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A History of Light Sources

~400,000 BCE - Fire is discovered.
~3000 BCE - Oil lamps are open bowls with a spout to hold the wick.

~400 - The candle is invented.
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1809 - Sir Humphrey Davey demonstrates electrical dlschar%e lighting to the Royal
Institution in London, using an open-air arc between two carbon rods. The result’is
a very intense, and very pure white light. Unfortunately, as the arc runs, carbon
boils ‘off and the rods wear away: constant attention must be paid to readjusting
the arc, feeding more carbon in:.

A 1841 - Frederick DeMoleyns patented incandescent lamp using filaments of
platinum and carbon, protected by a vacuum.

A 1880 - Thomas Edison receives U.S. patent #223,898 for the carbon filament
incandescent lamp.

A 1932 - Low pressure sodium lamps are first used commercially.

A 1934 - The high-pressure mercury lamp is introduced.

A 1938 - First commercial sale of the fluorescent lamp

A 1957 -The quartz halogen lamp (A.K.A. tungsten halogen Iampg is invented. In
conventional tungsten lamps, the filament metal slowly evaporates and condenses
on the glass envelope, leaving a black stain. In this case, the halogen removes the
deposited tungsten and puts it back on the filament.

A 1962 - First light emitting diode (LED)

A 1966 - Commercial introduction of the high pressure sodium lamp

A 1969 - A new form of metal halide lamp, the HMI lamp (mercury medium arc
iodides) is introduced. The H stands for merc_ug(éatomlc symbol "Hg"), M is for
{\/Ietals antd the | is for halogen components (iodide, bromide). It provides a daylight
ype spectrum.
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LED vs Traditional Light Sources

Strengths
U No filaments like incandescent lamps.

U No electrodes like gas discharge lamps (HPS, Metal Halide,
and Fluorescent).

U No Mercury in the Light Source
U Instant On, Full Color, 100% Light, dimming options

U Promise of Long Life T Reduced Maintenance Costs

Weakness

U Higher initial cost compared to traditional light sources.

U Electronic LED driver life can be drastically reduced if exposed
to high heat levels.

U Electronic LED drivers provide only a fraction of the surge
protection that is offered by HID core and colil ballasts.
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What is an LED?

Light-Emitting

White light is generated through a phosphor conversion
process of the blue wavelength emitted from the die
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Color spectrum for LEDs contains a peak in the blue wavelength
and causes objects to look more blue than other sources
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What is an LED?

LEDs are semiconductor components which exhibit an
exponential I-V characteristic, DC current/voltage

o B ] Characteristics:
Current T 9 D E’ .
Conventional Current Flow Hme . ) | | POIarlzed (AnOde +)(Cath0de -)
T %0 Typical Voltage ~ 3V
L 40 :
AROGe o . Catrode DC current-driven
30 . .
> (more current = more light, little
a 20 — .
i womwes CNANGE IN V)
LED and its Ve Power = Heat + L|ght
-V Characteristics 0 A2 3 e s . .
V. ESD & Dust Sensitive devices

Careful attention to polarity and current applied

Reverse polarity or too much current can permanently damage an LED
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LED Characteristics

LEDs are primarily impacted by drive current and
temperature.

o IFvs. Rel. Flux As current changes . Ifvs.Rel. Vf
- Voltage changes little
- Light output changes
significantly

100%

LEDs are more efficient at
lower current

Tj vs. Rel. Flux As temp changes
- Voltage changes little
- Light output changes

Tj vs. Rel. Vf

little
e R e LEDs are more efficient at
T lower temperatures 10 20 30 4%_50 60 70 80 90100
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LED Package

A white LED package consists of die/dice, phosphor,
electrical connections, substrate, and lens

- An LED package may
ili I .
(siliconelens)  ~gntain one or more LED
die to iIncrease amount of
LED Chip

Phosphor
2L (die) light in a smaller area.

(electrical case) / [ <
Cathode Lead | [ /(A
ar 2l € {Silicon Submount .
) b \ inner substrate)

‘ , Thermal Heatsink
Outer Package ' 4
r rat o
(outer substrate) T

(electrical junction)

Example: Chip on Board (COB) i Wire bonding
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Color and Binning

An LED can be made into different color temperatures
(CCT) and color rendering indices (CRI) by using a
different mix of phosphors.

Common CCTs:

750 2 700K, 3000K, 3500K, 4000K,
:z Daylight with Diffused Clouds - 7000K 5 O O O K
5500 Dayight - 5500K Differences in CCT can be challenging
5000 to visually distinguish
50 O Fluorescent - 4200K Common CRl
E z O Tungsten - 3200K 701 80’ 90
© 20 & IEamdeSEant = 2100 Extremely difficult to determine CRI
; 2000 i Gorels < TE00K Higher CRI = larger color gamut
1800 Incandescent Lamp = 100 CRI (Ref)

- 2018 E . All righ rved.
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Color and Binning

The human eye is sensitive to color contrasts. This is
why the color tolerance is critical to LED applications.

Even though an LED may measure 3500K, it can look
different depending on the x-y chromaticity coordinate.

ZZZZZ
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00000
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.............

LEDs perpendicular to
the black body curve

(ideal) still meet color
tolerance

oooooooooooo

Always pay attention to brightness and color of LEDs

© 2018 Eaton. All rights reserved. 11
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Color and Binning

Binning Is a sorting process for LED manufacturers to utilize all
parts made in production. Shipments are arranged by CCT, VA,
and lumens. If more than one LED is used in a fixture, it becomes
challenginwg to maintain consistent light output and color.

