75 4.574 343.05
ePowerRail S8 HAL  Halogen 238,264 23,542 1,152 75 4.659 349.42

3.3 Luminous Intensity in Dim Mode

During certain movements of a locomotive, the headlamps are set to dim mode instead of
bright mode. The locomotive’s electrical system accomplishes this by switching the normal
75 VDC supply to a lower voltage 30 VDC supply. One of the technical issues that arose
during testing was the different method required to engage dim mode for the various lamps
tested. For instance, Hydra-Tech samples could operate in dim mode by reducing the input
voltage. J.W. Speaker samples had an additional wire integrated in their circuitry that
allowed dim mode to be engaged. For the samples submitted by Railhead/Divvali and
Smart Light Source, a direct reduction in voltage did not allow the sample to operate in
dim mode. Per these manufacturers’ specifications, a 15-ohm and a 4.5-ohm series
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resistance on the 75 VDC power supply was used. Due to the difference in lamp circuitry,
different modes of engaging the dim setting were tested for different samples (see Table 5).

Another technical issue found while measuring lamp color temperature was the diverse
geometry of the lamps. For instance, all halogen samples use housings with similar
geometry and a PAR 56 keyed back plate. However, the rear surface of the lamps was not
smooth and added uncertainty in aligning the lamp with the target. Most LED samples,
which also included PAR 56 keyed back plates, had flat rear surfaces and allowed for more
repeatable photometry alignments.

Table 4. Photometric Results for All Samples in Dim Mode

Sample Name Sample Max. Avg. Avg. Input Input Input Engaging
ID Candela @ Candela @ Candela @ Voltage Current Power Mode
0° (cd) 7.5° (cd) 20° (cd) V) (A) W)
Hydra-Tech Reduced
S5 LED 214,962 2,414 769 30 1.22 36.55
(2800 K) Voltage
Hydra-Tech Reduced
S9 LED 222,321 2,664 822 30 1.22 36.68
(2800 K) Voltage
Hydra-Tech Reduced
S13 LED 162,482 2,668 762 30 1.22 36.46
(2800 K) Voltage
Hydra-Tech Reduced
S1 LED 286,104 3,527 1,597 30 1.22 36.55
(7000 K) Voltage
Hydra-Tech Reduced
S10 LED 265,542 3,604 1,026 30 1.21 36.17
(7000 K) Voltage
Hydra-Tech Reduced
15 LED 220,982 ,664 1, 1.1 .62
(7000 K) S15 0,98 3,66 066 30 9 35.6 Voltage
J.W. Speaker S2 LED 26,117 928 104 75 0.07 5q  [ntegrated
Wire
Integrated
J.W. Speaker S4LED 17,817 824 97 75 0.07 4.99 Wire
Integrated
J.W. Speaker S8 LED 21,582 856 102 75 0.07 4.91 Wire
15 Ohms
Railhead/Divvali S7 LED 99,906 4,719 306 75 0.29 21.69 Series
Resistance
15 Ohms
Railhead/Divvali  S11 LED 94,863 4,393 279 75 0.27 19.93 Series
Resistance
15 Ohms
Railhead/Divvali S12 LED 92,519 4,451 259 75 0.25 18.83 Series
Resistance
. 4.5 Ohms
Smart Light S3LED 51,677 4,240 139 75 019 1418 Series
Source .
Resistance
. 4.5 Ohms
Smart Light S6LED 49,780 3,934 124 75 020 1542 Series
Source .
Resistance
. 4.5 Ohms
SmartLight g i1 ED 53,257 3,958 135 75 019 1418 Series
Source .
Resistance

As shown in Table 5, a direct reduction of voltage to 30 VDC did not dim the Hydra-Tech
lamps in a significant manner, resulting in a 7 percent reduction of light output compared
16



to its maximum candela value. However, they did produce a continuously variable output
from 14 to 30 VDC. In other words, these lamps could be dimmed at greater percentages
by further decreasing the input voltage; however, this would not be backward compatible
with existing locomotives that utilize 30 VDC supply for dimming the headlamps.

Samples from J.W. Speaker dimmed significantly (89 percent of its peak luminous
intensity) when engaged via the integrated wire. Similarly, the series resistance used for the
Railhead/Divvali and the Smart Light Source Co. dimmed their samples by 43 percent and
74 percent, respectively. When direct reduction of voltage was applied to these three light
models, the samples did not dim in the same manner as the Hydra-Tech samples.

Based on these results, it seemed that the samples submitted by Smart Light Source and
Railhead/Divvali were suitable to retrofit the headlights and auxiliary lights on a
locomotive equipped with halogen lamps.

Without any existing guideline there was no objective point of reference to declare which
level of dimming is more suitable for a locomotive. In addition, there is no specific
required luminous intensity in 49 CFR §229.125 for headlights and auxiliary lights in dim
mode. There is, however, in paragraph (b) of the 49 CFR §229.125, some indication
regarding the luminous intensity that locomotives in yard service should produce, which is
a minimum of 60,000 cd. This is 30 percent of the required luminous intensity for a
headlight used in road service. This could serve as an evaluation guideline or reference
point. Some guidance may be borrowed from the automobile industry; for instance, the
Federal Motor Vehicle Safety Standards 108 specifies the following limits [1]:

1. For Type 2 or 2A: Upper beam limited to 20,000 to 75,000 cd per lamp. Lower beam
limited to 15,000 to 20,000 cd per lamp.

2. For Type 1 or 1A Lights: Upper beam limited to 18,000 to 60,000 cd per lamp.

For the purposes of this report and to establish an equal basis for comparison, two
assumptions were made: (1) dim mode is engaged via a series resistance that dims
headlights by 70 percent, and (2) paragraph (b) of 49 CFR 229.125 is assumed as a
reference point for evaluation. Based on these two assumptions, most single-lamp
headlights meet this proposed requirement. As stated previously, Railhead/Divvali
specified a value of 174,000 cd for their samples; hence, the lower value seen in Table 6.

Table 5. Estimated Photometric Values for LED Samples at a Proposed
70%-Dim Mode

Max. Candela Avg. Candela Avg. Candela

@ 0° @ 7.5° @ 20°
Sample Name (cd) (cd) (cd)
Hydra-Tech (2,800 K) 64,934 1,090 320
Hydra-Tech (7,000 K) 88,842 1,286 805
J.W. Speaker 64,124 2,295 371
Railhead/Divvali 52,242 2,017 289
Smart Light Source 60,275 4,751 148
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3.4 Colorimetric Results

Of the 24 samples tested, 6 samples fell outside of the recommended range of color
temperature provided by the AAR TAG (2,700 K — 3,300 K). Note, however, that these
lights did match the color temperature specified by the supplier, within £10% variation also
recommended by the AAR TAG. These six samples were provided by two suppliers, J.W.
Speaker and the 7,000 K model provided by Hydra-Tech International (see Table 7).

All halogen samples produced color temperatures around 3,100 K. Additionally, LED
samples provided by Railhead/Divvali and Smart Light Source, as well as the Hydra-Tech
2,800 K lamps, fell within the guidelines recommended by the AAR TAG. The dominant
wavelength was found to be consistent between LED and halogen samples, with LED
averaging approximately 487 nm and halogen samples averaging approximately 490 nm.
These wavelengths correspond to a point between the pure spectral colors of blue and
green.
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Table 6. Maximum Candela and Colorimetric Results for All Samples in Bright Mode

Max. Peak
Sample Light Candela CCT  Apom A
Supplier ID Type @0°(cd) (K) (nm) (nm)

Hydra-Tech (2,800 K) SSLED LED 232,437 3,181 491 622
Hydra-Tech (2,800 K) S9 LED LED 244,603 3,203 489 617
Hydra-Tech (2,800 K) S13 LED LED 172,297 3,188 492 616
Hydra-Tech (7,000 K) S1 LED LED 307,361 6,475 483 450
Hydra-Tech (7,000 K) S10 LED LED 282,960 6,614 482 450
Hydra-Tech (7,000 K) S15LED LED 298,094 6,482 483 450

J.W. Speaker S2 LED LED 231,009 5,743 484 445
J.W. Speaker S4 LED LED 208,883 5,984 484 448
J.W. Speaker S8 LED LED 201,350 5,915 484 448
Railhead/Divvali S7 LED LED 172,446 2,947 490 603

Railhead/Divvali S11 LED LED 176,280 2,930 500 603
Railhead/Divvali S12 LED LED 173,694 2,937 496 603
Smart Light Source S3 LED LED 200,291 3,233 484 599
Smart Light Source S6 LED LED 199,933 3,210 484 600
Smart Light Source S14 LED LED 202,525 3,184 484 604

AMGLO S4 HAL.  Halogen 220,264 3,068 491 622
AMGLO S6 HAL.  Halogen 223,469 3,100 491 617
AMGLO S7HAL  Halogen 221,568 3,102 491 616
CML S1 HAL  Halogen 265,120 3,109 491 450
CML S2 HAL.  Halogen 235,968 3,086 490 450
CML S9 HAL  Halogen 195,110 3,049 492 450
ePowerRail S3 HAL  Halogen 255,044 3,148 490 445
ePowerRail S5 HAL.  Halogen 270,328 3,126 490 448
ePowerRail S8 HAL.  Halogen 238,264 3,113 490 448

3.5 Colorimetric Comparisons

To visualize and compare these different colors, two methods were employed —
Commission Internationale de 1'Elcairage (CIE) chromaticity diagrams and accurate virtual
renderings of color temperature.

3.5.1 CIE Chromaticity Diagrams

The x-y coordinates corresponding to each lamp were plotted on a CIE 1931 chromaticity
diagram.? As shown in Figure 14, all samples tested fell close to the standard illuminant

2 Plotted using the Colour toolbox accompanying the 2nd of Computational Colour Science using MATLAB [14].
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curve (defined by the dashed white line), which was integrated by using the white points of
standard illuminants as defined by the CIE illuminants (i.e., incandescent/tungsten, direct
sun light at noon, horizon light, etc.) [12].

The CIE diagrams were plotted in three different versions; Figure 14 includes all samples.

Figure 15 shows data points by supplier, and Figure 16 shows the average coordinates of
each model submitted by type of lamp. As shown in Figure 16, there are two points in the
region closer to the blue color region. These samples corresponded to the light models that
fell outside the color temperature range recommended by the AAR TAG.
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Figure 14. CIE Chromaticity Diagram for All Samples

To provide additional context to these results, three white points of standard illuminants
were also plotted in Figure 15 and Figure 16 — a square representing the standard
illuminant D65 (also referred to as noon daylight), a triangle representing the equal energy
standard illuminant (also referred to as illuminant E), and a diamond representing standard
illuminant A (also referred to as incandescent/tungsten).
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Figure 15. CIE Chromaticity Diagram by Supplier

In Figure 15, data points corresponding to the x-y coordinates of each lamp model are
color-coded in different shades of gray, with the lightest data point corresponding to the
coolest light (Hydra-Tech 7,000 K) and the darkest data point corresponding to the
warmest light (Railhead/Divvali). The latter has a color temperature similar to that of the
standard illuminant A, which was intended to represent tungsten-filament lighting.

The data points presented in Figure 16 have a binary color code, black points for halogen
models, and white points for LED lights. As shown in Figure 16, the two LED light models
(Hydra-Tech 7,000 K and J.W. Speaker) outside of the AAR TAG-recommended color
range are close to the standard illuminants E and D65. [lluminant D65 was used as a
theoretical reference that assigns equal weight to each wavelength and is often used to
represent natural daylight.
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Figure 16. CIE Chromaticity Diagram by Type of Light

3.5.2 Colorimetry in Dim Mode

The current state of LED technology allows for LEDs to be dimmed without significantly
changing their color characteristics. This is primarily achieved through pulse-width
modulation. Therefore, LED samples were not expected to vary significantly in color
temperature between bright and dim modes.

As expected, color temperatures between the bright and dim modes did not vary
significantly (see Table 8), although there was a slight decrease in color temperature for all
LED samples. This change in color temperature was neither significant nor detectable for
human perception.
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Table 7. Colorimetric Comparisons Between Bright and Dim Mode for LED Samples

Bright Mode Dim Mode
Avg. Avg. Avg. Avg. Avg. Avg.
CCT ADom Peak CCT Apom  Peak A
No. Supplier (K) (nm) (nm) (K) (nm) (nm)
1 Hydra-Tech 7000 K 6,567 483 450 6,475 483 449
2 Hydra-Tech 2800 K 3,198 491 618 3,177 490 618
3 J.W. Speaker 5,881 484 447 5,811 484 447
4 Smart Light Source Co. 3,209 484 601 3,100 481 603
5 Railhead Co / Divvali 2,938 495 603 2,892 545 605

Due to the nature of halogen lamps, a decrease in color temperature is expected with the
dimming of the lamp. Dimming a halogen lamp requires lowering the actual temperature of
the filament by reducing the input voltage. To demonstrate this relationship, a halogen
lamp selected at random was tested in three different modes. As shown in Table 9, the
color temperature of the sample decreased significantly as the halogen light dimmed.
Compared to halogen lamps, LEDs exhibited greater color temperature stability with
respect to changes in luminous intensity.

Table 8. Color Temperature Change of Halogen Sample with Respect to Dimming

Percentage
Resistor CCT Color Change
A imate Dimming ¢
pproximate Dimming % (0.5 Ohms) (K) (%)
0 - 3,153 -
55 4.5 2,853 ~10
95 15 2,310 ~26
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4. Discussion

The combination of light produced from a locomotive and projected onto any surface will
vary based on the geometry of the headlights and auxiliary lights. Some locomotives are
equipped with a dual-lamp headlight, while others have a single-lamp headlight.
Additionally, locomotives equipped with dual-lamp headlights can have two different
arrangements, either vertically stacked or horizontally aligned.

In addition, the height of the lamps above the rails can differ between locomotive models.
For example, the dual-lamp headlight housing may be located below the cab on the
locomotive’s nose or above the cab near the roof. Regardless of the locomotive’s geometry
and light arrangement, all designs must comply with the requirements established in 49
CFR §229.125. To illustrate the illumination created by the lamp samples tested in this
study, AutoCAD was used to create a 3-dimensional model of a locomotive and a human.
The geometry of a GP-38 locomotive was used and a human male with 50" percentile
height (69.1 inches), resulting in the model shown in Figure 17. The locomotive and
human representations were placed on a model of typical railroad tracks with the human
located 800 feet from the locomotive’s headlights. Illuminance maps were then imported
and overlaid onto the locomotive-human model, with the illuminance map origin centered
on the GP-38’s headlights.

3.06

0.72

Figure 17. Basic Train-Human Schematic (All Dimensions Shown in ft)
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4.1 Human Factors Considerations on Luminous Intensity and llluminance

Paragraph (a) of 49 CFR §229.125 states that a locomotive operating in road service
should be able to illuminate a person 800 feet directly ahead of the locomotive. To test for
compliance with this requirement, it is necessary to calculate the amount of light falling on
a person located at this distance.

The amount of light falling on a given surface is referred to as illuminance and is measured
in lux (or foot-candles). It is the common measurement offered by most handheld light
meters used for photography and safety purposes. In the case of the lamps tested in the
present study, illuminance produced in a particular direction can be calculated using the
inverse square law, as indicated in the following equation:

I
E = 7 (4.1)
Where,
E is the illuminance at any point on a plane perpendicular to the line joining the point
and the light source,
1 is the luminous intensity in a given direction, and
d is the distance between the source and the plane.

Using custom software developed in MATLAB, illuminance maps were developed to
simulate various arrangements of lamps and housing heights. The geometry utilized to
calculate illuminance maps shown below was based on the locomotive model detailed in
Figure 17.

To evaluate compliance with the illumination requirement established in 49 CFR
§229.125(a) it is necessary to set an illuminance threshold, a level of light at which an
observer would have minimum visibility. No threshold is specified in 49 CFR §229.125(a);
however, the automotive industry standard SAE J2829 uses a threshold of 3 lux (Ix)
(approximately 0.279 foot-candles) [13]. Based on this standard, low beam headlamps for
the automotive industry in the USA are designed to project 3 Ix of light up to 100 meters in
front of the vehicle. An illuminance of 3 Ix is equivalent to the amount of natural light just
before sunrise and after sunset, also called civil twilight.

The illuminance maps produced in this study used this detection threshold as the minimum
illuminance contour line for each lamp tested. Figure 18 shows two illuminance maps, one
for a dual-lamp headlight (a) and another for a combination of one dual-lamp headlight and
two auxiliary lights (b). The outer-most contour line of these illuminance maps represents
the 3 Ix threshold; the region inside the colored contour represents a higher level of
illumination with the yellow region representing illuminance greater than 53.82 1x (~5
foot-candles). Plot (a) in Figure 18 shows that more than 3 Ix of illuminance reaches the
ground 800 feet away from the light source, and within a lateral spread of £25 feet from the
track centerline. Considering the amount of light falling only on the ground is not sufficient
to ensure full illumination of a person. A headlight should produce similar levels of
illuminance at heights corresponding to a typical human’s knees to chest. Figure 18 (b)
shows that the illuminance level at 4 feet above the ground is equal to the illuminance
projected on the ground.
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Figure 18. Illuminance Maps for a Smart Light Source Sample Arranged in a

Vertical Dual-Lamp Headlight

To better understand the role of illuminance in the context of a locomotive in road service,
illuminance maps were superimposed onto the locomotive-human model previously
described. Figure 19 and Figure 20 show a 3-way view of this integration; in Figure 19 the
illuminance map is projected at ground level, and in Figure 20 projected 4 feet above
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ground level. Both figures show that levels of illuminance greater than 3 Ix surround the
human figure, from feet to chest height. In addition, the vertical lamp arrangement, aimed
parallel to the track, and the height of the locomotive’s headlights produces greater levels
of illuminance for planes higher than ground level. This is evident by the additional
contour lines and yellow area shown in the illuminance maps projected 4 feet above ground
in plot (b) of Figure 18 and the 3-way views in Figure 20.
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Figure 19. Three-Way View of an Illuminance Map at Ground Level for a Smart Light
Source Dual-Lamp Headlight (S3 LED)
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Figure 20. Three-Way View of an Illuminance Map at 4 Feet Above Ground Level for a
Smart Light Source Dual-Lamp Headlight (S3 LED)

Each sample produced a different combination of contour lines that represent levels of
illuminance. The total illuminance coverage of each sample is defined by different shapes
and light intensities. All LED samples produced different but comparable areas of
illuminance. The samples submitted by Hydra-Tech and J.W. Speaker have an area focused
along around the track, while the Railhead/Divvali and the Smart Light Source samples
produced wider distribution of illuminance along the track wayside (see Figure 21).
Additional 3-way views of illuminance maps for all samples can be found in Appendix G.
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Compared to halogen samples, all LED samples exhibited a more focused and uniform
pattern of illumination along the tracks. In contrast, halogen samples exhibited a wider
distribution of illuminance coverage away from the track centerline, similar to the
illumination produced by floodlights. The LED samples with the widest distribution of

illumination was the Railhead/Divvali lamps, but this distribution was more uniform than

observed in halogen samples. In general, all LED samples produce more focused

illumination along the tracks than halogen lamps. Additional illuminance maps for all

samples can be found in Appendix F.
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4.2 Human Factors Considerations on Colorimetry

4.2.1 Virtual Renderings of Color Temperature

CIE chromaticity diagrams provide a standard reference for colors that can be perceived by
the human eye; however, these diagrams cannot provide an immediate sense of color
perception or recognition when multiple colors must be compared. An alternative method
to compare two or more colors is to have accurate representations of each color.