, , ?)05.0%
100.0% AVE | 332 100.0:? . . . . .
80.0% |_MAX | 344 gg'g.;_: SZ\E( 23: ReC| p e B InNNiN g (CO I O I') .
= MIN 3.18 67.9% < 70:0% MIN 21.4
::: 60.0% — “% 60.0%
: | § 500 ) -
g Zr ] & o A technique to fully utilize LED
20.0% — 20.0% . .
-~ | | 1004 [ g . yield by arranging parts of
290~31  31~33  33~35 17.6~215 21.5AEzsj5 255~204  OPPOSING color coordinates to
VF [V] @ v [Im .
CRI (R2) . create an average which falls on
100.0% -
o D 0425 the black body curve.
= 66;9% MIN | 80.7 0415
5 600 ' BBC
: | > 0405 LED1
g 30.1% 0395 W
200 “7 0.385
1.3% 1.7% ’ LED2
00 b= imn o 0375
80 81 82 83 84 85 86 87 88 89 90 0.430 0.450 0470
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LED Boards and Modules

An LED module consists of one or more LEDs electrically connected
and mounted on a heatsink (which can be the fixture). Sometimes a
PCB (Printed Circuit Board) Is used.

Circuit Boards:

PCBs are used with discrete LED packages to
arrange the components electrically. FR-4 (glass-
epoxy) and Metal Core (aluminum with dielectric)
are common materials used.

Ensure good attachment of Color Coding:
LEDs to heatsink/fixture for Typically the LED positive(+) is a RED wire
performance and lifetime. And the negative(-) is a BLACK/BLUE wire

LEDs can be easily damaged during the mounting process

- ; . ) © 2018 Eaton. All rights reserved. 13
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Light Engine

LEDs can be arranged in many ways to achieve design voltage
and current configurations. They can be wired in series, parallel,
or a combination of series/parallel.

Series Parallel Combination
| + e
+ ©
Y | |
Y | p| p| p | o
A A
- ¢ Y Y
: @ A P |
- ©
- © Levels of complexity ‘

L There are advantages and disadvantages of each configuration
al~IW

2018 E . All righ .
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Types of LEDs

High Power Discrete

Advantages:
Design flexibility r -

Large supply base \ /
[ \

Disadvantages:
Pixilation
Cost

Mid Power Discrete

Advantages:
Design flexibility
Largest supply base
Lowest Cost

Disadvantages:
Optically complex

E-T-N
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Chip on Board (COB)

Advantages: -
Easy to use optically v
High lumen density -

Cost \_)‘

Flexibility ==

Disadvantages:
Lower LM-80

Chip Scale Package (CSP)

Advantages:

Design flexibility

Cost improving

Easy array (color tuning)

Disadvantages:
Five sided emitter
Cross talk

© 2018 Eaton. All rights reserved.
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Life Rating of Light Source

Note regarding life ratings:
A Life for HID is calculated when 50% of lamps are burned out
A Life for LED is calculated via IESNA-ZM limits life claim to
6 x the number of hours tested. Typical69,000hours. Life
IS then given as the lumen depreciation estimated at that life
number.
For examplely,60is 90% lumen depreciation
at 60,000 hours.

- © 2018 Eaton. All rights reserved
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IESNA LM-80 Test Report on the Philips Lumileds Luxeon TX LED

Luminous flux depreciation
information

Normalized Flux Statistics for If = 1000mA (L1T2-4070000000000)
Ohrs 24hrs 168hrs 500hrs 1000hrs 2000hrs 3000hrs 4000hrs EDI]Ehrs?I]{](]hrs 8000hrs 9000hrs 10000hrs  alpha

DATASET 59 median= 1.0000 0.9956 1.0010 1.0154 1.0268 1.0369 1.0405 1.0387 1.0293 1.0211 10139 10161 1.0219 1.0156

Ts=Tair=105°C average = 1.0000 09955 1.000& 1.0158 1.0268 1.0365 1.0368 1.0361 1.0302 10479 10111 1.0168 1.0214 1.0166 1.4576e-06 1.0302 265,099
stdev= 0.0000 00028 000382 00060 00056 00079 00098 00123 00154 00179 00154 00154 00147 00148 TM-21 L70010K) = 60,0000rs
min= 1.0000 09909 09922 10069 10172 10199 1.0162 1.0073 1.0032 09733 09747 09842 09902 09808
max= 1.0000 1.0025 10106 1.0335 1.0419 1.0505 1.0521 10544 1.0560 1.0454 1.0355 1.0441 1.0455 1.0365

DATASET 60 median= 1.0000 0.9935 09909 1.0138 1.0153 1.0147 1.0157 1.0107 1.0119 1.0093 10057 1.0105 1.0087 1.0072

Ts=Tair=85"C average = 1.0000 09927 0989 1.0136 1.0144 1.0138 1.0145 1.0104 1.0112 1.0095 10035 1.0096 1.0081 1.0063 6951907 1.0136 532,523
stdev= 0.0000 00032 00055 00064 00054 00065 00058 00067 00067 00081 00088 00099 00094 00106 TM-21L70010K) = 60,0000rs
min= 1.0000 09815 09697 09946 09968 09933 09966 09903 09933 09839 09855 09358 09864 09828
max= 1.0000 09973 09971 1.0296 1.0205 1.0210 1.0213 10211 1.0252 1.0272 1.0251 1.0302 1.0292 1.0272

DATASET 61 median= 1.0000 09951 09924 1.0121 1.0137 1.0117 1.0112 10102 1.0063 1.0056 10015 1.0026 1.0029 1.0016

Ts=Tair=55"C average = 1.0000 09947 09909 10118 1.0109 1.0103 1.0103 1.0087 1.0036 1.0035 009935 1.0007 09993 09994 8§5027e-07 1.0073 428,057
stdev= 0.0000 00029 00066 00093 00089 00107 00115 00114 00108 00121 00124 00127 00125 00135 TM-21 L70010K) = 60,000hrs
min= 1.0000 09853 096932 09893 09860 09838 09822 09310 09771 09758 09700 09719 09709 09692
max= 1.0000 0.9982 09967 1.0318 1.0219 1.0281 1.0251 10222 1.0155 1.0183 1.0136 1.0164 1.0146 1.0M57

After 10,000 hours of testing the Luxeon Tx LED has actually increased at the 85°C and
105°C temperatures with only a .0006 decrease at 55°C

The unparalleled lumen maintenance of the Luxeon TX leads to superior maintained
light levels even after 85,000 hours of operation.

E-T-N
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IESNA LM-80 Test Report on the Philips Lumileds Luxeon TX LED

Color or kelvin temperature shift
information

Delta u'v" for If = 1000mA (L1T2-4070000000000)

Ohrs  24hrs 168hrs 500hrs 1000hrs 2000hrs 3000hrs 4000hrs 5000hrs 6000hrs 7000hrs 8000hrs 9000hrs 10000hrs

DATASET 59 median= 0.0000 0.0002 0.0002 00004 00002 00006 00007 00009 00011 00009 00024 00031 00031 00029
Ts=Tair=105"C average = 0.0000 0.0002 0.0002 00004 00004 00007 0.0002 00010 OOO011 00009 00025 00031 00031 00029
stdev= 0.0000 00001 00001 00002 00002 O0OO004 00004 00004 00004 00004 00005 00004 00004 00004

min=  0.0000 00001 00000 00001 O0O0O01 OO001 00002 00004 O0O004 00001 0006 00022 00022  0.0020

max= 0.0000 0.0004 0.0005 00008 O.0QO008 00017 00018 00018 00018 00019 00035 00042 00041 00040

DATASET 60 median= 0.0000 0.0004 0.0003 00004 00004 00005 00005 00005 00005 0.0006 00006 000005 00005 00003
Ts=Tair=85°C average = 0.0000 0.0004 00003 00005 00005 00005 00005 00005 OO005 00005 00005 00004 00004 00004
stdev= 0.0000 00001 00001 00003 00003 OOO002 00002 00002 OO002 00002 00003 00002 00002 00003

min=  0.0000 00001 00001 00001 0O00O01 OO000 00001 00001 00000 0.0001 00001 00000 00000 0.0000

max= 0.0000 00005 0.0005 0.0010 00010 0.000% 00009 00009 00008 OOO008 00000 00008 00008 00008

DATASET 61 median= 0.0000 0.0002 0.0005 00007 00010 0O0010 00009 00007 00002 00009 00011 00010 00009 00010
Ts=Tair=55°C average = 0.0000 0.0003 0.0005 000OY 00009 0000 00008 00006 OOO0OF 00008 00009 OQU0OOO8 00007 00008
stdev= 0.0000 00001 00001 00002 00003 O0O004 00004 00003 OO002 00004 00004 00004 00003 00004

min=  0.0000 00002 00001 00001 00002 OO001 00001 00001 00001 00000 00001 00000 O0.0001 00001

max=  0.0000 00004 0.00OYF 00010 00013 00013 00013 00010 00011 00012 000132 00012 00011 00012

In-situ case operating temperature of 86°C the NVN LED at 25C ambient at 86°C shows
minimal color shift over the 10,000 hour test period.

E-T-N
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TM-21-11

A LM-80 -- only an LED testing standard

A IES TM-21-11 -- mathematical framework for LM-80 data and making
useful LED lifetime projections

Key points of TM-21:

A Developed by major LED suppliers with support of NIST, PNNL
Projection limited to 6x the available LM-80 data set
Projection algorithm: least squares fit to the data set

L0, Lgos Lgg: Ly Projections easily possible

o Io o I»

Nomenclature: L (Yk)where p is Lumen Maintenance percentage and Y
IS length of LM-80 data set in thousands of hours ie: Lg;(10Kk)

F:T-N
- © 2018 Eaton. All rights reserved.
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TM-21 7T Use the latest data

gl niti al data var.l
difficult for models to evaluate (0-1000 hr)

U Later data exhibits more characteristic
decay curve of interest

ANon-chip decay (encapsulant, etc.) occurs
early and with varying effects on decay curve

A Later decay is chip-driven and relatively
consistent with exponential curve

A Verification with long duration data sets
(>10,000 hr) shows better model to reality
fit with last 5,000 hours of 10,000 hour data

U For 6,000 hours of data (LM-80 minimum)
and up to 10,000 hours: Use last 5,000 hours

U For > 10,000 hours: Use the last 2 of the
collected data

E-T-N
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1.1

1.08 -
1.06 A
1.04 +

Relative lumen maintenance
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0.98 A
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0.9
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0.85
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5000 10000
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Thermal report to confirm driver TC and COB operating temperature at 40°C
ambient

B6.6095 "C

# Location Meas. | Norm | Lim. -
1 | DRIVER Tc 64.74 |65 a0 bt
4 | LED 1 CATHODE 7275 |73 105 l
39.9447 *C
5 | LED 2 CATHODE 68.94 |e9 105
40 | Ambient 38.98 |40 40
Electrical Data Volts Amps Watts Test Time Start Stop Duration
Initial 119.60 1.10 130.50 Date 2017-03-17 2017-03-17
Final 119.70 1.05 125.90 Time 3:22:20 PM 10:52:23 PM 7.50

Test Station: 03 Test duration (Hours:Minutes) 7:30 voltage type AC

The above thermal report was performed at 120V in a 40C (104F) ambient
environment for 7 hours and 30 minutes. The hottest running COB will be used in

the TM-21 calculator.