For this study, virtual renderings of color temperature were used. Using Autodesk’s 3DS
Max in conjunction with the V-Ray rendering engine, accurate representations of each
lamp’s color temperature were rendered. These images were rendered using a virtual
illuminant defined by a single “.ies” file projected onto a white wall, and changing the
corresponding color temperature of each sample. These results provided a side-by-side
comparison of color temperature for all lamp models (see Figure 23 and Figure 24).

These renderings showed significant differences in color between LED samples. The
samples submitted by Smart Light Source, Railhead/Divvali, and Hydra-Tech (2,800 K)
displayed a warmer color that is more comparable to halogen lights than the LED samples
submitted by J.W. Speaker and Hydra-Tech (7,000 K). However, in any of these
comparisons there are advantages and disadvantages to consider. A cooler light such as that
produced by the J.W. Speaker and Hydra-Tech (7,000 K) samples offers higher contrast
ratios for the locomotive operator in low light conditions and potentially greater
detectability for observers external to the locomotive. However, lamps producing a cooler
light at such high intensities may be more likely to cause discomfort glare for observers
outside the locomotive compared to warmer lights.
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(a) CML -3,081 K (b) ePowerRail — 3,129 K (¢c) AMGLO -3,090 K
Figure 23. Virtual Color Renderings of Halogen Lamps?

(a) J.W. Speaker — (b) Hydra-Tech (2800 K) — (¢) Hydra-Tech (7000 K) —
5,888 K 3,198 K 6,567 K

(d) Smart Light Source — 3,209 K (e) Railhead/Divvali — 2,938 K
Figure 24. Virtual Color Renderings of LED Lamps®

3 The accuracy of these renderings depends upon the displaying method — e.g., print v. digital display.
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5. Conclusion

Comparison of LED and halogen lamps for use as locomotive headlights is a multi-faceted
issue which requires a careful analysis to ensure the safety of railroad operations is not
compromised. At a basic level, the regulatory requirements established in 49 CFR
§229.125 must be satisfied, specifically the headlights must produce at least 200,000
candela and be able to illuminate a person standing 800 feet directly in front of the
locomotive. Additionally, the AAR Locomotive LED Headlight-Auxiliary Light Standard
TAG provided a recommend color temperature range for suitable locomotive headlights.
The following findings are based on testing completed as part of this study as well as a
literature review of relevant work in the automotive, marine, and aviation industries.

1. When used in a dual-lamp headlight arrangement, all LED lamps were capable of
meeting the peak luminous intensity requirements established in 49 CFR §229.125. If
used in a single-lamp headlight arrangement, four of the five tested lamp models were
capable of meeting the CFR luminous intensity requirements. However, all lamp
models met their own claimed specifications, and it is likely that with slight
modifications the Railhead/Divvali LED lamps could meet the applicable regulatory
requirements in a single-lamp headlight arrangement.

2. All tested LED lamps exhibited more uniform and consistent photometric distributions
than halogen lamps. These attributes of LED lamps suggest less variability in luminous
intensity produced in all directions, especially those relevant to 49 CFR §229.125.

3. Halogen lamps produced a wider lateral spread of illuminance than LED lamps. In
contrast, the illuminance produced by LED lamps focused along the tracks and ahead
of the locomotive. The difference in illuminance between the two types of lamps was
evident by the higher levels of luminous intensity produced by halogen lamps at the
7.5° and 20° orientations.

4. The levels of luminous intensity produced in dim mode varied significantly between
models, as did the method for engaging dim mode. The authors propose that paragraph
(b) of 49 CFR §229.125 be used as a guideline for fulfilling regulatory requirements of
luminous intensity for a headlight operating in dim mode.

5. Three of the five tested LED lamp models produced colorimetric results that fell within
the color temperature range and allowable variation recommended by the TAG. The
J.W. Speaker and Hydra-Tech (7,000 K) LED models produced higher color
temperatures but met suppliers’ specifications for color temperature.

6. All halogen lamps produced colorimetric results that fell within the recommended color
temperature range. As expected, color temperatures decreased significantly with
dimming percentage.

7. The dominant and peak wavelengths of the color spectrum for the LED and halogen
lamp models was consistent across all lamps as well as within model samples.

8. When operating in bright mode, all tested models and samples (both LED and halogen)
can produce significantly more than 3 Ix of illuminance at a distance of 800 feet
directly ahead of the locomotive.
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Abbreviations and Acronyms

AAR Association of American Railroads
ANSI American National Standards Institute
CCT Correlated Color Temperature

cd Candela

CFR Code of Federal Regulations

CIE Commission Internationale de I'Elcairage
FRA Federal Railroad Administration

HID High Intensity Discharge

K Kelvin

LED Light-Emitting Diode

Ix Lux

nm Nanometer

SAE Society for Automotive Engineers
TAG Technical Advisory Group
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WRITTEN APPROVAL FROM SAPPHIRE TECHNICAL SOLUTIONS.
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www.sapphirests.com
mail@sapphirests.com
(704) 889-8080 (Phone); (866) 829-1502 (Fax)

Certificate of Calibration # 4309

Calibration Date: 06/08/2017 Part Number: STD-DZE

Procedure Description: Bulb was positioned 10 feet from the detector, with serial numbers facing away from the
detector. Voltage polarity was correctly applied according to bulb markings ( "+" on left facing detector from behind the

bulb.) Bulb was then slowly ramped up to nominal candela value, and allowed to thermally and electrically stabilize for
10 minutes. Bulb current, voltage and CCT were then measured.

Photometric and Electrical Data

Bulb Type SIN Luminous Measured Set Current Corr. Color
Intensity Voltage (Amps) )
STD-DZE HEC-3207 (Candela) (Volts DC) Temperature (K)
Incoming Values (In tol. Of +/-2% cd) 1554 16.23 4.886 2889
Qutgoing Values (In Tol. Of +/-2% cd) 155.0 16.22 4.384 2888
% Deviation from incoming -0.21 -0.06 -0.04 -0.02
Temp (C): 22.1
RH%: 38
Bulb Type S/IN Luminous Measured Set Current Corr. Color
Intensity Voltage (Amps) )
STD-DZE HEC-4655 (Candela) (Volts DC) Temperature (K)
Incoming Values (In tol. Of +/-2% cd) 150.8 16.59 4.789 2869
Outgoing Values (In Tol. Of +/-2% cd) 150.0 16.56 4783 2868
% Deviation from incoming -0.59 -0.19 -0.11 -0.03

Temp (C): 221
RH%: 38

THIS REPORT MUST NOT BE USED TO CLAIM PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY NVLAP, NIST, OR
ANY AGENCY OF THE FEDERAL GOVERNMENT. THIS REPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT
WRITTEN APPROVAL FROM SAFPPHIRE TECHNICAL SOLUTIONS.
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SAP pH I F{ E www.sapphirests.com NVLAP LAB CODE: 200862-0

mail@sapphiresrs.com ISQ/IEC 17025 Accredited
(704) 889-3080 (Phone); (866) 829-1502 (Fax)

Certificate of Calibration # 4309
Calibration Date: 06/08/2017 Part Number: STD-DZE

Expanded Measurement Uncertainty: Uncertainty evaluation is calculated in accordance with the ISO/TAG4/WG3 "Guide to the
Expression of Uncertainty in Measurement” (GUM). The uncertainty represents an expanded uncertainty using a coverage factor of k=2 to
approximate a 95% confidence level. The results contained herein relate only to the item(s) calibrated

Expanded Measurement Lamp Serial Number(s)
Uncertainty at k=2: HEC-3207 HEC-4655
Luminous Intensity (+/-)% 0.84% 0.84%
Correlated Color Temp. (+/-) Kelvin 11 11
DC Current (+/-)% 0.015% 0.016%
DC Voltage (+/-)% 0.050% 0.098%

Eguigment Used: Luminous Intensity transfer standards traceable to N.1.S.T. Spectro-radiometer calibrated with traceability to N.I.S T. Digital
Multimeters used to measure voltage and current are calibrated with traceability to N.I.S.T. D.C. Power Supply calibrated with traceability to N.1.S.T.

Lamp Maintenance: Comparison of the Measured Voltage over time at the rated current is a possible indication of lamp performance. Increased
or decreased lamp voltage can indicate lamp aging, but great care in wiring, electrical contacts, and voltmeter hookup is necessary. A four-wire "kelvin
connection” is recommended with separate power and sense lines at a point as close as feasibly possible to the lamp itself for valid voltage readings.

THIS REPORT MUST NOT BE USED TO CLAIM PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY NVLAP, NIST, OR
ANY AGENCY OF THE FEDERAL GOVERNMENT. THIS REFORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT
WRITTEN APPROVAL FROM SAFPHIRE TECHNICAL SOLUTIONS.
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Sapphire Technical Solutions, L.L.C.

10230 Rodney Street ®
S I 5 Pineville, NC 28134 NV[L I L@
SAPPH I H E www.sapphiresrs,com NVLAP LAB CODE: 200862-0

mail@sapphirests.com ISO/IEC 17025 Accredited
(704) 889-8080 (Phone); (866) 829-1502 (Fax)

Certificate of Calibration # 4309
Calibration Date: 06/08/2017 Part Number: STD-DZE

By accepting this Certificate of Calibration you agree to the following terms and conditions.

TERMS AND CONDITIONS

1. CLIENT INFORMATION

STS assures the client that all testing and calibration services are done in accordance with standard
procedures as applicable and that results of test reports are accurate within generally accepted
commercial ranges of accuracy, unless a specific measure of greater accuracy has been agreed to in
writing by STS and the client. All contracts between STS and the client shall be deemed to be made in
and governed by the laws of the State of North Carolina.

2. REPORTS

All reports produced by STS apply only to the specific sample(s) tested under stated test conditions. Test
results are not necessarily indicative of the qualities of apparently identical or similar test or operating
conditions. STS is not liable for any deductions, inferences or generalizations drawn by the client or
others from STS reports. All work and reports that are the ocutcome of STS services are not governed by
the Uniform Commercial Code. Except as stated in Paragraph 1, STS refuses all warrants of
merchantability or fitness for a particular purpose. STS assumes no liability for incidental or consequential
damages of any nature whatsoever. Any test reports provided to clients by STS shall not be reproduced
except in full without the approval of STS. The client shall not advertise or publish the name, the seal or
service mark, reports, test results, documentation or procedures of STS without written authorization from
STS. Actual or threatened failure by the client to abide by this Paragraph 4 may result in legal action by
STS for injunctive and other relief.

3. LIMITS OF LIABILITY

The client agrees to limit STS’s liability arising from STS’s professional activity, errors, or omissions, such
that the total aggregate liability of STS shall not exceed STS's total fee for the services rendered on the
project in question, except in the case of a finding of gross negligence or willful misconduct on the part of
STS by a court of competent jurisdiction. STS’s liability for damage to or loss or destruction of the client's
property while it is in possession of STS will be limited to the amount STS has agreed to charge the client
for services. STS will not be held liable in the event of delays or failures beyond the control of the
laboratory, caused in whole or in part by fire, flood, accident, riot war, operation of law, government
action, strikes or other labor disturbances, fuel shortages. The client is solely responsibility for any action
taken based on any consulting, recommendations, results, observations, conclusions, discussions, or
data as provided by STS. It is the responsibility of the client to understand the procedures employed in
the testing process. Should witness of testing/calibration or services on STS premises be requested, the
client shall comply with all applicable safety regulations and precautions. The client agrees STS shall not
be responsible for any injuries to the client’'s representatives while attending to or observing testing at
STS’s facility. If testing takes place at the client’s facility, the client agrees that STS will not operate and
shall not be responsible for any of the client's equipment and that although STS agrees to abide by the
client’s safety procedures, STS shall not be responsible for injury to any of the client’s personnel. If
reguested, evidence of warkers compensation coverage prior to visit shall be supplied by the client.

THIS REPORT MUST NOT BE USED TO CLAIM PRODUCT CERTIFICATION, APPROVAL, OR ENDORSEMENT BY NVLAP, NIST, OR

ANY AGENCY OF THE FEDERAL GOVERNMENT. THIS REPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT
WRITTEN APPROVAL FROM SAPPHIRE TECHNICAL SOLUTIONS.
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Q) canmma scientiFic  ROADVISTA DT INSTRUMENTS

9925 CARROLL CANYON ROAD, SAN DIEGO, CA 92131 PHONE (858) 279-8034 FAX (858) 576-9286 WEBSITE: www.gamma-sci.com

CERTIFICATE OF CALIBRATION
Report Number: 0014209-00

Sales Order: 0014209 Model: RS-10D
RMA Number: JA5598 Serial Number: HL.1965
Customer: Intertek Consumer Goods NA Description: Standard of Spectral Irradiance
Address: 4700 Broadmoor-SE
Suite 200
Kentwood MI 49512
Temperature (°C): 20° Manufacturer: Gamma Scientific
Rel. Humidity (%): 57% Technician: M.Parotkina
Date Calibrated: 04/13/2017 Due Date: 04/13/2018

Calibration Standards Used

Manufacturer Model No. | Serial No. Description Traceability No. Cal Date Due Date
NIST FEL F-675 Irradiance Standard 685/285196-14 osi24/14 (29" 00ged of
Gamma Scientific DRIP 13 Photometer Standard PAR-2016-3304 02/07/17 02/07/18
Expanded Uncertainty (k=2)
llluminance lux 0.74%
Color Temperature Kelvin 7
CIE Color 1931 X 0.0008
CIE Color 1931 vy 0.0004
300-400nm 2.7%
Irradiance
2, 400-930nm 1.8%
(MW/cm** nm)
930-1200nm 1.4%
AUTHORIZED QUALITY
APPROVAL ASSURANCE
Gamma Scientific's quality management system is ISO/IEC 17025:2005 accredited.This calibration was performed in accordance with the -
requirements of ISO/IEC17025:2005(E) with measurements standards traceable to the National Institute of Standards & Technology]

(NIST). The information shown on this certificate applies only to the instrument identified above and may not be reproduced, except in full,

without prior written consent from Gamma Scientific. There is no implied warranty that the instrument will maintain specified toleranc

during the calibration interval due to possible drift, environmental conditions, or other factors beyond our control, This is a NVLAP Nv &
accredited calibration. This report must not be used by Client to claim product certification, approval, or endorsement by NVLAP, NIST, or

CALIBRATION

any agency of the Federal Government. NVLAP Lab Code 200823-0

QOPO192E_ROC MASTER TEMPLATE 20f2

®
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Data File Analysis (HL1965 IRRADIANCE @ 25 cm.dat)

Title: RS-10D §/N: HL1965 IRRADIANCE @ 25 cm
Date/Time: 04-13-2017 [/ 11:34:35
Standard/Reference Illuminant applied: FEL 1000W LAMP S/N: F-675 IRRADIANCE @ 50 cm / None
Units: Irradiance, pW/{cm?*nm)
Hardware: NM-26 200-1700nm,NM-S9DH 190-820nm,D-49CQ 200-1010nm, (N/A)
Notes: T: 20C - RH: 57%
Number of peints: 801
. X-Axis-Low,High, Step: 300, 1100, 1 / Y-Axis-Low,High: 5.638%e-03, 2.8673e+00

{Ir)Radiance/Photon {Ir)Radiance/Integral
" Irradiance: 1.352e+03 W/ {cm?) / Photon Irradiance: 5.709e+15 Photons/ (sec*cm?)