E.-T-N
- © 2015 Eaton, All Rights Reserved
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Excellent lumen maintenance at both 25C and 40C (93% at 60,000 hours at 40C)

Yellow fields are completed by the
user. Fields not used should be left
blank. Cyan fields are calculated
based on user entries.

First, enter a description of the LED
light source tested. Then complete the
fields labeled "LM-80 Testing Details".
Test durafion must be at least 6,000
hours. If only one case temperature
data set is to be used (no
interpolation), complete only "Tested
case temperature 17. For only two
case temperature data sets, complete
1and 2.

Mext, further to the right, in the
correzponding boxies) for each tested
case temperature, enter the test data
along with the time (in hours) at which
each measurement was taken. Data
enterad must be normalized then
averaged measured data (per TM-21
sections 5.2 1 and 52 2).

Enter drive curment, in-sifv temperature
data and the percentage of initial
lumens to project to in the fislds
labeled "In-Siu Inputs”.

Results can be tailored to estimate
lumen maintenance at a specific time
by entering a value (1) in the yellow
field.

A complete TM-21 report will appear
on the next tab labeled "Report”.

Description of LED Light Source Tested

(manufacturer, model, catalog number)
Two Citizen CLLO42-1818 in Verdeon (grey heat sinkireflector), 40C
ambient environment

Mumber of failures:

Number of units measured:

Test duration (hours):

Tested drive current (ma):

Tested case temperature 1 (T, “C):
Tested case temperature 2 (T, "C):
Tested case temperature 3 (T, "C):

Tatal numiber of units tested per case temperature:

In-Situ Inputs

Drive current for each

{hours):
Lumen maintenance at time (t) (%)

Caleulated L70 (hours):
Reported L70 (houwrs):

E-T-N
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LED packagefarrayimodule () 1L
in-sity case temperature (T, °C): 84
Percentage of initial lumens to project to (e.g. for 70
Loy, enter 70):

Results
Time (t) at which to estimate lumen maintenance 60,000

TM-21 Inputs

LM-80 Test Inputs

Test Data for 55°C Case Teﬂ[)ﬂahrﬁﬁ"ﬂ(:ase Test Data for 105°C Case
Temperature Temperature

Time: Lumen Maintenance Lumen Maintenance Lumen Maintenance
(hours) (%) I[hc'urs} (%) {hous} (%)

0 -100.00% [1] 100.00% 0 100.00%
1000 99 80% 1000 99 70% 1000 o7 70%
2000 99 00% 2000 98 20% 2000 o7 20%
3000 93 80% 3000 a7 90% 3000 o7 .30%
4000 93.30% 4000 97.90% 4000 97 20%
5000 93 50% 5000 98 10% 5000 95 60%
B000 98 20% 6000 o7 90% B000 05 80%
7000 93 00% 7000 97 50% 7000 95 10%

22
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Energy Star TM-21 Report

TM-21 Report

Description of LED Light Source Tested

Table 1: Report at each LM-80 Test Condition

(manufacturer, model,
catalog number)

Test Condition 1 -5 5

Sample size
Number of failures

DUT drive current used

in the test (mA)

Test duration (hours)

Test duration used for
projection (hour to hour)

Tested case

temperature

U
B

Calculated L70(10k)

(hours)
Reported L70(10k)
(hours)

C Case
25
0

1000

10,000

5,000 -
10,000

55

8.528E-07
1.007

427,000

>60000

E-T-N
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LumiLeds Rebel ES

TresnQondition 2 -8 5

Sample size
Number of failures

DUT drive current used

in the test (mA)

Test duration (hours)

Test duration used for
projection (hour to hour)

Tested case

temperatur e

U
B

Calculated L70(10Kk)

(hours)
Reported L70(10k)
(hours)

C Case Test@pnditon3-105 C Cas

25 Sample size 25
0 Number of failures 0
DUT drive current used
i in the test (mA) {00
10,000 Test duration (hours) 10,000
5,000 - Test duration used for 5,000 -
10,000 projection (hour to hour) 10,000
85 Tested case 105
temperature
6.966E-07 U] 1.444E-06
1.014 B 1.030
531,000 Calculated L70(10Kk) 268,000
(hours)
>60000 Reported L70(10k) >60000
(hours)

© 2018 Eaton. All rights reserved.

Table 2: Interpolation Report

(projection based on in-situ temperature entered)

Tsa( C)
Ts1 (K)

Ea/kp

A
Bo

Tsi( C)

Ts,i (K)

U

Projected
L70(10k)
(hours)
Reported
L70(10k)
(hours)

55.00
328.15

8.528E-07
1.007
85.00

358.15
6.966E-07

1.014

-7.93E+02

7.617E-08
1.010

74.00

347.15
7.472E-07

491,000

>60000

23



Superior thermal management results in long life

PHILIPS
ADVANCE

LED Driver

Xitanium

Powering Business Worldwide

Driver Lifetime vs. Driver Case Temperature:

Lifetime vs. Tcase

120

100

80 T

60

Life (kHours)

40 —m At ——rAd—

20 T
25

30 35 40 45 50 55 60 a5 70 75 80 85
Tcase (°C)

UFLD-C40 Driver TC = 65C per 40C thermal report. BE

The above driver data sheet indicates that the driver lifetime
is 100,000 hours with a Tcase operating temperature of 72C
or lower. The UFLD-C40 thermal report had a Tcase
temperature of 65°C when operating in a 40°C ambient
environment.