Tristimulus (CIE 1931, 2° observer)
i X=8.188e+02 Y=7.471e+02 Z=2.598e+02

! Chromaticity (CIE 1931 xy and CIE 1976 UCS u'v')
x=0.4485 y=0.4092 u'=0.2558 v'=0.5251

Color Space (CIE 1976 L*u*v* and CIE 1976 L*a*b¥)
L*=2.108e+02 u*=1.240e+02 v*k=1.409e+02 a*=3.032e+01 b*=1.160e+02

(Il}Luminance
Illuminance; 7.471le+02 lm/m? {Lux) 6.940e+01 1lm/ft? (Footcandles) 7.471e-02 1m/em? (Pho

Correlated Color Temperature/MPCD
3.502e+02 Mk™*-1 2.856e+03 Kelvin / 01.6 MPCDs

Tristimulus (CIE 1964, 10° observer)
X=8.738e+02 ¥=7.876e+402 Z2=2.703e+02

Chromaticity (CIE 1964 xvy)
x=0.4523  y=0.4077

LED - Illuminant E
Dominant WL 583.3 / Peak WL 968.00 / Luminuous Intensity @ 10 cm {(cd) 7.471le+00

ta)

Gamma Scientific Test No: QOP0165A Page 1 of 8
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Data File (HL1965 IRRADIANCE @ 25 cm.dat) Points List - Page 1

. Title: RS-10D S/N: HL19%65 IRRADIANCE @ 25 cm

Date/Time: 04-13-2017 / 11:34:35

Standard/Reference Illuminant applied: FEL 1000W LAMP S/N: F-675 IRRADIANCE @ 50 cm / None
Units: Irradiance, uW/{cm?*nm)

Hardware: NM-26 200-1700nm,NM-9DH 1%0-820nm,D-49CQ 200-1010nm, (N/A)

. Notes: T: 20C - RH: 57%

Number of points: 801

X-Axig-Low,High, Step: 300, 1100, 1 / Y-Axis-Low,High: 5.6389e-03, 2.8673e+00

0300.0 nm 5.63B8%9e-03 0350.0 nm 3.4764e-02 0400.0 nm 1.2797e-01
0301.0 nm 5.9099%9e-03 0351.0 nm 3.5813e-02 0401.0 nm 1.3098e-01
0302.0 nm 6.1816e-03 0352.0 nm 3.6888e-02 0402.0 nm 1.3405e-01
0303.0 nm 6.4645e~-03 0353.0 nm 3.7990e-02 0403.0 nm 1.3717e-01
0304.0 nm 6.7586e-03 0354 .0 nm 3.911%e-02 0404.0 nm 1.4035e-01
0305.0 nm 7.0640e-03 0355.0 nm 4.0276e-02 0405.0 nm 1.4357e-01
0306.0 nm 7.3808e-03 0356.0 nm 4.1461le-02 0406.0 nm 1.4684e-01
0307.0 nm 7.7087e-03 0357.0 nm 4.2675e-02 0407.0 nm 1.5016e-01
0308.0 nm 8.0478e-03 0358.0 nom 4.3918e-02 0408.0 nm 1.5352e-01
0309.0 nim 8.3982e-03 0359.0 nm 4.5192e-02 0409.0 nm 1.56%94e-01
0310.0 nm 8.7598e-03 0360.0 nm 4.6496e-02 0410.0 nm 1.6040e-01
0311.0 nm 9.1330e-03 0361.0 nm 4.7831e-02 0411.0 nm 1.6390e-01
0312.0 nm 9.5172e-03 0362.0 nm 4.9197e-02 0412.0 nm 1.6745e-01
0313.0 nm 9,9126e-03 0363.0 nm 5.0594e-02 0413.0 nm 1.7105e-01
0314.0 nm 1.031%e-02 0364.0 nm 5.2023e-02 0414 .0 nm 1.746%e-01
0315.0 nm 1.0737e-02 0365.0 nm 5.3483e-02 0415.0 nm 1.7838e-01
0316.0 nm 1.1166e-02 0366.0 nm 5.4976e-02 0416.0 nm 1.8211e-01
0317.0 nm 1.1606e-02 0367.0 nm 5.649%e-02 0417.0 nm 1.8588e-01
0318.0 nm 1.2058e-02 0368.0 nm 5.8053e-02 0418.0 nm 1.8970e-01
0319.0 nm 1.2522e-02 0369.0 nm 5.5638e-02 0419.0 nm 1.9356e-01
0320.0 nm 1.25997e-02 0370.0 nm 6.1254e-02 0420.0 nm 1.9747e-01
0321.0 nm 1.3484e-02 0371.0 nm 6.2900e-02 0421.0 nm 2.0l41e-01
0322.0 nm 1.3984e-02 0372.0 nm 6.4576e-02 0422.0 nm 2.0540e-01
0323 .0 nm 1.4496e-02 0373.0 nm 6.6283e-02 0423.0 nm 2.0942e-01
0324.0 nm 1.5021e-02 0374.0 nm 6.8021e-02 0424 .0 nm 2.1348e-01
0325.0 nm 1.555%e-02 0375.0 nm 6.9790e-02 0425.0 nm 2.1757e-01
0326.0 nm 1.6111e-02 0376.0 nm 7.1550e-02 0426.0 nm 2.2170e-01
0327.0 nm 1.6677e-02 0377.0 nm 7.3423e-02 0427.0 nm 2.2585e-01
0328.0 nm 1.7258e-02 0378.0 nm 7.528%e-02 0428.0 nm 2.3004e-01
0329.0 nm 1.7854e-02 0379.0 nm 7.7190e-02 0429.0 nm 2.3425e-01
0330.0 nm 1.8466e-02 0380.0 nm 7.9128e-02 0430.0 nm 2.3848e-01
0331.0 nm 1.90985e-02 0381.0 nm 8.1103e-02 0431.0 nm 2.4273e-01
0332.0 nm 1.9740e-02 0382.0 nm 8.3119e-02 0432.0 nm 2.4700e-01
0333.0 nm 2.0403e-02 0383.0 nm 8.5175e-02 0433.0 nm 2.5128e-01
0334.0 nm 2.1084e-02 0384.0 nm 8.7275e-02 0434.0 nm 2.5559e-01
0335.0 nm 2.1783e-02 0385.0 nm 8.59419e-02 0435.0 nm 2.5991le-01
0336.0 nm 2.,2501e-02 0386.0 nm 9.1610e-02 0436.0 nm 2.,6424e-01
0337.0 nm 2.323%e-02 0387 .0 nm 9.3850e-02 0437.0 nm 2.6859e-01
0338.0 nm 2.3596e-02 0388.0 nm 9.6141e-02 0438.0 nm 2.,7295e-01
0339.0 nm 2.4774e-02 0389.0 nm 9.8483e-02 0439.0 nm 2.7733e-01
0340.0 nm 2.5572e-02 0390.0 nm 1.0088e-01 0440.0 nm 2.8172e-01
0341.0 nm 2.6392e-02 0391.0 nm 1.0333e-01 0441.0 nm 2.8613e-01
0342.0 nm 2.7232e-02 0392.0 nm 1.0584e-01 0442.0 nm 2.9056e-01
0343.0 nm 2.8095e-02 0393.0 nm 1.0841e-01 0443.0 nm 2.9502e-01
0344 .0 nm 2.8979e-02 0394.0 nm 1.1103e-01 0444 .0 nm 2.9950e-01
0345.0 nm 2.9885e-02 0395.0 nm 1.1371e-01 0445.0 nm 3.0400e-01
0346.0 nm 3.0814a-02 0396.0 nm 1.1645e-01 0446 .0 nm 3.0854e-01
0347.0 nm 3.1765e-02 0397.0 nm 1.1924e-01 0447.0 nm 3.1311e-01
0348.0 nm 3.2740e-02 (398.0 nm 1.2210e-01 0448.0 nm 3.1772e-01
0349.0 nm 3.3740e-02 0359.0 nm 1.2500e-01 0449.0 nm 3.2236e-01
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Data File (HL1965 IRRADIANCE @ 25 cm.dat) Points List - Page 2

Title: RS-10D $/N: HL1L965 IRRADIANCE @ 25 cm
. Date/Time: 04-13-2017 / 11:34:35

Standard/Reference Illuminant applied: FEL 1000W LAMP S/N: F-675 IRRADIANCE @ 50 cm / None

 Units: Irradiance, pW/{cm?*nm)
‘ Hardware: NM-26 200-1700nm,NM-9DH 190-820nm,D-49CQ 200-1010nm, (N/A)
Notes: T: RH: 57%

Number of points:
X-Axis-Low,High, Step:

801

300, 1100, 1

Y-Axis-Low,High: 5.6389%e-03, 2.8673e+00

0450.0 nm 3.2705e-01 0500.0 nm 6.0445e-01 0550.0 nm 9.4371e-01
0451.0 nm 3.3177e-01 0501.0 nm 6.1092e-01 0551.0 nm 9.5059¢e-01
0452.0 nm 3.3654e-01 0502.0 nm 6.1742e-01 0552.0 nm 9.5748e-01
© 0453.0 nm 3.4136e-01 0503.0 nm 6.2395e-01 0553.0 nm 9.6437e-01
' 0454.0 nm 3.4622e-01 0504.0 nm 6.3050e-01 0554.0 nm 9.7127e-01
0455.0 nm 3.5112e-01 0505.0 nm 6.3708e-01 0555.0 nm 9.7818e-01
0456.0 nm 3.5607e-01 0506.0 nm 6.4367e-01 0556.0 nm 9.8512e-01
0457.0 num 3.6105e-01 0507.0 nm 6.5028e-01 0557.0 nm 9.9208e-01
0458.0 nm 3.6608e-01 0508.0 nm 6.5691e-01 0558.0 nm 9.9907e-01
0459 .0 nm 3.7115e-01 0509.0 nm 6.6355e-01 0559.0 nm 1.0061e+00
0460.0 nm 3.7626e-01 0510.0 nm 6.7019e-01 0560.0 nm 1.0132e+00
0461.0 nm 3.8140e-01 0511.0 nm 6.7684e-01 0561.0 nm 1.0203e+00
0462 .0 nm 3.8658e-01 0512.0 nm 6.8350e-01 0562.0 nm 1.0274e+00
0463.0 nm 3.917%e-01 0513.0 nm 6.9016e-01 0563.0 nm 1.0346e+00
0464 .0 nm 3.9703e-01 0514.0 nm 6.9682e-01 0564.0 nm 1.0418e+00
0465.0 nm 4.0230e-01 0515.0 nm 7.034%e-01 0565.0 nm 1.04%90e+00
0466.0 nm 4.075%e-01 0516.0 nm 7.1016e-01 0566.0 nm 1.0563e+00
0467.0 nm 4.1291e-01 0517.0 nm 7.1683e-01 0567.0 nm 1.0636e+00
0468.0 nm 4.1825e-01 0518.0 nm 7.2351le-01 0568.0 nm 1.0710e+00
0469.0 nm 4.2361le-01 0519.0 nm 7.3019%e-01 0569.0 nm 1.0784e+00
0470.0 nm 4.289%e-01 0520.0 nm 7.368%e-01 0570.0 nm 1.0858e+00
0471.0 nm 4,3438e-01 0521.0 nm 7.4359%e-01 0571.0 nm 1.0932e+00
0472.0 nm 4,3980e-01 0522.0 nm 7.5031e-01 0572.0 nm 1.1007e+00
0473.0 nm 4,4523e-01 0523.0 nm 7.5704e-01 0573.0 nim 1.1082e+00
0474.0 nm 4.5068e-01 0524.0 nm 7.6378e-01 0574.0 nm 1.1157e+00
0475.0 nm 4.5616e-01 0525.0 nm 7.7055e-01 0575.0 nm 1.1233e+400
0476.0 nm 4.61l66e-01 0526.0 nm 7.7734e-01 0576.0 nm 1.1308e+00
0477.0 nm 4.6718e-01 0527.0 nm 7.8415e-01 0577.0 nm 1.1384e+00
0478.0 nm 4.7273e-01 0528.0 nm 7.9099e-01" 0578.0 nm 1.1460e+00
0479.0 nm 4.7831e-01 0529.0 nm 7.9785e-01 057%.0 nm 1.1536e+00
0480.0 nm 4.8392e-01 0530.0 nm 8.0473e-01 0580.0 nm 1.1612e+00
0481.0 nm 4.8956e-01 0531.0 nm 8.1164e-01 0581.0 nm 1.1688e+00
0482.0 nm 4.9523e-01 0532.0 nm 8.1857e-01 0582.0 nm 1.1764e+00
0483.0 nm 5.005%4e-01 0533.0 nm 8.2552e-01 0583.0 nm 1.1841e+00
0484 .0 nm 5.0668e-01 0534.0 nm 8.3248e-01 0584.0 nm 1.1917e+00
0485.0 nm 5.1246e-01 0535.0 nm 8.3945e-01 0585.0 nm 1.1993e+00
0486.0 nm 5.1828e-01 0536.0 nm 8.4643e-01 0586.0 nm 1.2068e+00
0487.0 nm 5.2414e-01 0537.0 nm 8.5341e-01 0587.0 nm 1.2144e+00
0488.0 nm 5.3005e-01 0538.0 nm 8.6040e-01 0588.0 nm 1.2220e+00
0489.0 nm 5.3600e-01 0539.0 nm 8.6738e-01 0589.0 nm 1.2296e+00
0490.0 nm 5.4199%e-01 0540.0 nm 8.7437e-01 0590.0 nm 1.2371e+00
04%1.0 nm 5.4804e-01 0541.0 nm 8.8134e-01 0591.0 nm 1.2446e+00
0492.0 nm 5.5413e-01 0542 .0 nm 8.8831e-01 0592.0 nm 1.2521e+00
0493.0 nm 5.6026e-01 0543.0 nm 8.9527e-01 0593.0 nm 1.2596e+00
0494 .0 nm 5.6644e-01 0544 .0 nm 9.0222e-01 0594 .0 nm 1.2670e+00
0455.0 nm 5.7267e-01 0545.0 nm 9.0916e-01 0595.0 nm 1.2744e+00
0496.0 nm 5.7895e-01 0546.0 nm 9.160%e-01 0596.0 nm 1.2817e+00
0497.0 nm 5.8526e-01 0547.0 nm 9.2301e-01 0537.0 nm 1.288%+00
0498.0 nm 5.9162e-01 0548.0 nm 9.2991e-01 0598.0 nm 1.2962e+00
0499.0 nm 5.,9802e-01 0549.0 nm 9.3681le-01 0599.0 nm 1.3033e+00
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Data File (HDL1965 IRRADIANCE @ 25 cm.dat) Points List - Page 3

Title: RS-10D S/N: HL1965 IRRADIANCE @ 25 cm
Date/Time: 04-13-2017 / 11:34:35
Standard/Reference Illuminant applied: FEL 1000W LAMP S§/N: F-675 IRRADIANCE @ 50 cm / None

; Units: Irradiance, uW/{cm?*nm)

Hardware: NM-26 200-1700nm,NM-9DH 190-820nm,D-49CQ 200-1010nm, (N/A)

Notes: T: 20C - RH: 57%

Number of points: 801

X-Axis-Low,High,8tep: 300, 1100, 1 / Y-Axis-Low,High: 5.6389e-03, 2.8673e+00

0600.0 nm 1.3104e+00 0650.0 nm 1.659%e+00 0700.0 nm 1.9897e+00
0601.0 nm 1.3175e+00 0651,.0 nm 1.6661e+00 0701.0 nm 1.9968e+00
0602.0 nm 1.3245e+00 0652.0 nm 1.6723e+00 0702.0 nm 2.0038e+00
0603.0 nm 1.3315e+00 0653.0 nm 1.6786e+00 0703.0 nm 2.0109e+00
0604.0 nm 1.3384e+00 0654.0 nm 1.6849e+00 0704.0 nm 2,0181e+00
0605.0 nm 1.3453e+00 0655.0 nm 1.6913e+00 0705.0 nm 2.0252e+00
0606.0 nm 1.3522e+00 0656.0 nm 1.6978e+00 0706.0 nm 2.0323e+00
0607.0 nm 1.3591e+00 0657.0 nm 1.7043e+00 0707.0 nm 2.0393e+00
0608.0 nm 1.3660e+00 0658.0 nm 1.7109e+00 0708.0 nm 2.0464e+00
0609.0 nm 1.3729e+00 0659.0 nm 1.7175e+00 ' 0709.0 nm 2.0534e+00
0610.0 nm 1.3798e+00 0660.0 nm 1.7242e+00 0710.0 nm 2.0604e+00
0611.0 nm 1.3867e+00 0661.0 nm 1.730%e+00 0711.0 nm 2.0673e+00
0612.0 nm 1.3937e+00 0662.0 nm 1.7377e+00 0712.0 nm 2.0741e+00
0613.0 nm 1.4007e+00 0663.0 nm 1.7445e400 0713.0 nm 2.080%e+00
0614 .0 nm 1.4077e+00 0664.0 nm 1.7513e+00 0714.0 nm 2.0877e+00
0615.0 nm 1.4149e+00 0665.0 nm 1.7581e+00 0715.0 nm 2.0943e+00
0616.0 nm 1.4221e+00 0666.0 nm 1.7650e+00 0716.0 nm 2.1009e+00
0617.0 nm 1.4293e+00 0667.0 nm 1.7718e+00 0717.0 nm 2.1074e+00
0618.0 nm 1.4367e+00 0668.0 nm 1.7786e+00 0718.0 nm 2.1138e+00
0619.0 nm 1.4441e+00 06692.0 nm 1.7855e+00 0719.0 nm 2.1201e+00
0620.0 nm 1.4516e+00 0670.0 nm 1.7923e+400 0720.0 nm 2.1263e+400
0621.0 nm 1.4592e+00 0671.0 nm 1.7990e+00 0721.0 nm 2.1325e+00
0622.0 nm 1.4668e+00 0672.0 nm 1.8057e+00 0722.0 nm 2.1387e+00
0623.0 nm 1.4745e+00 0673.0 nm 1.8124e+00 0723.0 nm 2.1447e+00
0624 .0 nm 1.4822e+00 0674.0 nm 1.8191e+00 0724.0 nm 2,1508e+00
0625.0 nm 1.489%e+00 0675.0 nm 1.8257e+00 0725.0 nm 2.1567e+00
0626.0 nm 1.4976e+00 0676.0 nm 1.8322e+00 0726.0 nm 2.1627e+00
0627.0 nm 1.5053e+00 0677.0 nm 1.8387e+00 0727.0 nm 2.1686e+00
0628.0 nm 1.5130e+00 0678.0 nm 1,8452e+00 0728.0 nm 2.1744e+00
0629.0 nm 1.5206e+00 0679.0 nm 1.8517e+00 0729.0 nm 2.1803e+00
0630.0 nm 1.5282e+00 0680.0 nm 1.8581e+00 0730.0 nm 2.1862e+00
0631.0 nm 1.5357e+00 0681.0 nm 1.8645e+00 0731.0 nm 2.1920e+00
0632.0 nm 1.5430e+Q0 0682.0 nm 1.870%e+00 0732.0 nm 2.19792+00
0633.0 nm 1.5503e+00 0683.0 nm 1.8772e+00 0733.0 nm 2.2037e+00
0634.0 nm 1.5575e+00 0684.0 nm 1.8836e+00 0734.0 nm 2.2095e400
0635.0 nm 1.5646e+00 0685.0 nm 1.8900e+00 0735.0 nm 2.2154e+00
0636.0 nm 1.5715e+00 0686.0 nm 1.8963e+00 0736.0 nm 2.2212e+00
0637.0 nm 1.57832+00 0687.0 nm 1.9027e+00 0737.0 nm 2.2270e+00
0638.0 nm 1.5850e+00 0688.0 nm 1.90%1e+00 0738.0 nm 2.2329e+00
3639.0 nm 1.5916e+00 068B9.0 nm 1.9156e+400 0739.0 nm 2.2387e+00
0640.0 nm 1.5981e+00 0650.0 nm 1.9221e+00 0740.0 nm 2.2445e+00
0641.0 nm 1.6045e+00 0691.0 nm 1.9286e+00 0741.0 nm 2.2503e+00
0642.0 nm 1.6108e+00 0692.0 nm 1.9352e+00 0742 ,0 nm 2.2560e+00
0643.0 nm 1.6171e+00 0693.0 nm 1.9418e+00 0743.0 nm 2.2618e+00
0644 .0 nm 1.6232e+00 0694.0 nm 1.9485e+00 0744.0 nm 2.2675e+00
0645.0 nm 1.6294e+00 0695.0 nm 1.9552e+00 0745.0 nm 2.2732e+00
0646.0 nm 1.6355e+00 0696,0 nm 1.9620e+00 0746.0 nm 2.2788e+00
0647.0 nm 1.6416e+00 0697.0 nm 1.9689e+00 0747.0 nm 2.2845e+00
0648.0 nm 1.6477e+00 0698.0 nm 1.9758e+00 0748.0 nm 2.2901e400
0649.0 nm 1.6538e+00 0699.0 nm 1.9827e+00 0742.0 nm 2.2956e+00
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Data File (HL1965 IRRADIANCE @ 25 cm.dat) Points List - Page 4

Title: RS-10D S/N: HL1965 IRRADIANCE @ 25 cm

Date/Time: 04-13-2017 / 11:34:35

Standard/Reference Illuminant applied: FEL 1000W LAMP S/N F-675 IRRADIANCE @ 50 cm / None
Units: Irradiance, uW/{cm?*nm)

Hardware: NM-26 200-1700nm,NM-SDH 190-820nm,D-49CQ 200-1010nm, (N/A)

. Notes: T: 20C - RH: 57%

. Number of points: 801

X-Axis-Low,High, Step: 300, 1100, 1 / Y-Axis-Low,High: 5.6389e-03, 2,8673e+00

0750.0 nm 2.3011le+00 0800.0 nm 2,5231e+00 0850.0 nm 2.6814e+00
i 0751.0 nm 2.3066e+00 0801.0 nm 2.5266e+00 0851.0 nm 2.6842e+00
! 0752.0 nm 2.3120e+00 0802.0 nm 2.5301e+00 0852 .0 nm 2.6869e+00

0753.0 nm 2.3174e+00 0803.0 nm 2.5336e+00 0853.0 nm 2.6896e+00

0754.0 nm 2.3227e+00 0804.0 nm 2.5370e+00 0854.0 nm 2.6923e+00

0755.0 nm 2.3280e+00 0805.0 nm 2.5404e+00 0855.0 nm 2.6950e+00

0756.0 nm 2.3232e+00 0806.0 nim 2.5437e+00 0856.0 nm 2.6976e+00

0757.0 nm 2.3384e+00 0807.0 nm 2.5471e+00 0857.0 nm 2.7003e+00

0758.0 nm 2.3435e+00 0808.0 nm 2.5504e+00 0858.0 nm 2.7029e+00

0759.0 nm 2.3485e+00 080%.0 nm 2.5537e+00 0859.0 nm 2.7054e+00

0760.0 nm 2.3535e¢+00 0810.0 nm 2.5569e+00 0860.0 nm 2.7080e+00

0761.0 nm 2.3585e+00 0811.0 nm 2.5602e+00 0861.0 nm 2.7106e400

0762.0 nm 2.3634e+00 0812.0 nm 2.5634e400 0862.0 nm 2.7131e+00

0763.0 nm 2.3683e+00 0813.0 nm 2.5666e+00 0863.0 nm 2.7156e+00

0764 .0 nm 2.3731e+00 0814.0 nm 2.5698e+00 0864.0 nm 2.7181e+00

0765.0 nm 2.3779e+00 0815.0 nm 2.572%e+00 0865.0 nm 2.7206e+00

0766.0 nm 2.3826e+00 0816.0 nm 2.5761e+00 0866.0 nm 2.7231e+00

0767.0 nm 2.3873e+00 0817.0 nm 2.5792e+00 0867.0 nm 2.7255e+00

0768.0 nm 2.391%e+00 0818.0 nm 2.5823e+00 0868.0 nm 2.7280e+00

0769.0 nm 2.3965e+00 0819.0 nm 2.5854e+00 0869.0 nm 2.7304e+00

0770.0 nm 2.4011=2+00 0820.0 nm 2.5885e+00 0870.0 nm 2.7327e+00

0771.0 nm 2.4056e+00 0821.0 nm 2.5916e+00 0871.0 nm 2.7351e+00

0772.0 nm 2.4101e+00 0822.0 nm 2.5947e+00 0872.0 nm 2.7374e+00

0773.0 nm 2.4146e+00 0823.0 nm 2.5978e+00 0873.0 nm 2.7397e+00

0774.0 nm 2.4190e+00 0824.0 nm 2,6009e+00 0874.0 nm 2.7420e+00

0775.0 nm 2.4234e+00 0825.0 nm 2.,6041e+00 0875.0 nm 2.7443e+00

0776.0 nm 2.4278e+00 0826.0 nm 2.6072e+00 0876.0 nm 2.7465e+00

0777.0 nm 2.4322e+00 0827.0 nm 2.6104e+00 0877.0 nm 2,7487e+00

0778.0 nm 2.4365e+00 0828.0 nm 2.6135e+00 0878.0 nm 2,7508e+00

0779.0 nm 2.4408e+00 0829.0 nm 2.6167e+00 0879.0 nm 2.7530e+00

0780.0 nm 2.4451e+00 0830.0 nm 2.6199e+00 0880.0 nm 2.7551e+00

0781.0 nm 2.4493e+00 0831.0 nm 2.6231e+00 0881.0 nm 2.7571e+00

0782.0 nm 2.4536e+00 0832,0 nm 2.6263e+00 0882.0 nm 2.7592e+00

0783.0 nm 2.4578e+400 0833.0 nm 2.6295e+00 0883.0 nm 2.7612e+00

0784 .0 nm 2.4619e+00 0834.0 nm 2.6327e+00 0884.0 nm 2.7631e+00

0785.0 nm 2.4660e+00 0835.0 nm 2.6360e+00 0885.0 nm 2.7651e+00

0786.0 nm 2.4701e+00 0836.0 nm 2.6392e+00 0886.0 nm 2.7670e+00

0787.0 nm 2.4742e+00 0837.0 nm 2.6424e+00 0887.0 nm 2.7689e+00

0788.0 nm 2.4782e+00 0838.0 nm 2.6455e+00 0888.0 nm 2.7708e+00

0789.0 nm 2,4821e+00 0839.0 nm 2.6487e+00 0889.0 nm 2.7726e+00

0790.0 nm 2.4861e+00 0840.0 nm 2.6518e+00 0890.0 nm 2.7744e+00

07%1.0 nm 2.4899e+00 0841.0 nm 2.6550e+00 0891.0 nm 2.7762e+00

0792.0 nm 2.4938e+00 0842.0 nm 2.6580e+00 - 0892.0 nm 2.7779%9e+00

0793.0 nm 2.4976e+00 0843.0 nm 2.661l1e+00 08923.0 nm 2.7797e+00

0794.0 nm 2.5013e+00 0844 .0 nm 2.6641e+00 0894.0 nm 2.781l4e+00

0795.0 nm 2.5051e+00 0845.0 nm 2.6671e+00 0895.0 nm 2.7831e+00

0796.0 nm 2.5088e+00 08456.0 nm 2.6700e+00 0896.0 nm 2.7848e+00

0797.0 nm 2.5124e+00 0847.0 nm 2.6729e+00 0897.0 nm 2.7865e+00

0798.0 nm 2.5160e+00 0848.0 nm 2.6758e+00 0898.0 nm 2.7882e+00

0799.0 nm 2.5196e+00 0849.0 nm 2.6786e+00 089%.0 nm 2.789%e+00
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Data File (HL1965 IRRADIANCE @ 25 cm.dat}) Points List - Page 5

Title: RS-10D S/N: HL1965 IRRADIANCE @ 25 cm
Date/Time: 04-13-2017 / 11:34:35
Standard/Reference Illuminant applied: FEL 1000W LAMP S/N: F-675 IRRADIANCE @ 50 cm / None
Units: Irradiance, uW/(cm?*nm)
. Hardware: NM-26 200-1700nm,NM-9DH 190-820nm,D-49CQO 200-1010nm, (N/A)
Notes: T: 20C - RH: 57%
Number of points: 801
. X-Axis-Low,High, Step: 300, 1100, 1 / Y-Axis-Low,High:; 5.638%e-03, 2.8673e+00

0900.0 nm 2.7916e+00 0950.0 nm 2.8572e+00 1000.0 nm 2.8509e+00
0901.0 nm 2.7933e+00 0951.0 nm 2.8580e+00 1001.0 nm 2.8504e+00
0902.0 nm 2.7951e+00 0952.0 nm 2.8589e+00 1002.0 nm 2.8498e+00
0903.0 nm 2.7969e+00 0953.0 nm 2,8597e+00 1003.0 nm 2.8491e+00
0904.0 nm 2.7987e+00 0954.0 nm 2.8605e+00 1004.0 nm 2.8483e+00
0905.0 nm 2.8005e+00 0955.0 nm 2.8613e+00 1005.0 nm 2.8474e+00
0906.0 nm 2.8023e+00 0956.0 nm 2.8621e+00 1006.0 nm 2.8464e+00
0907.0 nm 2.8042e+00 0957.0 nm 2.8628e+00 1007.0 nm 2.8452e+00
0908.0 nm 2.8061e+00 0958.0 nm 2.8635e+00 1008.0 nm 2.8439e+00
0909.0 nm 2,8080e+00 0959.0 nm 2.8641e+00 1009.0 nm 2.8424e+400
0510.0 nm 2.8100e+00 0960.0 nm 2.8647e+00 1010.0 nm 2.8408e+400
0911.0 nm 2.8119%e+00 0961.0 nm 2.8652e+00 1011.0 nm 2.8390e+00
0912.0 nm 2.8139e+00 0962.0 nm 2.8657e+00 1012.0 nm 2.8372e+00
0913.0 nm 2.8159%e+00 0963.0 nm 2.8661e+00 1013.0 nm 2.8351e+00
0914.0 nm 2.8178e+00 0964.0 nm 2.8665e+00 1014.0 nm 2.8330e+00
0915.0 nm 2.8198e+00 0965.0 nm 2,8668e+00 1015.0 nm 2.8308e+00
0916.0 nm 2.8217e+00 09466.0 nm 2,.8671e+00 1016.0 nm 2.8284e+00
0917.0 nm 2.8235e+00 0967.0 nm 2,8672e+00 1017.0 nm 2.8260e+00
0918.0 nm 2.8253e+400 0968.0 nm 2.8673e+00 1018.0 nm 2.8235e+00
09192.0 nm 2.8271e+00 0969.0 nm 2.8673e+00 1019.0 nm 2.8210e+00
0920.0 nm 2.8288e+00 0970.0 nm 2.8672e+00 1020.0 nm 2.8184e4+00
0921.0 nm 2.8304e+00 0971.0 nm 2.8670e+00 1021.0 nm 2.8158e+00
0922.0 nm 2.8319e+00 0972.0 nm 2.8668e+00 1022.0 nm 2.8131e+00
0923.0 nm 2.8334e+00 0973.0 nm 2.8664e+00 1023.0 nm 2.8104e+00
0924 .0 nm 2.8348e+00 0974.0 nm 2.8660e+00 1024.0 nm 2.8077e+00
0925.0 nm 2.8361e+00 0975.0 nm 2.8655e+00 1025.0 nm 2.8050e+00
0926.0 nm 2.8373e+00 0976.0 nm 2.8649e+00 1026.0 nm 2.8023e+00
0927.0 nm 2.8384e+00 0977.0 nm 2.8643e+00 1027.0 nm 2.79952+00
0928.0 nm 2.8394e+00 0978.0 nm 2.8636e+00 1028.0 nm 2.7968e+00
0929.0 nm 2.8404e+00 0979.0 nm 2.8629e+00 1629.0 nm 2.7940e+00
0930.0 nm 2.8413e+00 0980.0 nm 2.8621e+00 1030.0 nm 2.7912e+00
0931.0 nme 2.8422e+00 0981.0 nm 2.8613e+00 1031.0 nm 2.7884e+00
0932.0 nm 2.8430e+00 0982.0 nm 2.8605e+00 1032.0 nm 2.7856&+00
0933.0 nm 2.8437e+00 0983,0 nm 2.8597e+00 1033.0 nm 2.7827a+00
0934.0 nm 2.8445e+00 0984 .0 nm 2,8588e+00 1034.0 nm 2.7798e+00
0935.0 nm 2.8452e+00 0985.0 nm 2.8581e+00 1035.0 nm 2.776%e+00
0936.0 nm 2.8459e+00 0986.0 nm 2.8573e+00 1036.0 nm 2.7740e+00
0937.0 nm 2.8467e+00 0987.0 nm 2.8566e+00 1037,0 nm 2,7710e+00
0938.0 nm 2.8474e+00 0988.0 nm 2.8559e+00 1038.0 nm 2,7680e+00
0939.0 nm 2.8481e+00 0989.0 nm 2.8553e+00 1039.0 nm 2.7650e+00
0940.0 nm 2.8489e+00 0990.0 nm 2.8548e+00 1040.0 nm 2.7619e+00
0941.0 nm 2.8496e+00 0991.0 nm 2.8543e+00 1041.0 nm 2.7587e+00
0942.0 nm 2.8504e+00 0992.0 nm - 2.8538e+00 1042.0 nm 2.7556e+00
0943 .0 nm 2.8512e+00 0993.0 nm 2.8534e+00 1043.0 nm 2.7524e+00
0944 .0 nm 2.8520e+00 0994.0 nm 2.8531e+00 1044.0 nm 2.7492e+00
0945 .0 nm 2.8528e+00 0995.0 nm 2.8527e+00 1045.0 nm 2.7459e+00
0946 .0 nm 2.8537e+00 0996.0 nm 2.8524e+00 1046.0 nm 2.7427e4+00
0947.0 nm 2.8545e+400 0997.0 nm 2.8521e+00 1047,0 nm 2.7394e+00
0948.0 nm 2.8554e+00 0998.0 nm 2.8517e+00 1048,.0 nm 2.7361e+00
0942.0 nm 2.8563e+00 0999.0 nm 2.8513e+00 1049.0 nm 2.7328e+00
Gamma Scientific Test No: QOPO1l65A Page 6 of 8
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Data File {(HL1965 TRRADIANCE @ 25 cm.dat) Points List - Page 6

Title: RS-10D S/N: HL1965 IRRADIANCE @ 25 cm

Date/Time: 04-13-2017 / 11:34:35

Standard/Reference Illuminant applied: FEL 1000W LAMP S§/N: F-675 IRRADIANCE @ 50 ¢m / None
Units: Irradiance, uW/(cm?*nm)

Hardware: NM-26 200-1700nm,NM-SDH 190-820nm,D-49CQ 200-1010nm, {(N/A)

Noteg: T: 20C - RH: 57%

Number of points: 801

X-Axis-Low,High,Step: 300, 1100, 1 / Y-Axis-Low,High: 5.6389e-03, 2.8673e+00

1050.0 nm 2_.7295e+00 1100.0 nm 2.5714e+00
1051.0 nm 2.7263e+00
1052.0 nm 2.7230e+00
1053.0 nm 2.7197e+00
1054.0 nm 2.7165e+00
1055.0 nm 2.7133e+00
1056.0 nm 2,7100e+00
1057.0 nm 2.7068e+00
1058.0 nm 2.7036e+00
1059.0 nm 2.7005e+00
1060.0 nm 2.6973e+00
1061.0 nm 2.,6941e+00
1062.0 nm 2.6910e+00
1063.0 nm 2.6879e+00
1064 .0 nm 2.6847e+00
1065.0 nm 2.6816e+00
1066.0 nm 2.6785e+00
1067.0 nm 2.6753e+00
1068.0 nm 2.6722e+00
1069.0 nm 2.6690e+00
1070.0 nm 2.665%9e+00
1071.0 nm 2.6627e+00
1072.0 nm 2.6595e+00
1073.0 nm 2.6563e+00
1074.0 nm 2.6531e+00
1075.0 nm 2.6499e+00
1076.0 nm 2.6466e+00
1077.0 nm 2.6434e+00
1078.0 nm 2.6401e+00
1079.0 nm 2.6368e+00
1080.0 nm 2.6336e+00
1081.0 nm 2.6303e+00
1082.0 nm 2.6270e+00
1083.0 nm 2.6237e+00
1084 .0 nm 2.6205e+00
1085.0 nm 2.6172e+00
1086.0 nm 2.613%9e+00
1087.0 nm 2.6107e+00
1088.0 nm 2.6075e+00
1089.0 nm 2.6042e+00
1090.0 nm 2.6011e+00
1091.0 nm 2.5979e+00
1092.0 nm 2.5948e+00
1093.0 nm 2.5917e+00
1094 .0 nm 2.5887e+00
1095.0 nm 2.5857e+00
1096.0 nm 2.5827e+00
1097.0 nm 2.5798e+00
1098.0 nm 2.5769e+00
1099.0 nm 2.5741Le+00
Gamma Scientific Test No: QOP0165A Page 7 of 8
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——— —_—

Dntn Flle Emalppic [(PEECHECK HLI®S TREROTAMCE & 25 onodach

Tiela: PRECHECE BE-10D0 &/H: HL19&% IRRADTABCE & 35 om

Dace/Tine: 03-33-2017 J/ 11:35.:04

Standard/Reference Illuminant applisd) FEL LOODW [AMI S5/H: F-£T8 IFRRDIRNCE € 50 cm / Koo
Unitm: Iceadiance, ey (cmf+mpm)

Hapdware: HH-26 200-1700ms, HN-S00 190-820nm, D-4 533 200-1010nm, [HAa)

MHocems T Z2DT - RHi 57%

Biber of points:  BOL

I-Muim-Taow High Step) 300, 100D, 1§ ¥-Axis-Low High: 5.00382-0%, Z,7952Es00

(Il Radiance/Pheten |Dr|Radisnce/Istecral
Irradinnaoes) 1, 310=+03 ph/(oRy) ! Fecton Icradiance; 5. 5%ERe+15 Fhotons/ | pecvom b

Triopimulas [CIE 1531, 2% aheasvar]
E=7 . 331Teedd WeoT.rdla+0: Z=2.5%078+03

Chromaricley {CIE 1831 ®v asd CIE 1976 UCH y'v')
wa . 44Ad il AdFd WO 55 R piad 5383