© 2015 Eaton, All Rights Reserved 24




Superior thermal management results in long life

GENERAL INFORMATION

Item Number

79369

Type

Constant Current

Output Power

100W (Max.)

Programming tool

51645; Software

Programmable features

Qutput current
Dimming level
LED thermal protection

AstroDIM
LEDSet Gen2

Constant Lumen output
End of life indicator

E-T-N

Powering Business Warldwide

LIFETIME VS CASE TEMPERATURE

120

100

80 -~

60 -~

Life time (kHrs)

40

20

0 l l ; ; .
30 40 50 60 70 80 90
Case Temperature (°C)

The above driver data sheet indicates that the driver lifetime
is 100,000 hours with a Tcase operating temperature of 75C
or lower. The UFLD-C40 thermal report had a Tcase
temperature of 75°C when operating in a 50°C ambient
environment.

© 2015 Eaton, All Rights Reserved
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Absolute and Relative Photometry

Absolute Photometry Relative Photometry
A LED luminaires LM-79-08 U Barelamps measured
separately.

A Lamps integral to luminaire A Seasoned (aged) lamps

A Output stabilization

A~ No lamp seasoning, A Raw output measured

calibrated to lamp of known

output U Luminaire test
A Same lamps and ballast
A Actual lumen output A Identical electrical and thermal
measured characteristics
A Results scaled to initial rated lamp
A Unique results for each lumens
product i Same results with

different lamps

)
|_{\

¥

© 2018 Eaton. All rights reserved. 26




Photometric Testing per IES LM-79-08

Electrical and Photometric Measurements of Solid-
State Lighting Products

I Luminaire based absolute photometry
A Total Luminous Flux
Luminous Intensity Distribution
Electrical Power
Luminous Efficacy (LPW - calculated)
Color Characteristics
Chromaticity
CCT
CRI

To o To T To Do Do

6=180° Integrating
Sphere
SSL

) product

E.-T-N
- © 2018 Eaton. All rights reserved.
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Measuring Luminaire Performance

Goniophotometer

An apparatus for measuring
the directional light
distribution characteristics of
light sources, luminaires,
media, and surfaces.

PLAN VIEW "%, Luminaire

/ \
! \
! \
1 X
] 1
1 Q@)
Vo PN/
1
]
1
I
I

Mirror




Absolute IES file Information from Goniophotometer

Coopar LighSmg

Phctomstrio Lab

1121 HWY 74 South

Paaohires City, B 30288
PHOTOMETRIZ TEST REPORT
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National Voluntary Laboratory Accreditation
Program - NVLAP

UNITED STATES DEPARTMENT OF COMMERCE
Natlonal Institute of Standards and Technology
Gaitheraburg, Maryiang 20880

The National Voluntary _.rf;gj\
Laboratory Accreditation L/
Program (NVLAP) May 3, 2013

provides third-party accreditation

to testing and calibration %:??cﬁ%u:né%s?:uuwm
laboratories. '

Peachiree City, G 30265

NVLAF Lak Code: 2000400
Drear Mir. Rubala:

I g pliesid 12 inform you that continuing nccreditation for specific test methods in Emmrgy EMicient

NVLAP operates an accreditation i e AP ot b e
systemn that is compliant with T S e e e A2
ISO/IEC 17011, Conformity Vo g s amets e ey oo 00 o't s
assessment — General b i, Ao s e i o i
requirements for accreditation i;?mmm Mmmwmm -
bodies accrediting conformity Bt Rl P g’ b e oo, el e of

Standarcs and Technedogy, 100 Buresu D, Stop 2140, Gaithersburg, MD 3088921 40; (301)
OTEADLE,

assessment bodies, which requires
that the competence of applicant Sicerey,
laboratories be assessed by the U 0 ALl
accreditation body against all of S v
the requirements of ISO/IEC Foslsurts)
17025, General requirements for

the competence of testing and

calibration laboratories. NVIAG  woms: wanepr e cmmnioomse N JIGST"

F:T-N
= © 2018 Eaton. All rights reserved.
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Thermal Test Information

At right is a sample
thermal test report on an
outdoor LED luminaire.
Note readings are taken

on many parts of the
luminaire including the

LED case, driver and

surge module.

E-T-N

Powering Business Worldwide

Description RAW Adj. 3Hr Up

1 |L-SQR (1) LED SLUG 954 =1 0 0

2 |L-SQR (1) OPTIC 863 85 0| o

3 |[L-SQR (1) GASKET 79.8 73 0 0

4 |L-SCQR (1) WIRE GROMMET 854 84 0 0

5 |L-SQR (1) LINE LEAD (INSIDE) 869 as 0 0

& |L-SQR (1) SOLDER FPAD 883 ar 0 0

7 |L-8QR (2) LED SLUG Ly 90 0 0

8 [L-SQR(2)0PTIC T0.9 69 0 0

g |[L-SQR (2) GASKET T70.8 69 0 0

10 |L-SQR (2) WIRE GROMMET 724 m 0 0

11 |L-SQR (2) LINE LEAD (INSIDE) 7.2 69 0 0
—12 |L-3QR (2) SOLDER PAD 721 7o 0 0
13 |ADVAMNCE LED Driver Center (not required 7.1 [] 0 0

14 |ADVAMCE DRIVER Case marked HOTSPOT 67.9 66 0 0
|15 |ADVANCE DRIVER - 0.5 in from INPUT 727 m 0 0
16 |ADVANCE DRIVER - 0.5 in from QUTPUT 1.1 69 0 0

17 |SURGE PROTECTOR (TOF) 65.9 B4 0 0

18 |SURGE PROTECTOR (SIDE-1) 68.4 67 0 0

19 |GASKET - SIDE M3 50 0 0

20 |WIRE CONNECTOR 69.7 68 0 0

21 |QUICK DISCONNECT WIRING HARNESS 739 72 0 0
22 |GASKET - DOOR LR 57 0 0

23 |TERMINAL BLOCK 66.8 65 0 0

24 [MOTION / WIRELESS SENSOR (INSIDE) 483 47 0 0

€| 25 |MOTION / WIRELESS SENSOR (GASKET) LTy 56 0 0

© 2018 Eaton. All rights reserved.
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UV testing on Polycarbonate Plaques

Note: Proper installation of the Navion luminaire will not expose the optical square to direct sunlight.

Background i Polycarbonate is a resilient material that can be used for optical elements in
outdoor lighting products. An undesirable aspect of this material is that it will become yellow
and lose light transmission over time when exposed to ultraviolet radiation. To minimize
this effect the light square polycarbonate material was infused with an ultraviolet inhibitor.

Purpose i To provide a summary of measurements on the polycarbonate plagues (used
on the light square products) that have been exposed to high intensity ultraviolet radiation.

Test T Five plaques were selected for testing with one plaque being untreated and four
infused with the UV stabilizer. Each plaque as cut in half so that one half of each plaque
could be placed in the UV chamber while the other half could be retained as a control sample.
The UV chamber emitted radiation in the wavelength between 300 and 340 nanometers and
also cycled through heat, humidity and water exposure to simulate real world conditions.

Total lumen output and color characteristics were recorder for each of the samples in an
integrating sphere calibrated and maintained under NVLAP accredited program and in
conformance with IESNA standards of photometric testing.

Results 1 After more than 6,000 hours of exposure to high intensity UV radiation the
transmittance of the untreated plaque was reduced from 90.4% to 79.2% with a color shift of
600 degrees kelvin. The treated samples showed no reduction in transmittance and less
than 1% shift in kelvin temperature (consistent with the LED LM-80 DUV). This test would
equal 8.2 years of direct sunlight exposure at 12 hours per day.

F:T-N
- © 2018 Eaton. All rights reserved.
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UV stabilizers greatly reduce the rate of yellowing on plastic materials

Accelerated Weathering - Yellowness Index (SAE J2527)

18.00

16.00
14.00
12.00 /

10.00 — Control R
8.00 / — UV Treated L
6.00 /

4.00

2.00 //
0.00 S

0 1000 2000 3000 4000 5000 6000

Joules

Yellowness Index

E-T-N
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Optical Control Advantage Over External Shields

A
=y

Stregt Stree |\ | Street/| /
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Type 2 Short , 7928 Type 2 Short with an external Type 2 Medium mirror imbedded

lumens, 78 lumens shield, 6090 lumens, 60 optics, 7523 lumens, 105 lumens
per watt, with light lumens per watt, light per watt with light evenly
more than 406 ebldailcierdd t o 206 dbeshpierds etdh el 06 t o
the pole. pole. pole for sidewalk illumination.

External shields can reduce luminaire efficiency by as much as 23%.
precision optics maintain luminaire efficiency by re-directing the light
E-T-N evenly along the roadway.

2018 Eaton. All rights reserved.
Powering Business Worldwide © g 35



VERD Optics

Distribution Pattern Compariso
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ARCH Optics

Distribution Pattern Comparison
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External Shields

© 2018 Eaton. All rights reserved. 38
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Why you should not specify by lumens per watt
Same source, same ballast, different performance

150 WATTS 150 WATTS

@ -

250
85 Lumens per Watt 67 Lumens per Watt
0.46 Average llluminance 0.93 Average llluminance
Why the Al umens per watt methodo of calculating | ic¢c

equate to energy efficiency.

Although the luminaire on the left is 27% higher in fixture LPW, it produces less than half the
average illumination on the ground
To give the same illumination as the lower LPW fixtures, over twice as many of the higher
LPW fixtures would be needed, resulting in a net energy increase of 102%

E-T-N

2018 E . All righ .
Powering Business Worldwide © 2018 Eaton rights reserved 39



Where is the light going?

Three dimension rendering of light distributions and relative foot-candles on ground
High LWP post top on left, lower LPW shoebox on right
F:T-N

Powering Business Warldwide

© 2018 Eaton. All rights reserved.
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Luminaire Dirt Depreciation

Dirt, dust, dead bugs and
water collect inside this
HID luminaire lens in

Boston, MA

How much light

Is really passing
through the lens?

luminaire dirt depreciation factor, LDD the multiplier to be used in lighting calculations to reduce
the initial light level provided by clean, new luminaires to the light level that they will provide due to

dirt collection on the luminaires at the time at which it is anticipated that cleaning procedures will be
instituted.