Color Space [CTR 1976 Loegeyes apd CIE 19TE Lvashs)
Tv=d, DBdeE+0E utel,239@e02 v el 315Te+DE  ated.0DEs+0l  bewl, 1S3es03

| 317 Loz A moe
HMlumintnce:  T.241e+02 Imfm? (Logl  §.T2%ee0l Imffc? (Postcandles)  T7.2418-02 Indon® (Phoba)

Corralated Caler Tenperatare/HRID
1. 5068+0F MET-1  2,8530ad3 Eelwin ¢ 01.8 HPOOm

Triatimulan |SIE 1964, 10° obaerwar)
Eul, dT0e+0E YT 6 el Zml . d0Ba+02

Chromatigley qCIE IS&d xy)
Eel, 52T e, 40490

L& - Illuminank B
Cominant WL 58%.3 0 Pealk Wl 89,00 / lumizrooun Intsssity & 10 om (ol 7, 24100

Geraa colenciflc Test Ho: GoP01dsa Page I &k n
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Pata Fils (PRECHETE HLU®ES TREADIANCE @ 2% o dst] Poinse Lisk - Page 1

Title: PEECHECE BE-106D Z/W: HLADES IERADIARCE & 25 om

Oyte/Tiwss: OX-20-2017 / 11:35:04

Etandavd Feference T1luminant applisd: FEL 1000W LAMF 8/W: F-567C IRRAGIANCE @ 90 om / Hone
Unite) Irredisnce. pl/(cmf*nm]

HEardware: HM-26 200170008, Hi=91 190-0200n, D-4B00 200-101 00, [BAE)

Bot=p: T 395 - RHi G7%

Humabaz of poimts: B01

X-Axip-low, Righ Stepr 300, 1183, 1 ¢ Yohois-Lowm, High: 3.002es-03, 2,79528+00

300,09 nm 5. #DZEE-03 DX50.0 nm 1.30TRm-0Z DD .0 1.22%2a-03
3351.8 nm S.1&80e-0F Ti81.0 nm 3. AFELE-0Z Ca01.0 Tl 1.2983m-001
| 3392, nA 5.8320m-03 DI53.0 nm S S o ] 402,00 nm 1.2877&E-01
O35, T nn 5. 004 1.-0] QX530 nm J.END e D2 a4031.0 1.31 7 e-01
034 . & mw B, 0850=-03 SIEL .0 nm b [ E B ] 45 .0 T 1.3442a-01
0335, 0 nm 6. 384503 les.0 - R R 34950 TR 1.57932m-01
| 033E.0 = g. 892720 33%6 .0 A, wIfLe-05 Gdsd .0 mn 1.4106=-01
oiaT.0 om T.0114m-20 | 157,00 mm & Ol A ok e Do G- 3 1. 442E=-01
0305.0 pm T ML 0e-03 GISB.0 T 4. 144 Te-03 DETE 1.474%a=01
030%.0 i T.ERLGE-03 01589 .0 1 -] [T 045 o mm i.E507ag-01
0310.0 B.OX3qa-03 Q3400 4, 4051=-03 0418, & o i.EBillm-O1
Diii.0 E.10E5a-03 01633 4,5397=-03 0gll.& =6 1. E7dRm-0]
0113.0 nm L. TT10e-03 036F .9 o & . 6571 &-02 0412, 3 mm I LT
0313.0 nm B 1ZEPn-0X 0363 .7 4. 7873@=02 0413.0 mm = W I PO
2114.9 nm #5054 -0 NELT A 4. 92088-03 414, 0 1. &E780a-31
| B115.0 Nl F.5E1Be-03 D3E2.3 2m %, 05%6Ae-03 0415, ¢ nm 1. 7Tl4Em-01
SL1B. 0 TN 1. 398502 03648.0 rmm =, 18GZm-013 O416.¢ om b oEa-01
Lok B R 1.0d18a-02 DNGT .0 nm 5, 33BEe-02 o417 .0 gm 1L.TET1e-011
TALM. O mm 1,1360s-0F D680 nE S.dBdSa-02 0418.0 nm 1,831 8p-01
QARR. P o 1. 1730w D3 DXE9. 0 pm 5. E}3Ga-02 O41%5.0 nm 1,86l 1@-01
G330, 1 o 1, 2190e-50 SIT0.0 [n S .TEEODuU-02 D40, 0 nm 1. 358 Fa=01
GI21.0 oe 1.2672e-002 3371.0 nm 5.Bd1Rn-03 DZ1.0 nE 1. 934 Tm-m1
0333.0 Bm 1.31E%@-02 2ATE, 0 nm 6.10188-02 G4EZ.0 nm 1. 97%0=-01
032% 0 B 1. kT qa-02 CATE, D nw 6. EEdle-032 DI 0 nnm 2.0137=-01
0324 .0 rm 1.41Bae-02 3374 .0 nm A b0 434,00 nm 2.0537a-0]
033% .0 nm 1. ATE?e-02 GITE. 0 B . D g - O2 4350 nm 3, IRl 9 a5l
0336 .0 nm . 5¥Tam~-02 OITE. O T [ g 5 P I 1 C436.0 nm 2, 131551
0F27.9 nm L5231 ka~-02 OAFT.0 e 6. ¥ Em-02 4270 I .17 4a-00
0:28.0 nm i.d4a%€&a-02 OJ7R.O T 7. 1151=-02 i P 2. 214m-00
BI2F.0 nmn 1.49%3a-02 037%. 6 T 73 ALEe-EE oAl %. 0 1 Z.29178-0%
0330.0 fn 1.70953a-03 038G % o 7.5l iSa-ik 4300 ren Z2.2923e-01
DXL O e 1,83088-0¢ 034).& Eim ToMdie-o2 | O0471.9 Z,33X0e-01
DXEE. T T 1.8837a-0F D32 .3 =m T, 35 0m-23 0433.0 . 37i0g-01
P133.0 o 1.9§81le-02 OXH3.3 =m O.100m-33 0433, 0 o .41k 1g-01
L. 0 o 2. 014082 DI84.9 mm B.3lGle-03 0434.5% o T A LEdm-0]
O350 = Z.0014m-33 D386.0 pA B.5l8de =03 0ad5. & = I 4TEDE-01
GILE. 0 = 2.150%@-03 ARG, T e L FET 0438, 0 mn 2. 53 TeE-01
g137.0 mm 2.2211m-02 SXET.0 pm LRI 0%37.0 o Z.BR1TE-01
138,10 nm Pk T ] SIEB.0 pm 8.193Gm-02 0438, 7 om o g F T
0335, 0 e & METhE-02 TAIB9.0 nm B Bl LTS ] 0438, 0 om L
034D, 0 nm I 443 1a-02 2180.0 nm #. eE0Re-0g D40 . 0 nm 2. Tinam-0]
g342.0 nm 1. 3206n-02 31%1,0 nm FoAlldE-02 Didl.0 mm . TELTe-E]
o143.40 nm A, 8000n-0g 03%2.0 nw 1. 014Ba-01 OddZ.0 nm 1. TRida-50
nnu431.0 nm 3,881 1s-03 03%3 .0 T 1.0398a-01 0443.0 nm 32,8149 @=054
0344 .0 om a3 IedEE -0 03%4.0 nm 1. 0E%4m-N1 44,0 nm P E5 I
03459 W 2. dadda-02 015%%.0 nm 1,09]15E-01 5.0 nm 2. %1598 -1
0346 .0 2. R3O0 - 0T 0056 .0 nm 1, 11ED=-01 .0 nn 2. ¥Mie-01
059 .0 rel J.0Z64m-03 0357, 0 rm 1. 045101 4470 nn 1.0151e-01
0X4R. 2 o 3. 11 AMe-00 0353 .6 1w 1. 21734w=01 4.0 M A, 0602801
DI4A .2 mm 3, 211Ae-51 039% & o 1. 200 Ta= D1 4450 nm 3.105%a-01
capmy Aclentafie Teot Bo: QoOpolsss Paan & of @
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Paka File |FRECHECK ELLI%6S IRRADIANCE & 23 cm.dat} Foincto List - Page 2

Title: PFRECEECE RA-100 8/H: HLLYES IRRSIIANCE @ 25 om

Cata/Time: 20-33-2017 ¢ 11135:04
grasdardsReference Tllusinant applisd: FEL 19050 LEMP BSH: P-4T4 IRRRDIANCE & S0 o / Mooge
Irvadiasca, Wy [=u'+na)

nitm;

Hardware: KE-21& Z00-170000, HY- 500 190-030=n, 0-4503 Z00- 101 0w, 18 &)

Hpbem) T:@ 200 -
Humbae of points:

EH1 OTE

E01

K-Recdn-Low, Wigh, Steps 390, 1108, L [/ YeAsie-Low Migh: §,0028=-03, Z.749528+00

0450, 1 o 3, 150Ea-J1 T00.0 An 5. 8480m-0] G20 0 =wm 9. 144Tm~-01
egl.0 e 3. 19ade Gl 21,0 nm 5, F105a-3] QE£8 0 = B.7130m-01
0452 .0 e 5. 284 Te-01 FR0E.0 nn gL ATId-0n a553.% o B, 2E0dm-01
0453 .0 }.201%w-01 R0 nm g. 08 im-0a a55%31.9 on o, {Ada-01
54 .0 mm L, 33894e-1]1 G834 .0 n. 05 e-01 0554 .4 B G 4170e-01
M5S0 mm L.3ETEe-01 I50%.0 G.183la-00 0555 .3 nm F.4RGE=-01
DS D R 1. 43E1lu-01 a5046 .0 LI FL LR 0455 .0 mm F.AEddE=01
45T 8 na 1 4B 3n-01 as07 .4 &, 2908 -01 0557.0 nm BB Sea-00
= EA-D nm 1. 5142e-01 0508 & e L. 3550m-01 N55E. 0 o B ES2Gm-01
459,90 nn 3. 581 Be-01 0509 . % o &.4183m=0i1 OSSO0 pa B TEZ0m-00
QdED . O Tim 3. &1 Be-0] A513.5 o &, 4837s-01 D5E0.0 nm TR TE-0D
&l 8 T 3. 8843%=-01 51l .3 m £ . G5eade 01 OSE1.0 nm BRI TE=GL
Q4832 .0 o e E T 0512.40 Ef 4. B12Ba-01 OEEZ, 0 n F. ¥ i 0a-a1
04d3. 0 =mm 3,705 0e- 00 0513.40 om & BT T8a-01 DRG0 I 1. 94 3400
0464 .0 mw 3, 8370w-001 (514,49 Bm 6. T4zdm-01 ToEd .0 Tin IS R P T
465,10 o Z.BAA5e-0L 0%1%.0 nm G E0T2E-01 SELEL O fm 1. 01 @il
OfFE, 0 o Loa02e-01 21&.0 nm G, ETERE-0] SEEE. O fm 1.03255=+0i)
D4ET.0 A 3.9921e-01 SRLT. 0 N .81 e-01 C2ET.0 I 1, 0336200
D4EE.0 nm 4044 Fm-01 S51E.0 nn 9. hlqem-01 O5EE. 0 T 1. 034 w=-00
Lia®. 0 nm 4. DReRs-0] Gai%. 0 nm T IETEE- 01 Q548,00 R 1.0%70a=00
4700 nm 4.145%0=-01 G538, 0 fm T. 13350 -31 F5T0.0 D 1.054Zme 00
HMIL.D anm d Rl -] a521.0 TolEade-00 05780 =a 1.0614esS0
472 .0 nm 4. 2844w -01 ana3.0 7o dge 00 a572.2 e 1, GGG &S0
S4T30 nwm I [eipn E L | aG33.0 7. a0%qee01 O571.2 mm 1, 075EE 405
SATE. T g &, AGidde-00 0534.0 o T. A e-01 n574.9% nm 1. 0B%0es 0o
d4TE, T 4,413 7-31 0525 .8 g T.46G11e-01 0575.0 nm i.0903m+00
O4TH . T mam 4,40 L e-001 0526.3 = T.5271e-0% O576.3 e 1.09Temen
Q477 .} om 4 5a0de-gl 0829.0 mm T, hE933e-01 05774 fm 1.104T e+
0475, 0 B 4. 574da-01 O5ZR. 7 R T.EGE7E-01 DE7H.d nm 1.117%400
04790 B 4.6307e-01 ORZE, ¢ nm T . Fadag-01 o=79.3 nm L. liedEann
0&dS. 0 im 4. EEX1m-01 DI} om d_TozBa-01 O&AD, 0 nm L. 1dEdm+00
050%.0 nm 4, 7T177e-01 O5X1.0 nm T_EAETE-N] DERL.O L 13 7mann
AR, 0 nm d.TerEE-D1 FL12.0 nn 7. pEEREE=-N1 OBR2.0 nm b [ T
O4R3 .0 nm d .54 TEE-01 #513.0 nm 7.9EITE-01 OSR3.0 nm 1.1481m=00
0484 .0 nm d. 5 a1 3214.0 nm B, 3EDoeE-01 B4 .0 nm L. i554enlh
0485 .0 . 995 1m-01 3535.0 nim H.iZ2Edu-01 OERS .0 1. 18080400
DUBES O el 5.0184m-01 253&.0 nm H.la8dg-01 TEREG.O0 1. 1689450
DB .0 1 5,073 7e-00 5370w B.2181.-0]1 I5EET.0 TR L. 17d9%a+a0
D40R .2 e 5.138de-001 g533 .0 1 (1 e Bt 0y IEEE .0 T i.18408+09
D4RA. 3 mm L. ilod%e-G1 0533 .0 mm B Sfldm-0] GRES O iR 119128+
s L L. 24d9a-01 0540, 0 mm B.gadle-41 G950, 0 s 1. 139884}
28], & B %.3033m-01 064l . & o E.538m-01 a%%L .0 mm 1.3055g+03
42,0 rm B, A621e-01 0542 .3 = B.E0LSe-01 O5%3.0 mm i.3i2pm+00
H4%).0 rm S.4214e-01 0543, 0 Em E.GGEANm-01 0557 .0 mm 1.21i090m+00
74,0 nm S.4B1le-D1 0% . 0 mm #,7371E-031 05494 & Em 1,226 Re+00
d455.0 nm S.5412a-01 DEAG, 3 oM F.B0gAE-01 0592 . mm 1, 2adfes 0l
0gFE .0 nn 9. &Il Eu-01 Ol i, 0 o 2.8726E-01 0994 .0 pm 1. 2418es00
0a¥T.0 nm 5. GdlEs-0] DEAT. 0 nm d_G9g04e-01 0537.3 nm 1. 5dEbws00
098 .0 nm 5, 7343-01 DEiE.0 am F.000%m-01 nsad, 0 nm 1.25883e00
Da95.0 nm 5. TdGwa-00 SE48.0 nm F_OTGRA-O] OfEES, 0 1. 23 2e=00
Ganna Sofentific Teat Bo: QGFOLIE9A Faga 1 of B
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Titls: PREONICE E5-100 §/M) HL1565 IRRADIAECE & 2% cm
DatsTie: 33-23-201% F 10:3%:04

Stardard/Reference T1llwminant applied: FEL 1000W LAMF 5/E: F-£75F TRRADRTAKCE @ S0 o8 / Hoow
Crradiance, o/ [om® e}

Unlcs:

Data File {MICHECE HLLFS IRRADIANCE @ 2% on.dat) Foints List - Fege 3

]

Hercamre: KM-206 300-1T00em, BM-50H 190-8300,, D=4550 200-1010n0m, (K58}
Mabwm: T: 200 - RE: 2Tk
Murkesr of poinkm; 200

Kehmbp-Low, High,8ceps  344a, 2220, 1 F vV-fale-Tow,High: 5. 0808&-5%, 2. 795200

&0 . 0 s 1. 2E92a+dd OERD, O nm Lo£l4les00 OTe0.0 1. %1 T9=&40
OGOE .0 s 1.2763e+00 BESL. 0 TN 1.4830%a+00 TS0 T 1. 5ddémadn
O60Z .0 mm L.2R3das0n SERE. 0 nm 1. 635 Gm+ il 1330 T 1. 981400
DEN3 .0 pm L. 2902E00 =R T 1.8112=+ 00 183 0 e 1. 9540m+ 00
DEdd .0 e .29 1a+00 5.0 T 1. 83952400 0904 _ 0 mr 1. 3G47m+ 00
DHEOS .0 F ¥ ] e+00 OESS .0 i 1. 449 8400 a735.0 o 1.971d@seidd
DEDG D 1 3R e+l -1 L E - 1.6523=w=00 0736 .0 o 19981 Eei00
SENT.D nm 1. 1078400 e .0 om 1. 6585800 0737 .80 =i 1. 9848R+00
SE08 .0 o 1. 334 9400 aG5a . ¢ o 1, 68adaa bl 07080 = 1.991dm+00
SEOT O nm 1.33%0 w0l 0855, & o 1. 8912a=50 o0v0%.0 mm 1, S3E L0
3410.0 nm 1,100 TeasDb 0660, & o 1. 89 8a=00 0710.3 pm =, 00&TE 0
2611.0 nn 1, MG &m0 0681 .4 B 1. EHITmsdD 0711,.% om Z.0113&400
QELE .3 TN 1.3505&04 0ag2. a1 pm 1, GA0 e a712. 8 Bl 3. 017Ts+00
L0 nn 1. 3554 dd HEES.0 mm 1. 696 7a+00 0713.0 nm 2. 0ZdTm+00
0814 .0 oW 1. 388 ms0d NGGe. 0 nA 1., 7032l O714.0 fim 2. DLOEe+ i
Qd1%. @ nm 1,370 3e+00 0e65,.0 nm B.T09Ea+aD TT15.0 nm e O T T
dG1E. 0 o 1.3002e+04 0666, 0 0m L.T18la+0 OTI6.0 nm .00
0a17,0 mm B, 3EV]1e+00 QEET. 0 Al 1.TEE%m+00 2717.0 mn O T . T
06lE. 0 mm L.Zagles00 OLEB.O0 nn L. TEehim+00 OT1E. 0 iR A fEmam s il
O61%. 0 e 1. 4011s+00 OEER. 0 nn L. TEsGmaiin GT10.0 pw e Tt T ]
DE25.0 e 1. 40ELla+00 CETOH, 0 mm L. TadDmé00 GFI0.0 nm 2. OR8] me D
DEXZ.0 mm L.4081m+00 SET1. 0 m 1. TiEEg400 aTIL.O0 mve 3, 0Tl pe D
0623 .0 mm 1.423ze+00 SLEYE. 0 en 1.7=%0m+00 aTIz.0 TR L= L T
G230 nm 1. 4352400 LYY 0 ren 1. 781 %m+00 7310 L o, 0dd0a+00
D624 .0 nm 14385400 GET4 .0 e 1. T =+00 0734 .0 1o P T T
DERS .0 N 1.a&3d4me00 IETE. O mm 1, 774&=a 00 0735 0w 2,057+
DEE2E .0 nE 1.4950%%=00 Q6760 mm 1,7411esl] 0326 .0 =m 2.1005m+00
DE27 0 nn 1. 457am=00 ETT.0 o 1.7876&a50 G927.0 om 10930
SEZN .0 nE 1, 454 Tm=00 O5TE & = 1. 7 lms0d 0738,.0 mm 2.1150@400
SRIE. 3 m 1, 871 Anid UL R -1 1.000Gm=30 O73%. 0 = s 120%e+00
510,00 mm 1. 4785z LT [ T 1.0070medD 0730.& em 2. 12d4a+00
3£311.3 nm 1. 4EE0a+aa OGAL. o rm 1,8135me0d 0731.8 B 2.13Z0s+00
G832 .0 =in 1.4%31lm+ild ns83. 0 om 1.8200e:05 0732.0 mm Z.1ATE=a 00
G435, 0 =m L.5%001lm+00 0583, 0 om 1.B265as0d 0733.0 mm . 143E=a 0
d434.0 =m I-S50TZe+00 DGHEG . ¢ nm 1.B320a+0s 0734, T nm T, 14 BBz
Aad%, 1 m 1.51d2Ea00 DEBS .0 fm A b1 RN T OTIR, ¢ on . ikgde=00
Q6% , 0 @ 1. 530 1eaiin JEHE. O nm b - DT [ ODTIG. 0 nn T 1EDS@s00
0837T.0 nim L. 232 ie+00 GEUT.0 nm I.BEIE+00 STIT.0 A 2. 1E%Sme D0
053&.0 i 1.9345a+00 TERE, 0 n L EEEBEeO0 STIE.0 nm 21T+ 00
G380 mm 1.5418m+00 SERD, 0 N 1. 8E8 g0 TI0.0 nm 21 TESEeSD
OE4Z.0 nm 1. 5488=+00 SEA0. 0 Tm 1. &8FiEw+00 IT40.0 nT R
OGdEY . 0 nm 1.5553@4d 0 GERL. 0 1.8T04m+0il 3T41.0 nw a_iETiasgd
64T .0 nE 1. 5620%=00 SEEE. 0 ™ b E L T FTEE. 0 e o AEIZm+OD
06&3.0 nm 1. 5d87e=o0 TEEN.0 TR 1, 85152400 T 0 n® IR DR 1
DE44 .0 nm 1. 578000 ga® .0 mw 1. a5adei00 a744.0 mm 2, IEadd
DG4S -0 nm 1, GH] Jes Qe R U 1. ¥idtmaDD a74%.0 ™ e TR
DEdG -0 o 1, 5HRdesGd 5O Tri 1.%L12m=00 a74& .0 e SR ]
OE4T .0 e 1. 554 9 O4%T_ O =m 1,31 75e=00 AT47T.0 i o, 43d%e+00
OELE . & T 1. E013@400 08580 o 1, 9Z245ms DD O7T4&_ O gos 2. 23a%9m+00
WA F 1.E0THa+A0 OGEe. 0 o 1. 851 3msEh 074% .0 g 2.2311%s+00
Hifma Sclentifc Tesk Hor QOPDIEGA Fage 4 of 4
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feta Files |PRECHECE HLASES INERDIRNCE & 25 cm.dat) Poinkco List - Page 4

Toitle: PRECHECK RE-100 S/M: EL1SEE: TRRRDTAACE & 26 om

Date Timer $31-F3-2017 § 10-3%5:0u

Standacd/Melerencas Illusizant applind: FEL 10008 LAHP S/H: F-479 IRRRDIAMCE @ 50 cn / Hones

Mritei Trradiascs. pHY lon?enn)|

Hardwara: FH-234 200-1700en, M- 308 1R0-RE0nn, B-4500 300- 101076, {44

HoTen §

24aC - BH: &7k

Hurmbsaz of polnca: &07

-Axip-lew, High, Step: 300, 11040, & ) Yohsila-Low Hight . 00EZ8e-03, 3.7%53@aii
7LD .3 nim 2. 336 Tesda GA0H. 0 T 2, 457600 OESO.0 mm PR T
07s1. 0 5 2, 242 Ta+a4a 0a3L .0 o 2. 46811erdD DESL.& Bl 2.E170m 00
0752.0 o= 2. 2% 7 0e+04 3T & on 2. 4dqlasi00 Ons3.% nm I EE0geadd
07531.0 mm 2, 2hZae+i0n 0333 . & o 2. 4EH1a+i00 OAS3.2 nm T ETIGELGE
0754 .0 m 2. 25 TdEs0n QHG4 .5 = 2. 471500 0B54.3 oo doEREEg a0
0785 .0 b 2. 2E30a+00 angs. & rm el N T B DBES . & nm 2. EZN1le+00
L7558 .0 mm 2. Z60lm+0OD QA0S , & rmm o R TEREe G DESE. T nm 2. EM0SE+0
D767 .0 nm F.ETAZm+0D 0807.49 nm 2 . AH1Ba+ 00 ON%7?.0 nm 2 ELI0@Ee00
D750 nm 2. ETEIE0D 0B0d.3 fm 2. 40 Bm+00 DHESE. & W a_Eikdginn
GTRE_ D nm O £ AT 0po2.d nm 2 AREZm+ OBEY .0 [ a_diTom+00
STEQ.D nn 2. 33EaeDh OA10.d nm e L VE R T T GEED.O nm 2.4401m+00
STEL.O nn 2. 2153 D5 DE11.0 nm e e T GEEL.O nm 2 4 ZEs+00
TE2, ¢ Tm ., 338 Jm= ] DB12.0 nm 2. 40T @400 SREZ. 0 om 2. 84 50e 00
OTEN. T T 2. 3070w 0] DEL3.0 nm 2508 1a+00 SREXN. 0O 3, 54T le400
OTEL . mm 2. 307 34 GE14.0 nm 2 =04 1w +00 GEEd .0 Tm 2. &d ¥ Tasn0
OFEs 1 B 2. 3128as040 SR1%. 0 T b OB R T GEEE [ 2, 4920m=0D
073E.0 B 2.317Ja+04a CRLG. 0 T 3, BL0Ea+00 GELE .0 T FIL LR T PR
0767.0 Ewm 2.32Z0m+00 LT 0 oM 2.52033e400 Q3dT.0 2. GNEE 0
0768, 0 mu 2, 3ZRTe+0i GALE. D 2. 51800 OAER. 0 2. 6580808
Q96%, 0 n FoEIIRGa00 3190 o 2.9301m=00 03&® .0 B Ediiesao
09700 nm Z.3358E4 00 Q82500 gxm 2.5203m=00 0870 .0 oo 3. EdY9as00
0994 .0 nm A _HDdas+00 anai .o o 2.5264==00 [V E: 2. AESGR+0
0v72.0 nm 2.4 Emm+DD 0833 .0 o 2.53952a 50 0872 .0 =m 2. 667AEA00
O773.0 nn 2. 144w+ DD 0833 .0 pw 2.5327a3D OHTA .0 =2m 2. 67008400
77D nm 3, AR AEm=]D 0824.& pm 2. 535D on?4 .o gm 2. ETELEa00
PTTE.9 nn 2. 3533 lb 025 .0 Bm 2. 51908+ 00 075 .0 nm I ETdSm+00
TTTR. 0 & AndGoadd OE2dE .0 Ba 2. 5822w+ 00 NA?G .3 o Z.BETE&a+00
TR0 oW 2, 367G ad ODAZ? .3 nm 2, GGl e+ 0D DE?T .3 nm 2. ETE%m+00
OTTH. O e 2.3713m+000 DEZA, ¢ ol T GdEEE D DETH .S am 2. GhOE=+00
I7TT2.0 o 2. I7TLEa+00 DR2A, 0 NN o 5510800 OETT. 3 nm 2. ERETe+00
OTE0.0 mr 2, ATRRa+00 CEZD.] nE 2. 58550w+0d OEEOD. T nm 3.6 Ted D0
G181 .0 pm 2. 2Bl Qe S8%1.0 nn 11 =TT DHAL, ¥ nm 2 . ERETaa OO
22,0 p . YEE2e400 SEIZ.0 I RElAmE0T DERZ . 0 [N 3 _EEETesDD
G210 nm F] Pt Y] T433.0 nm R T E-C R FERI. O TN P T (e
0734 .0 i 2.1 %Eda+00 CAI4 .0 T F.5ETEE+DD SEBL .0 nWm R P
07@%.0 nm 2 ALTEs+00 G230 T BT ERe400 SEES.0 nm 265l
0784 .0 nm 2. 4C4Em+00 F3&. 0 on 3.5Vl 00 GEEE.O0 2 RS dasdd
O7A7.0 nm d A3 5D 0337, 0 me 2. ETiw+00 TAET .0 T 3, EFR el
0783, 0 nn 2ol ddeadd Od4e.0 = 2. 503 3=+00 OAEE. 0 Tiv o TSl aad
07aF .0 2918900 0A31%.0 =m 3. 5004s+00 e E T (T 2. 131 9a+aa
DTG0 2. ai0dme 00 NAAZ. O = 2, 5855400 HEED. 0 % 2. I0IAs+0
O791.0 o ERL L EL e 0E4l. 0 o Pk L LCER T | J891.0 mm 2. 7056800
9TEI . T T o o B - G 0as2 .4 mm 2. 592%m=00 aa%3. 0 mm L [ s P T
STHI .S o R el LR 0B%3.5 B 2.595%m=00 aaF3 .0 T 3. T09 a4+ 00
OTaE .3 BN 2.455Yas00 ONad.2 pm 2, Gaadm=30 0834 .0 §f 2.91i10m+00
o708 .43 o Z.41E5me00 OE4S. 0 pm L BB TR OESE .0 or 2.7137s+00
CTUE.O ki 3. 441Zn+00 DRG0 oM 2 Bl S el gadd .0 smm 2. 7145=+00
OTHET.0 nm F 445 Em+00 DELT .0 nm 2. B0T0esG0 OA9T.0 o 2. 7eEsa00
OTRE, 0 nm & oA 00 QE4BR. 0 fm 2. 609 Va0 ORA3a. 0 maw . 71ale&400
CTRE, 0 nm d oA 00 SE4H. 0 nm 2.61l2%a+00 OngsE. o zam e T ]
goaRnd Scienclfie Tegr Ma: QOPD1ASA fage & =t n
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Dara File (FRECHECK ML196% IRRADTAKCE & 35 ow.dat] Folnce Liot - Page §

Titis PRECIOCE RS-100 57K: HLA965 IRRADIANCE & 25 om

Date Tima: 03-233-20L7 F 11:39:04

Acandard Refarances [Lluminant spplisd: FEL L600H LAMS £/H: F-E7% IRRADIAKCE & 50 om / Hone
Dnics: Iresdiance. pW) (CR*nwd

Esrdwars ) HM-Z6 200-1700nw, WH-20H 190-3200m, D- 4900 200- 10108, MRS

Babtas: T: 208 « RH: 57%

Banbar =f painkr: B01

KekwigeLow High, Brep: 300, 1180, 1 4 ¥-dxin-Law, High: 5.0028-03, 2.79528:00

LU0 0 o 2. TI1Ta+00 nesn.0 mm . TRALDEL 00 LEDD.0 nw 2. 780 ke
SRl . D 3-TZ15m+DD 0951.0 nm TR B0 1801.0 nm 2. TASEE T
030 nm 2 TS kDD DA5E2 .0 [N 2. TELBa+00 IS0, 0 . 7790400
803,00 nm 3 T2V I D953.0 nn 2.TEETA+00 199,00 .77 E2a+00
B04.0 nm 2.7 2000 OPE4.0 nm I.TETE=+00 La34 .0 T FCLE T LT
gRlG,. 0 nm P e B £RE5.0 F_TERLE400 183=.0 nn 2. 777 4d=a il
%0, & nn 2. TH3Tem=0 SREE.0 nn 2 TE%l44D0 LG, O . 7adsa i
5070 nin 2. TIqGea g} $857 .0 nw 2 _TENIs+00 1337 .0 7w Z.77844400
O9SH. 5 5in 2. TiEdE=G0 TR0 A, TEEEE00 133E. O T X PP aIm+ 00
0%38.0 om 2.7302m+00 oRER.D 3 TEE a0 10G%.0 m 2.772 5w +00
NaLd. 0 == Z.T400em+a0 06D, D T 2. T3 Ies00 10158 rm 2.7718=s00
0911, 0 mem 2. T4 1Ae+00 £l .0 2. TR Ega0D 1012.0 3.7 3Ea00
091Z.0 pam . TRIEELO0 0943 0 mmm 2. T 4m=00 10130 e 3. TERAT @O0
0913.0 i 2. T453a+ 00 0943 & mrm e 3 | PN 10130 I.TETia=0h
DO14._ 0 2. 74 T0a+00 oG4 -2 nm 4, T3 ]er Ol 1014.% mim 3 _TESameoD
OF1%.0 rm 2. T4ETa+0D N36%.% mm 2. Vigdeedd 10155 =5nm 2 _ThEYGE+00
DR1G.D nm 2.7523m+0D 0985 .3 o 2. PagdEsd 1018.3 5. 2. TElHe+0g
DR17.9 nm 1. 150 %= +0D 0967 .G =i 2,795 0as 00 1017.3 mm 3. TR S e
£918.9 nim 2.9 35Dl D9Ed.3 Em 2.79%1m+ 00 1018.3 mm A TEThg T
$91%. 5 nim FI L[ SFE 096%.0 mm 113~ P T 018,03 =m i L T T
2820.% nn PR T LTS LETn.0 nm ., 7951w 10z0.¢ em 2, T Inm+00
TEZLl. T mn 2. MmOl D871.0 nm 2. Tas0Es 0l 1021.0 Em 2. TLLEs+00
GREd, 0 mm 2 ThAlesdd DaT2.0 Al 2.7 a0 1022 .0 mm B, T BEp 0l
L I o TROAEsG] G730 Om 2. T Eu+00 1023.0 mn e I T N T
e A N T F9T4.0 nn .78 Am+00 1054, 0 om 3. TS 400
0935 . 0 B 2. VE2Ta+an TS0 nn . TEdNe 00 1035.0 nm 2,993 Te+00
OF2& .0 e 2. TERBa+an OFTE.O0 Mm . TelEE+00 EDEE.0 on ., F45dm+0n
0827.0 mm I, T4 Nn+00 eFTT. 0 onm L TeYlme 00 L3 T.0 nm 2. M Ancesnn
0332E.0 nm I, TakBe+00 GFTE.D Tin AL TedEa+00 1526.0 nm 2. 758200
A3 %, 0 nm . TEETE+00 OFTa. 0 ren 2.TEX1wm+00 L22E.0 nm e b e E O
093,40 nm 3T Tk 0D 0988, 0 e 2. TELEm+00 1890.0 nm 3. TA0daaHh
0938 .80 nm 2 MAda4 00 054L.0 2. TEI D +00 1331.0 nm FPR PR R
D932 .0 nm 3. 7633m+0D 0333.% nm o TS a0 bE3E.0 2.5 0me 00
0933 _ 8 nm 2. 71700m+00 0333.% o TR 16330 nw 2,920 08+ 00
0934 .0 2, 7P 0RmsDd 0934 .% o P E & kLTI 1334.0 2. 72088+00
QRIS .0 M e 1T 0985 .5 s 2.Tea8m=00 103%.0 b TN
D8RG 3 T 2, ITEImadd 0948 & g 2. Taa2e=00 107360 nm T, 7166000
8370 o 2.7l 09A7.3 =m 2, TATTe=00 10370 e Z.7lavasnn
SO%H.G = 2. 7Ti0a+] GEAA.J mm . 74720 Loas o Z.71i03m+00
TH33.0 =m Z.7TdGe+d0 DRAF, D nm et LRl LE-2i] 103%.0 rm . T0TEE+00
4N, 0 mm 2. 7T+ “840.0 pm I E [ LY 5 1088 .0 . TN BEG 00
¢1l.0 pm . TTEZaa0n £991.0 BA 2. 7A8 Ta+ 30 1041 .0 Z.7T0Z1e400
Rl 0 B B RN 3892.0 mm 2. TAGdAs+00 1043 . & 1w 3, E99igs00
GFdE. 0 nm 2. TrTEa+00 TRERN.0 nm 2, TR4An+GD 1043 .% T 2. E9E4w+00
0%44..0 nnm 3-TIaE=m+00 eRRg 0 o o THE I G 1048 .0 smm 1. ED1Em+00
054% .0 nm & TIEE=+00 GRa5.0 nm ] R LITERY 1045.7 o J.EE0 Tl
0%4& .0 nm 2. Ta04=+00 FFRE.0 N P R TTORY 1046 .0 o T.EHTREa00
0547 .0 nm PN =R GFST.0 nm 2.7029a+00 1047.0 o I 1 e
09450 nm PR R T OF58.0 nm . THEAB+OG 1048, 3 o 2 _ERI LD
0%3% .8 nm F ] B[ EEE J39%9.0 7. THISE+00 1048, G o 2 BTl
Garma Scrankific Tamk Bo: COPDIERR Fege & cf B
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Data File (PRECHECE NLLPGS IRRADTAKCE & 25 omdac] Pointe Lisk - Pago 4

Ticl=; PRECHECE RE-100 8/F: EL1365 I[FRADIEHCE & IS5 o

Dsbe/Tima: 05-23-2007 F 22:-0=:-a4

Erandard S Feference Tllumirant spplicd: FEL 1000K LaMP S/89: F-#7% IRRADTANCE & 50 om J/ Hono
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Detector:

Wavelength range:
Integration time:

Dynamic range:

Signal-to-noise ratio:

Dark noise:

Grating:

Slit:

Detector collection
lens:

Order-sorting:
Optical resolution:
Stray light:

Fiber optic
connector:

Wavelength range:

Sony ILX511B (2048-element linear silicon CCD
array)

350-1000 nm
1 ms - 65 seconds (20 seconds typical)

8.5 x 1077 (system):; 1300:1 for a single
acquisition

250:1 (full signal)
50 RMS counts

&00 lines/mm, set to 350-1000 nm (blazed at
500 nm)

25um
No

OFLY-350-1000
1.5 nm PWHM
=(0.05% at 600 nm; =0.10% at 435 nm

SMA 905 to 0.22 numerical aperture single-
strand fiber

350-1000 nm
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Goniometer System Specs:

Table 2 - Adaptability and Motor Control Specs.