E-T-N

Powering Business Worldwide
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HIDbLED Equi val ency

HID

OVX Type 3 distribution

250W HPS Lamp
(300 ballast watts)

28,000 lumens

70% Total Downward Luminaire Efficiency
19,600 lumens

Street Side Lumens (52.7%)
10,329 lumens

0.81 LLF 8,366 lumens

E-T-N

Powering Business Worldwide

VS. LED

XNV2 Type 3 distribution (new LED)

110W LED @ 1A 10,567 lumens

100% Total Downward Luminaire Efficiency
10,566 lumens

Street Side Lumens (82%)

8,660 lumens

0.91 LLF 7,880 lumens

© 2018 Eaton. All rights reserved. 42



XNV2 type 2 700mA drive current vs OVH 150 watt HPS Type 3

280

roadway, 160

set back,

306 mounting h

\ J

Purpleiso =.1 FC

E-T-N

Powering Business Warldwide

Green Iso = .5 FC

© 2018 Eaton. All rights reserved.

o

> P > |

XNV2-AC-02-2-700

76 watts, 7,588 initial delivered
lumens, 6,458 downward street

_side lumens
.864 Light Loss Factor (60,000

hrs.)

~.74 average, .17 minimum, 1.77

maximum, 4.35 to 1 ave/min.
Rear spil | | i ght
l T ght 3460

Max Lv Ratio .29 on R3 pavement

N OVH15S2D
138 watts, 11,706 initial delivered

—~fumens, 8,272 downward street

side lumens

.81 Light Loss Factor (12,000
hrs)

1.14 average, .10 minimum, 4.16
maximum, 11.40 to 1 ave/min.
Rear spil |l | i ght
l ight 316

Max Lv Ratio .40 on R3 pavement

43



Twin and Triple 1000 watt MH (1085 x 3= 3255 watts)

E-T-N

Powering Business Warldwide
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Twin 213 watt Navions (618 watts)

E-T-N

Powering Business Warldwide

© 2018 Eaton. All rights reserved.
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3000K vs 4000K Correlated Color Temperature
Color Preference and Visibility

Comparative Kelvin Color Temperature Chart

Existing Lights n n
(To be replaced with LED) Picture A Picture B

I»Jon( ooo oﬂ 4.0 sm«ooﬂ YM’!O

Existing 2200 Kelvin HPS 3000 Kelvin 4000 Kelvin

E-T-N

2018 Eaton. All rights reserved.
Powering Business Worldwide © 2018 Eato ghts reserved
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IESNA Distribution types

Same distributions for traditional technologies and LED

1N
EF:1.
Powering B

2018 E . All righ .
ring Business Worldwide © 2018 Eaton rights reserved 48



Source (Lamp) Versus Delivered Lumens

A Source= Lamp Lumens A Delivered= Lumens that

from the source. are controlled and
distributed from the
luminaire. LED Fixtures
publish Delivered
Lumens

A Example 100W HPS
Lamp emits 9500
Source Lumens

< Source Source >

< Delivered ;

© 2018 Eaton. All rights reserved. 49
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LED Replacement Product Methodology

HID
ﬁ .

Typical Type 3 Distribution

250W HPS Lamp 28,000 lumens
(300 ballast watts)

70% Total Downward
Luminaire Efficiency 19,600 lumens

Street Side Lumens

(52.7%) 10,329 lumens

10,329 X 0.81 LLF = 8,366 lumens

VS.

LED Type 3 Distribution
155 watt LED 19,000 lumens

100% Total Downward

Luminaire Efficiency 19,000 lumens

Street Side Lumens
(77.5%)

14,725 X 0.81 LLF =

14,725 lumens

11,927 lumens

48% Less Energy and 30% More Maintained Street
Side Lumens

1N
EF:1.
Powering B

ring Business Worldwide
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= 250W HPS vs.140W LED
VERD 19000 Lumens

COOPER Lighting COOPER Lighting

Pholomelric Toolbox Pholomelric Toolbox

I
6 00 606
1 1
.2_\ 2 N
O | ()
5 C ‘ s C
s @ ! I/f O ".l
]
'|| [ \
1 / Q1
i ) || |/ : |
| | | [E) ‘
1 | \ 1 |
| ]
|f ) c |
™~ .'f ( |
2| \ @ |/
\_DC:)/I QO:/
GE LIGHTING SOLUTIONS Horizontal Footcandles EATON - STREETWORKS (FORMER COOPER Horizontal Footcandles
www.gelightingsolutions.com Scale: 1 Inch = 60 Ft. LIGHTING) Scale: 1 Inch = 50 Ft.
M2RR255___ GMS3 Light Loss Factor = 1.00 VERD-G-C02H-D-U-T3 Light Loss Factor = 1.00
M-250R2 Lumens Per Lamp = 27500 VERDEON-G ROADWAY AND AREA LUMINAIRE Lumens Per Lamp = N.A. (absolute photometry)
1; 250W HPS, CLEAR ED18, HORZ Total Lamp Lumens = 27500 (2) 70 CRI, 4000K, 1370mA LEDS AND TYPE Ill OPTICS Luminaire Lumens = 19080
Mounting Height = 30.00 Ft Mounting Height = 25.00 Ft
Maximum Calculated Value = 5.64 Fc Maximum Calculated Value = 5.31 Fc

Arrangement: Single Arrangement: Single



WaveStreamE optical technology bl
LED light source from the observer while extracting the maximum
amount of light on task.

Optical
technology with
unparalleled
combination of
visual comfort
and

Patented AccuAim™ optics p erfo rmance.

Precisely controlled light output S—

WaveStream™ LED
Taking Control of Light.