X (Longitudinal) Range mm

"H-V #0- 150mm (6°)

¥(Lateral) Range mm *H-V +/- 300mm (127
£ (Vertical) Range mm “H-V" down to 500mm (20
X Resolution 0.5 mm
¥ Resolution 0.5 mm
£ Resalution 0,5 mm
'j.;'hg@;aﬂ' | 0.5 +/-0.26 mm
Y Accuracy 0.5 +/- 0.25 mm
Z Accuracy 0.5 +/- .25 mm

H Range in degress

1B0 degrees left and right

WV Range in degrees

110 degrees up, 110 degrees down

H Resolution 0.01 degrees

W Resolution 0.01 degrees

H Accuracy 0.01 +/- 0.005 degrees

W Accuracy 0.01 +/- 0.005 degrees

H Rotation Speed degrees/second | 20 degrees per sec (user variable}

V Rotation Speed degrees/second

20 degrees per sec (user variable)

Table 3 - Computer Specs.

Operating system | Windows XP Professional
Hard Disk Size | 40GB (Typically)
System Memory | 512MB (Typically)

Table 4 - Forward Lighting Capabilities

ECE Yes
SAEFMVSES | Yes
5 Yios
Other Yes

Table 5 - Signal Lighiing Capabilitles

ECE Yes
SAETFMVES | Yes
JIS Yes
Other Yes
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Table 6 - Retro Reflex Capabilities

ECE Yes
SAEFMVSS | Yes
IS Yes
Other Yes

Table 7 - Isocandela capabilities
H Section | Yes
V Section | Yes

Table § - Other capabilities
Road Mlumination (BEV) | Yes
Scans Yes

Tahle ¥ - Detector capabilities

Intensity Range for

Hoffman detectors are capable of measuring from 0.01 ¢d fo 17,000,000 cd

| detector at 80 g5 configured.
Detactor Resalution 16 BIT Resolution - all ranges
Detector Accuracy Accuracy for luminous intensity: 2%, Non-Linsarity: < 2% throughout
range; Color response relative to SAE color limits: SAE Amber <2% eror,
SAE Medium Red <3% error
Size (Light §.8mm sq
sensitive surface
araa)
Sampling Rate up to 200kHz
{kHz) ]

73



4sset# Description Manufacturar Maodsl Sarlal & Last Cal  Mext Due

133004 HOFFMAM STANDARD LAMP #3 HOFFMAN ENGINEERING S80-1TF 985863 1242017 1v24/2018
133009 ALIGHNMENT LASER MELLES GRIOT DE-LHR-141 SZE1EI VBuU VBU
133011 POWER SUPPLY, 600 [ 10A 7 2D0W HOFFMAN BO3EA US36510144 VBU VEU
133021 STANDARD LAMP HOFFMAN ENGINEERING S80-1TF HEC-3207  &E2017  B/E&2018
133027 GONIOPHOTOMETER HOFFMAN ENGINEERING AGS-1100 NA VBuU VBU
133027.1 PC HOFFMAN ENGINEERING IPC-E30BEP Xi2-51822 VBuU VEU
133027.2 SOFTWARE FOR GONIOMETER HOFFMAN ENGINEERING HGS-1100 V2.07.35 VBuU VBU
133033 STANDARD LAMP HOFFMAN ENGINEERING 580-17F HEC-4658  &@2017  &/8ziia
133063 SHUNT EMPRO 20A400MY a079 B2G6/2017 62672020
133065 DMM KEITHLEY 2000 2042413 512017 SM12018
133030 DETECTOR .33t HOFFMAN ENGINEERING TZP-1101 HEC-41&8% VBuU VEU
133054 RADIOMETER 350 - 1000nm HOFFMAN ENGINEERING SMS-1000 HECG-107&a7 VBu WBU
133071 Standard of spectral Radiancelmadiance  Gamma Sclientific RS-108/RS-TI-2 HL 1855 4132017 4132018
130718 DT POWER SUPPLY, B0V [ 50A / 10008 HEWLETT PACKARD E032-A US3s420127 VBU VEU
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Appendix B. Circuit Diagram for LED Lights
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Appendix C. Candela Plots of Lights — Bright Mode
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Figure 3. Raw photometric distribution for J.W. Speaker (S8 LED)
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Appendix D. Candela Plots of Lights — Dim Mode
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Appendix E. Candela Plots of Halogen Lights
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Appendix F. Intertek Photometry and Colorimetry Measurement
Summaries
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Appendix G. llluminance Maps of Test Samples
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llluminance Maps of LED Samples at Ground Height in Bright Mode
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Figure 1. llluminance map of JW. Speaker (52 LED)
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Figure 2. llluminance map of JW. Speaker (54 LED)
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Figure 5. llluminance map of Hydra-Tech 2800K (S9 LED)

Deearadl Hluminarce ai @ ft off the Greend He adlamg Bumirancs at 0 % off the Grounsd
A0 A0
TH TH
[ [
= =
2 w00 | 2 w00 |
2 w0 2 w0
f fa
2 £ w0
200 200
H H
n n
40 e 20 -0 1] Wl 0 MO 4 40 e 20 WD ] L U LR
Liaberal Do samss () Laberal Diisiarss (%)

Figure 6. lluminance map of Hydra-Tech 2800K (513 LED)
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Figure 8. llluminance map of Hydra-Tech 7000K (510 LED)
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Figure 14. llluminance map of Smart Light Source (S6 LED)
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2 Feet High, Bright Mode
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4 Feet High, Bright Mode
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Ground Height, Dim Mode

llluminance Maps of LED Samples at Ground Height in Dim Mode
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2 Feet High, Dim Mode

llluminance Maps of LED Samples at 2 ft Height from the Ground in Dim Mode
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4 Feet from Ground, Dim Mode

llluminance Maps of LED Samples at 4 ft Height from the Ground in Dim Mode
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llluminance Maps of Halogen Samples at Ground Height
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llluminance Maps of Halogen Samples at 2 ft Height from the Ground

Ciwvorall Muminangs 38 2 % of the Grosensd Headlamp Buminance ai 2 ft off the Ground

5:'] :

01] T

Hrl an1
L= L=
= E =
| - I~
E E
(=l = L]
£ £
E 300 E 300

]
]

E
E

[ [
40 M) 20 W [ W M M 41 -0 0 20 -1m ] 0 I Me 4K
Listoral Oiailanza iy Lisdiral Crealaneca (Mip

Figure 1. llluminance map of AMGLO (5S4 HAL)

Qrworall Muminanco a8 3 % o ihe Grosed Headlamp Buminance o 2 i off the Ground
Ein) |- Bin] -
0l B
el an1

Frongal Dietance (1)
=

Froongal Dieta noe (11}
£ &

g

al

0] IE]

e e

a a

O vy O v

Figure 2. llluminance map of AMGLO (S5 HAL)
Drvarall Wkmingsce 9 @ 1 off the Grasnd Headigmp luminanee & 2 7 aff the Gound

-

70 | o]

Al ]

£
£

u
=
Frondal Dedance (1)
=

Frongal Discancs (1)
L
=

ME]
i) s
| 1
n a
L= < U [ 1] b Wl MDD MO 400 -0 M -2 -i 1] 0 A0 Me WD
Liaterall Deslannia (L) Ladiral Dealana Ny

Figure 3. llluminance map of AMGLO (S7 HAL)

130



Crwarall Muminancs 38 3 % oH the Groseed Hegadlpmp Mlumdsancas 3 3 & off the Ground

) a0+
7 T |
an (]

E
g

Fisiita | Deatsa rocss (71}
™
=

Frongal Distance (M
=

20l
- 20l
i) |
! -0 - 200 it} 1} 20 m e L] ! 40 -3 200 -0 1 1 Fat 1] 00 a0n
Laadiaal Crialaiszin (fp Laaterial Dislaania i)
Figure 4. llluminance map of ePowerRail (53 HAL)
Drvarall INminasce 7 3 7t off the Grownd Headlamp Nlumrdsancs a1 7/ off tha Ground
a0+ a+
H) | 00 |
L] wHl

Frontal Damancs i)
L
2 2
Frontal Detanss if)
L
2 &

200 | 200 |
200 200 |
! %30 |
A0 N 2 - o Wl HD NN 400 ‘ A0 N 2 -1 o W HD M0 400
Lanaval Dstancs (ft) Lanaval Distanca i)
Figure 5. llluminance map of ePowerRail (S5 HAL)
Drvarall Whmingece i 2 ft off the Groend Headlamp Buminance i 2 it off the Sround
A Bl - 1
O | Bl
()] ]

g
E

-]
=
Frongal Destance (i)
=

Fronial Dhsa e (7
&
=

300
200 | 200
| e
n a
400 X 20 -0 o L] L] . L] L] -im M 20 i o 20 o FLrs 00

Laataial Disdinin (L) Ladisal Olanca M

Figure 6. llluminance map of ePowerRail (58 HAL)

131



Frontal Detancs ift)
E E 5 #§ E

g

A - 20 -i; n o0

a0

i}
2 2

=

Frroiia | Dt nce
5 =
g =

[
I
-]

g

n
-0 -3

Frongal Detance (1)
E E 5 §E &8 #

E

i
4m 0

Qwarall Muminanca a8 2 8 o8 the Grosssd

Frovnita | Disata i (71
[T L ]
Y8 s g2 oze

8

n
o0 WE 430
Listiral Crglanea N}

Hegdlgmp Numésangs al 2 & off tha Grousd

400 N 20 -1 o WOHD MO A0

Lineral Dhslancn i)

Figure 7. lluminance map of CML (S1 HAL)

Dvarall Wiamingece o 2 1 off the Grewnd

Frovnda | Dt i 171
B L L 2
Y B e ggoze

8

280 <100 1] il 2o N Lhiil
Laarall Destini (Tt

Hegdlgmp Numésangs at 2 & off tha Grousd

-0 -3 20 13D o Wl MO N0 400

Lieral Desliani i)

Figure 8. lluminance map of CML (S2 HAL)

Drwarall Muminanca 38 2 9108 the Groesd

Frorgal Detance (1)
=

20 -im [ o
Listiral Cialanza M

o ME 40

i
A - 20 -l o 5

Headianp Buminance 5 2 it off tha Sround

a0 ME 410
Lisdiral Diaiana (fip

Figure 9. lluminance map of CML (59 HAL)

132



llluminance Maps of Halogen Samples at 4 ft Height from the Ground
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Three-Way View of llluminance Map of LED All Lights at
Ground Height in Bright Mode

Figure 1. 3Way View of an llluminance map for a JW. Speaker dualHamp headlight and
auxillary lights (52 LED). The humanoid figure (upper-nght plot) stands 800 ft away from
the light source.
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Figure 2. 3-Way View of an llluminance map for a Hydra-Tech 2800K dualHamp

headiyﬁaﬂmmllayiyls{% LED). The humanoid figure (upper-right plot) stands
800 ft away from the light source.

137




Figure 3. 3-Way View of an llluminance map for a Hydra-Tech 7000K dualHamp
headlight and auxllary lights (51 LED). The humanaid figure (upper-night plot) stands
800 ft away from the light source.
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Figure 4. 3-Way View of an llluminance map for a Railhead/Divvali dual-lamp headlight

and auxllary lights (S7 LED). The humanoid figure (upper-right plot) stands 800 ft away
from the light source.
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Figure 5. 3-Way View of an llluminance map for a Smart Light Source d

headlight and audllary lights (53 LED). The humancid figure (upper-right plot) stands
800 ft away from the light source.
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Three-Way View of llluminance Map of LED All Lights at 2 ft
Height from the Ground in Bright Mode

Figure 1. 3-Way View of an [lluminance map for a J.W. Speaker dual-lamp headlight and
auxillary lights (S2 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 2. 3-Way View of an Illuminance map for a Hydra-Tech 2800K dual-lamp headlight and
auxillary lights (S5 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight and
auxillary lights (S1 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 4. 3-Way View of an [lluminance map for a Railhead/Divvali dual-lamp headlight and
auxillary lights (S7 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 5. 3-Way View of an Illuminance map for a Smart Light Source dual-lamp headlight and
auxillary lights (S3 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Three-Way View of llluminance Map of LED All Lights at 4 ft
Height from the Ground in Bright Mode

Figure 1. 3-Way View of an Illuminance map for a J.W. Speaker dual-lamp headlight and
auxillary lights (S2 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 2. 3-Way View of an [lluminance map for a Hydra-Tech 2800K dual-lamp headlight and
auxillary lights (S5 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight and
auxillary lights (S1 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 4. 3-Way View of an [lluminance map for a Railhead/Divvali dual-lamp headlight and
auxillary lights (S7 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 5. 3-Way View of an Illuminance map for a Smart Light Source dual-lamp headlight and
auxillary lights (S3 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Three-Way View of llluminance Map of LED All Lights at
Ground Height in Dim Mode

Figure 1. 3-Way View of an Illuminance map for a J.W. Speaker dual-lamp headlight and
auxillary lights (S2 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 2. 3-Way View of an Illuminance map for a Hydra-Tech 2800K dual-lamp headlight and
auxillary lights (S5 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight and
auxillary lights (S1 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 4. 3-Way View of an [lluminance map for a Railhead/Divvali dual-lamp headlight and
auxillary lights (S7 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 5. 3-Way View of an Illuminance map for a Smart Light Source dual-lamp headlight and
auxillary lights (S3 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Three-Way View of llluminance Map of LED All Lights at 2ft
Height from the Ground in Dim Mode

| &

Figure 1. 3-Way View of an Illuminance map for a J.W. Speaker dual-lamp headlight and
auxillary lights (S2 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 2. 3-Way View of an Illuminance map for a Hydra-Tech 2800K dual-lamp headlight and
auxillary lights (S5 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight and
auxillary lights (S1 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 4. 3-Way View of an [lluminance map for a Railhead/Divvali dual-lamp headlight and
auxillary lights (S7 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 5. 3-Way View of an [lluminance map for a Smart Light Source dual-lamp headlight and
auxillary lights (S3 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Three-Way View of llluminance Map of LED All Lights at 4 ft
Height from the Ground in Dim Mode

Figure 1. 3-Way View of an Illuminance map for a J.W. Speaker dual-lamp headlight and
auxillary lights (S2 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 2. 3-Way View of an [lluminance map for a Hydra-Tech 2800K dual-lamp headlight and
auxillary lights (S5 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight and
auxillary lights (S1 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 4. 3-Way View of an [lluminance map for a Railhead/Divvali dual-lamp headlight and
auxillary lights (S7 LED). The human figure (upper-right plot) stands 800 ft away from the light
source.
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Figure 5. 3-Way View of an Illuminance map for a Smart Light Source dual-lamp headlight
and auxillary lights (S3 LED). The human figure (upper-right plot) stands 800 ft away from
the light source.

165



Three-Way View of llluminance Map of Halogen All Lights at
Ground Height

Figure 1. 3-Way View of an Illuminance map for a AMGLO dual-lamp headlight and auxillary lights
(S4 HAL). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an Illuminance map for a ePowerRail dual-lamp headlight and auxillary
lights (S3 HAL). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an [lluminance map for a CML dual-lamp headlight and auxillary lights (S1
HAL). The human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of Halogen All Lights at 2
ft Height from the Ground

Figure 1. 3-Way View of an [lluminance map for a AMGLO dual-lamp headlight and auxillary lights
(S4 HAL). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an Illuminance map for a ePowerRail dual-lamp headlight and auxillary
lights (S3 HAL). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an [lluminance map for a CML dual-lamp headlight and auxillary lights (S1
HAL). The human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of Halogen All Lights at 4
ft Height from the Ground

Figure 1. 3-Way View of an Illuminance map for a AMGLO — dual-lamp headlight and auxillary
lights (S4 HAL). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an Illuminance map for a ePowerRail dual-lamp headlight and auxillary
lights (S3 HAL). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an Illuminance map for a CML dual-lamp headlight and auxillary lights
(S1 HAL). The human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of LED Headlights at
Ground Height in Bright Mode

Figure 1. 3-Way View of an Illuminance map for a J.W. Speaker dual-lamp headlight (S2 LED).
The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an Illuminance map for a Hydra-Tech 2800K dual-lamp headlight (S5
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight (S1
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 4. 3-Way View of an Illuminance map for a Railhead/Divvali dual-lamp headlight (S7
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 5. 3-Way View of an [lluminance map for a Smart Light Source dual-lamp headlight (S3
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of LED Headlights at 2 ft
Height from the Ground in Bright Mode

Figure 1. 3-Way View of an [lluminance map for a J.W. Speaker dual-lamp headlight (S2 LED).
The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an Illuminance map for a Hydra-Tech 2800K dual-lamp headlight (S5
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight (S1
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 4. 3-Way View of an [lluminance map for a Railhead/Divvali dual-lamp headlight (S7
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 5. 3-Way View of an [lluminance map for a Smart Light Source dual-lamp headlight (S3
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of LED Headlights at 4 ft
Height from the Ground in Bright Mode

Figure 1. 3-Way View of an [lluminance map for a J.W. Speaker dual-lamp headlight (S2 LED).
The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an Illuminance map for a Hydra-Tech 2800K dual-lamp headlight (S5
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight (S1
LED). The human figure (upper-right plot) stands 800 ft away from the light source.

187




Figure 4. 3-Way View of an [lluminance map for a Railhead/Divvali dual-lamp headlight (S7
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 5. 3-Way View of an [lluminance map for a Smart Light Source dual-lamp headlight
(S3 LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of LED Headlights at
Ground Height in Dim Mode

Figure 1. 3-Way View of an Illuminance map for a J.W. Speaker dual-lamp headlight (S2 LED).
The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an Illuminance map for a Hydra-Tech 2800K dual-lamp headlight (S5
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight (S1
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 4. 3-Way View of an Illuminance map for a Railhead/Divvali dual-lamp headlight (S7
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 5. 3-Way View of an Illuminance map for a Smart Light Source dual-lamp headlight (S3
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of LED Headlights at 2 ft
Height from the Ground in Dim Mode

| &

Figure 1. 3-Way View of an Illuminance map for a J.W. Speaker dual-lamp headlight (S2 LED).
The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an Illuminance map for a Hydra-Tech 2800K dual-lamp headlight (S5
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight (S1
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 4. 3-Way View of an [lluminance map for a Railhead/Divvali dual-lamp headlight (S7
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 5. 3-Way View of an Illuminance map for a Smart Light Source dual-lamp headlight (S3
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of LED Headlights at 4 ft
Height from the Ground in Dim Mode

Figure 1. 3-Way View of an Illuminance map for a J.W. Speaker dual-lamp headlight (S2 LED).
The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an Illuminance map for a Hydra-Tech 2800K dual-lamp headlight (S5
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an Illuminance map for a Hydra-Tech 7000K dual-lamp headlight (S1
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 4. 3-Way View of an [lluminance map for a Railhead/Divvali dual-lamp headlight (S7
LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 5. 3-Way View of an Illuminance map for a Smart Light Source dual-lamp headlight
(S3 LED). The human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of Halogen Headlights at
Ground Height

Figure 1. 3-Way View of an Illuminance map for an AMGLO dual-lamp headlight (S4 HAL). The
human figure (upper-right plot) stands 800 ft away from the light source.

205



Figure 2. 3-Way View of an [lluminance map for an ePowerRail dual-lamp headlight (S3 HAL).
The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an Illuminance map for a CML dual-lamp headlight (S1 HAL). The
human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of Halogen Headlights at
2 ft Height from the Ground

Figure 1. 3-Way View of an [lluminance map for an AMGLO dual-lamp headlight (S4 HAL). The
human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an [lluminance map for an ePowerRail dual-lamp headlight (S3 HAL).
The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an Illuminance map for a CML dual-lamp headlight (S1 HAL). The
human figure (upper-right plot) stands 800 ft away from the light source.
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Three-Way View of llluminance Map of Halogen Headlights at
4 ft Height from the Ground

Figure 1. 3-Way View of an [lluminance map for an AMGLO dual-lamp headlight (S4 HAL). The
human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 2. 3-Way View of an [lluminance map for an ePowerRail dual-lamp headlight (S3 HAL).
The human figure (upper-right plot) stands 800 ft away from the light source.
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Figure 3. 3-Way View of an [lluminance map for a CML dual-lamp headlight (S1 HAL). The
human figure (upper-right plot) stands 800 ft away from the light source.

213




Appendix H. Color Rendering of Test Samples
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Color Renderings of LED Samples in Bright Mode

Figure 1. Color Rendenng igure 2. Color Rendenng  Figure 3. Color Rendenng
of JW. Speaker (52 LED) Df JW. Speaker (54 LED)  of JW. Speaker (58 LED}
(5,880 K) (5,880 K) (5,880 K)

Figure 4. Color Rendenng  Figure 5. Color Rendenng  Figure 6. Color Rendenng
of Hydra-Tech 2800K 55 c:nf Hydra-Tech 2600K (39 of Hj,ﬂ:lr:a-Tech 2800K ( 513
LED) (3,198 K) LED) (3,196 K) LED) (3,198 K)

Fgure 7. Color Rendenng igure 8. Color Rendenng  Figure 9. Color Rendenng
ra-Tech 7000K 51 c-f Hydm—Ted"l TO00K (S10  of H ydra-Tech 7000K ( S’IE
LED} (6,567 K) LED) (6,567 K) LED) (6,567 K)

215



Figure 10. Color Rendering of Figure 11. Color Rendering of Figure 12. Color Rendering of
Railhead/Divvali (S7 LED) Railhead/Divvali (S11 LED) Railhead/Divvali (S12 LED)
(2,938 K) (2,938 K) (2,938 K)

Figure 13. Color Rendering of Figure 14. Color Rendering of Figure 15. Color Rendering of
Smart Light Source (S3 LED) Smart Light Source (S6 LED) Smart Light Source (S14 LED)
(3,209 K) (3,209 K) (3,209 K)
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Color Renderings of Halogen Samples

Figure 1. Color Rendering  Figure 2. Color Rendenng  Figure 3. Color Rendening
of AMGLO (S4 HAL) of AMGLO (56 HAL) of AMGLO (S7 HAL)
(3, EIIEiD K) (3,090 K) (3,090 K)

Figure 4. Color Rendering  Figure 5. Color Rendenng  Figure 6. Color Rendering
of ePowerRail (53 HAL) of ePowerRail (S5 HAL) of ePowerRail (58 HAL)
(3,129 K) 3129I{} {3129|'(

Figure 7. Color Rendering  Figure 8. Color Rendenng  Figure 9. Color Rendenng
of CML (S1 HAL) of CML (52 HAL) of CML (S9 HAL)
(3, DB’I K) (3,081 K) (3, []B'I K)
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Appendix I. Intertek Measurement Results

Times for LED Samples to Reach “Stable” State, Bright Mode
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Intertek, Grand Rapids - Photometric Lab
Bulb 37.5V 5A; 37.0V 5A

Sample #1

e
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E
=
g

320000

JOB #G103303532
Total time29 mins 45 sac

Eguipmant: Hoffman Engingaring AGS- 1 1400G-007

PiM: Sample 1 LED  loom Temp: 250 - 26%
Cruote # Qu-00830398
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Intertek, Grand Rapids - Photometric Lab Eguipiment: Hoffmann Engineering AGS- 1 1400G-007
Bulk 37.5V 5A: 37.5V BA PiN:Sample 2LED  ioom Temp: 24C - 25% RH

Power 37.50v 5.000a; 37.50% 5.000a JOB #G103303532 Cuote & Qu-00E30398

" Bun Date, [ID#] 11/27/2017 1:57 PM [013346-01] Total time29 mins 45 sec
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Intertek, Grand Rapids - Photometric Lab Equipment: Hoffmar: Engingering AGS- 1 1400G-007

Bulb 375V 5A; 375V A P/M:Sample 3LED  toom Temp: 240 - 26%
Power 37.50v 5.000a; 37.50v 5.000a JOB #1G103303532 Cluote # Qu-00830398

~ Aun Date, [ID#] 11/27/2017 4:18 PM [013347-01] Total time 19 mins 30 sec

Sample #3
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Intertek, Grand Rapids - Photamatric Lab Eguipmrent: Hoffman Engineeving AGS-T1H0UG-007

QL_ID_ _3?.5'&.!' BA: 37.5V 5A P/N: Sample #4 toom Temp: 230 <25% RH
Power 37.50v 5.000a; 37.50v 5.000a JOB #G103303532 Quote # Qu-00830398
Run Date, (I0£] 12212017 01:168 PM [013463-07] Total time 29 mins 45 sac

Sample #4 - Bright Mode
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Intertek, Grand Rapids - Photometric Lab
Bulb 37.5V BA; 37.5V BA

Power 37.50v 5.000a; 37.50v 5.000a

SAmple #5

Eguipment: Hoffman Engineering AGS-1140UG-007
P/N;Sample 5 LED  oom Temp: 250 - 26%

JOB #G103303532 Cruate # Qu-00830398
Total time24 mins 45 sac
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Imtertek, Grand Rapids - Photometric Lab

Pawer 37.50v 5.000a; 37.50v 5.000a

_ Run Date, [I0#] 11282017 11:63 AW [113366 01]

JOB #G103303532

Total time8 mins 45 sec

Eguipment: Hoffman Engineening AGS- 1 140UG-007
PiN: Sample 6 toom Temp: 240 - 26%

Cluote # Qu-00830398
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Intertek, Grand Rapids - Photometric Lab Eguipment: Hoffmarn Engineering AGS-T1HO0UG-007
Bulb 37.5V BA; 37.5V 5A P/M: Sample 7T LED  foom Temp: 240 - 26%

Power 37.50v 5.000a; 37.50v 5.000a JOB #G6103303532 Cuote # Qu-00830398

_ Run Date, (0f]  171/28/2017 1:35 PM [013367-01] Total time 29 mins 45 sac
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Intertek, Grand Rapids - Photometric Lab

Bulb  37.5V5A; 37.5V 5A
Power  37.50v 5.000a; 37.50v 5.000a
Run Date, ID#]  11/26/2017 4:13 PM [013370-01]
Sample8

200000

JOB #G103303532

Eguprient: Hoffrman Exgingaing AGS- 1 T400G-007

PiM: Sample & toom Temp: 240 - 26%
Cruote # Qu-(0E30E398

Total time8 mins 45 sec

180000

160000

Candela

140000

120000

Ampersge
P L o
P (3% —

-
7]

=
=

226



Intertek, Grand Rapids - Photometric Lab Equiprmiant: Hoffman Engingering AGS- T 1400G-007
Bulb 37.5V &4, 375V 5A PiN:Sample 9LED  loom Temp: 23C-26%

Power 37.50v 5.000a; 37.50v 5.000a JOB & G103303532 Cruote # Qu-00E30398

_ Run Date, [ID#]  11/30/2017 10:03 AM [013373 04] Tolalfmae mins. 45 8ac
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Intertek, Grand Rapids - Photometric Lab Equipimeant: Hoffman Engingering AGS-11400G-007

Bulb |37.5V 5A; 37.0V DA PN Sample 10 LED  toom Temp: 24C-26%
Power 37.50v 5.000a; 37.50% 5.000a JOB #:G103303532 Cruote # Qu-00830393

_ Aun Date, (D8] 11/30/2017 11:31 AM [013374-04] Total time6 mins
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Intertek, Grand Rapids - Photometric Lab Eguipment: Hoffman Engingening AGS- 1 I40UG-007
Bulb 7.5V 5A; 375V 5A P/N: Sample 11 LED  foom Temp: 240 - 26%

Power 37.50v 5.000a; 37.50v 5.000a JOB #G103303532 Cluote # Qu-00830398

Aun Date, D8] 113072017 12:13 PM [013375-07) Tatal time & mins
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Intertek, Grand Rapids - Photometric Lab Eguiprmant: Hoffman Engineering AGS- 1 1400G-007

_ Bulb 375V BA; 375V 5A P/N: Sample 12 LED  ioom Temp: 240 - 26%
Power 37.50v 5.000a; 37.50v 5.000a JOB #:G103303532 Cluote # Qu-00830398

_ Aun Date, [ID#] 11/30/2017 1:36 PM [013376-01] Total timef mins 15 sec
Sample 12
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Intertek, Grand Rapids - Photometric Lab Equiprment: Moffmar: Engingaring AGS- 1 1400G-007

Bulb 37.5V 5A; 37.5V HA P/N: Sample 13 LED  toom Temp: 240 - 26%
Power 37.50v 5.000a; 37.50% 5.000a JOB #G103303532 Cruote # Qu-00830398

_ Run Date, [ID#] 11/30/2017 3:23 PM [013377-04] Total time 13 mins
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Intertek, Grand Rapids - Photometric Lab Equiprmeant: Moffmar Engingering AGS- 1 1400G-007
Bulb 37.5V BA; 37.5V 5A P/M:Sample 14 LED  foom Temp:24C - 25%
Power 37.50v 5.000a; 37.50v 5.000a JOB #1G103303532 Quate # Qu-00830398
Run Date, (I0#] 11302017 4:36 PM [013378-01] Total time 8 mins 30 sec
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Irtertek, Grand Rapids - Photometric Lab Eguiprent: Hoffrman Eagingading AGS- T 1400G-007

Bulb 37.5V 5A; 37.0V 5A P/M:Sample 15 LED  ioom Temp: 240 -25%
Pawer 37.50v 5.000a; 37.50v 5.000a JOB #G103303532 Cuote # Qu-00830398
Run Date, (0] 10302017 6:43 PM [013378-04] Total time 28 mins 45 sac

Sample 15 LED
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Times for LED Samples to Reach “Stable” State, Dim Mode

234



Intertek, Grand Rapids - Photometric Lab Equignrient; Hoffman Engingering AGS- 1 1400G-007

Bulb 15.00V 7 5A; 15.0V 1 5A P/N:Sample 1 LED  ioom Temp: 250 - 26%
Power 15.00v 5.000a; 15.00v 5.000a JOEB #:G103303532 Cuote # Qu-0830398

_ Run Dote, (ID#)]  11/28/2017 4:55 PM [013363-01] Total timee 29 mins 45 sac
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Intertak, Grand Rapids - Photomaetric Lab Eguprent: Holfman Engineaiing AGS- T T400G-007

Bulb 37.5V 0A; 37.0V DA FiM: Sample 2 LED  Toom Temp: 240 - 25%
Power 37.50v 5.000a; 37.50v 5.000a JOB #G103303532 Cluote # Qu-00830398

| Total time27 mins 30 sac

_ Run Date, [ID#] 117272017 12:06 PM [113345-01]
Sample #2

ZBO00-

26000
i i e el T

Candela

i 110

Voltage
g8

E

b
[=]

Amperage
P
=

—
-

=
=

236



Intertek, Grand Rapids - Photometric Lab

Bulb 17V - 10A; 58V - 10A
Power 17.00v 10.000a; 58.00v 10.000a

Sample #3 - Dim Mode

BOA00-

Equipnmant: Holfman Engineering AGS- T IOUG-007

PiM: Sample #3
JOB & G103303532
Total time 29 mins 45 sac

toom Temp: 220 <25% RH
Cluote # Qu-00830398
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Intertek, Grand Rapids - Photometric Lab

Bulk 7.5V 5A; 3T.5V 5A
Power 37.50v 5.000a; 37.50v 5.000a

Run Date, [IDF] 11282017 8:34 AM [013348-01]

20000

JOB # G103303532

Equiprmeant: Hoffmart Engingering AGS- TI400G-007

PiM: Sample 4 LED  foom Temp: 240 - 26%
Quote & Qu-00830398

Total time? mins 15 sec
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Intertek, Grand Rapids - Photomatric Lab Eguipmant: Hoffman Engingering AGS- 1 1400G-007

Bulb _Iﬁ.l}"u‘ I BA; 1500V 1 BA P/N: Sample 5 LED  toom Temp: 250 - 26%
Power 15.00w 5.000a; 15.00v 5.000a JOB & G103303532 Cuate # Qu-00830398

_ Run Date, [ID#] 11/28/2017 3:04 PM (013352 01] Total time29 mins 45 sac
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Intertek, Grand Rapids - Photometric Lab Equiprmeant: Hoffmar Engingaring AGS- 1 1400G-007

_Bﬂ:l__ 17V - 10A; 58V - 104 PiM: Sample #6 toom Temp: 220 <25% RH
Power 17.00v 10.000a; 58.00v 10.000a JOB #:G103303532 Cluote #: Qu-00830398
Run Date, (0#] 12162017 11:27 AM [1134563-01) Total time 29 mins 45 sac

Sample #5 - Dim Mode
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Intertek, Grand Rapids - Photometric Lab Equiprment: Hoffman Engingering AGS- 1 1400G-007

E!._i_b 17V - 10A; 58V - 104 P/M: Sample #7 toom Temp: 230 <25% RH
Pawer 17.00v 10.000a; 58.00v 10.000a JOB & G103303532 Cuote # Qu-00830398
Run Date, IDK] 12162017 2:28 PM [013465-01] Total time29 mins 45 sac

Sample #7 - Dim Mode
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Intertek, Grand Rapids - Photomatric Lab Equiprmant: Hoffman Engingering AGS- 1 1400G-007
Bull 37.5V BA; 375V BA P/N: Sample 8 toom Temp: 240 - 26%

Ponver 37.50v 5.000a; 37.50v 5.000a JOB #G103303532 Cruote # Qu-0DE30393

~ Run Date, [ID#] 11/20/2017 3:14 PM (013368 01] Total time 1 min 30 sec
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Intertek, Grand Rapids - Photometric Lab Equiprmant: Hoffman Engingering AGS- 1 1400G-007

Bulk 15.00 1 5A; 15.00 1 5A P/M:Sample 9LED  toom Temp: 23C-26%
Power 15.00v 5.000a: 15.00v 5.000a JOB # G103303532 Cuate & Qu-E30393

Run Date, [ID#] 11/30/2017 8:40 AM [013373-01] Total timed mins 45 sec
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Intertek, Grand Rapids - Photometric Lab Egquipment: Hoffman Engineering AGS-1140UG-007
Bulb 15.0W / 5A; 15.00 1 5A P/N:Sample 10 LED  toom Temp: 24C-26%

Power 15.00v 5.000a; 15.00v 5.000a JOB & G103303532 Quote # Qu-00830398

_ Run Date, ID#]  11/3062017 11:06 AM [013374-01) il ki ot
Sample 10
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Intertek, Grand Rapids - Photomeatiic Lab Eguipiant: Hofman Engiteering AGS- 1 1400G-007

Bulk _I?"u" - 104A; 58v - 104 PN Sample #11 ioom Temp: 230 <25% RH
Power 17.00v 10.000a; 56.00v 10.000a JOB #G103303532 Cuote # Qu-00830398
_ Run Date, ID#] 12/16/2017 3:47 PM [0134566-01] Total time 3 mins 45 sec

Sample #11 - Dim Mode
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Intertek, Grand Rapids - Photometric Lab
Bully 17 - 10A; 5BV - 104

Sample #12 - Dim Mode

Equipimeant: MHoffmar Engingaring AGS-11400G-007

PiN: Sample #12
JOB #G103303532
Total time29 mins 45 sac

toom Temp: 23C <25% RH
Cuate # Qu-00830398
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Intertek, Grand Rapids - Photormetric Lab
Builb 15.0V 1/ 5A; 15.0V 1 5A

Equipmant: Hoffman Engingering AGS- 1 1400G-007

PiM:Sample 13 LED toom Temp:24C - 26%

JOB #G103303532

Cluote # Qu-00830398

Total time 19 mins
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Intertek, Grand Rapids - Photometric Lab

17V - 10A; 58V - 104
17.00v 10.000a; 58.00v 10.000a
Run Date, IDf] 12152017 12:57 PM [013454-01)

Sample #14 - Dim Mode
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Equipment: Hoffmarn Engineering AGS- 1 1H0UG-007

toom Temp: 220 <25% RH
Cruote # Qu-00830398

PiM: Sample #14
JOB & G103303532

Total time 29 mins 45 sac
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Intertek, Grand Rapids - Phatometric Lab

Bulty 5.0V DA 15.0V 1 5A
Power 1500w 5.000a; 15.00v 5,000a

sample 15 LED
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Eguipmiant: Hoffrman Engingeing AGS- 1 1400G-007

PiMN: Sample 15 LED  toom Temp: 240 -25%
JOB #G103303532 CQuate # Qu-00830393
Total time 29 mins 45 sac
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