F:T-N
- © 2018 Eaton. All rights reserved.
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How do we achi eve
We create unique experiences

N Timprove the quality of life and the environment through
the use of power management technologiesands er vi c e

1N
EF:1.
Powering Bl

) ; © 2018 Eaton. All rights reserved. 53
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Class 2 LED Driver

PHILIPS LED
luminaires
ADVANCE _
UL Class 2 with Class
» UL Class 2 rating represents compliance with standard ULI310 2 drivers
can use an
» UL Class 2 rating means output is considered safe to contact and no major ac ryIiC
safety protection is required at LED/luminaire level lens

» UL Class 2 has the following electrical restrictions:
= Maximum output current: 5Adc
= Maximum output voltage: 60Vdc (dry); 30Vdc (damp/wet)
= Maximum output power: [00W

» Any LED Driver used for Signage applications must be listed in the UL Sign
Components Manual

» As component of an LED system, an LED Driver is not listed but
recognized by UL (/M)

)(IT%I':]ILEIM

Solid State Lighting Morth Amerlca, June 2009 LED Iv R 5

F:T-N
- © 2018 Eaton. All rights reserved.
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Class 1 LED Driver

PHILIPS i Class 1 LED
UL Class 1 apvance |luminaires will
have a glass or

polycarbonate
* LED Drivers with output outside the range required by ULI1310 (Class 2) lens
need to comply with standard ULI012

* Under this standard, LED Drivers are considered UL Class | devices

* An LED Driver with UL Class | rating means its output is considered “high
voltage™ and safety protection is required within the fixture

* Fluorescent and HID ballast fall under this category

» Also as a component of an LED system, an Class | LED Driver is not listed
but recognized by UL ( /)

)(ITAI:]ILEI

Solid State Lighting Morth America, June 2009 LETD o

E-T-N

2018 Eaton. All rights reserved.
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Driver Replacement Rate

5.0%
4.5%
4.0%
3.5%
3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
0.0%

PHILIPS

Driver Field Replacement Rate LEDINTAIIS0CIA0DOM

Brand Name | XITANIUM

Description XITANIUM 150W |.05A 0-10V INT

Input Voltage | 120~277

Electrical Specifications Input Frequency [ 50/60Hz
RoHS | Yes
Status | Active
Failure Rate Info:
1. <0.01% per 1 kHr @<= Tcase 80 C
H Tunnel
Lifetime vs. Tcase of Driver:
m Roadway o
Lifetime vs Tcase
110
100 \

&0 \

(=]

N\

Year 1-5 Year 6-10 Year 11-15

Life (kHours)
88 3

A Driver wearout data based on Detroit environmental

|/

conditions P % % 4w 4 % s o 6 7w 75 @ 8
A Tunnel - 24 hr/day; roadway - 12 hr/day N Tl e
A Years 1-5 only - expect <0.5% additional random failures o o R oo eatte
ustomer SupponTochnical Sonics 8003723331 - OEM Suppor. 506.015-5666
Eaton has extensive test data to support field performance expectations
-
E.T N © 2018 Eaton. All rights reserved. 56
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Cool running drivers last longer.

PHILIPS

ADVANCE LED-INTA-0024V-41-F-O

Brand Name | XITANIUM

Description | 100W 24V 4.1A

Input Voltage | 120~277

Input Frequency | 50/60Hz

RoHS | Yes

Status | Active

Installation & Application Notes:

Section | — Physical Characteristics

I.1
l.2

LED Driver shall be installed inside an electrical enclosure
Wiring inside electrical enclosure shall comply with 600V/105°C rating or higher.

Section Il — Performance

2.1

Driver T case j‘;'

temperature 2.4
will affect >
longevity. 2.7

2.8
2.9
2.10
2.11
2.12
2.13

E.T'nNn

Powering Business Worldwide

LED Driver is UL Class 2 power unit as per ULI310. It is also listed in the UL Sign Accessory Manual (UL
SAM).

LED Driver has Class A sound rating.

LED Driver has a minimum operating ambient temperature of -40°C.,

LED Driver has a life expectancy of 50,000 hours at Tcase of = 80°C.

LED Driver has a life expectancy of 100,000 hours at Tcase of = 70°C.

LED Driver has a typical self rise of 20°C at maximum load in open air without heat sink.

LED Driver is certified by UL for use in a dry or damp location {Qutdoor Type l).

LED Driver tolerates sustained open circuit and short circuit output conditions without damage,

LED Driver maximum allowable case temperature is 90°C — see product label for measurement location.
LED Driver reduces output power to LEDs if maximum allowable case temperature is exceeded,

LED Driver has a failure rate of = 0.01% per 1,000 hours.

LED Driver complies with FCC rules and regulations, as per Title 47 CFR Part 15 Non-Consumer (Class A).
LED Driver conforms to EN&1558-1, EN 61558-2-17 and EN &600&5,

© 2018 Eaton. All rights reserved. 57



Surge Sources

108

Z 104
c

E%’D 102 |

1 |

SERELRE s

Switching Surge

Noise

| | | . | |
10° 104 10° 108 107 108

Frequency (Hz)

E-T-N
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Protection Levels

Updates to C136.2-2015: Tables 1 and 7-2

TABLE 7-2
1.2/50uS - 8/20 uS COMBINATION WAVE TEST SPECIFICATION
Parameter Test Level / Configuration
1.2/50 uS Open Circuit Voltage Peak | Typical: 6 kV Enhanced: 10kV Extreme: 20kV
8/20 uS Short Circuit Current Peak Typical: 3 kA Enhanced: 5kA Extreme: 10kA
Coupling Modes L1to PE,L2to PE, L1to L2, L1+L2to PE
Polarity and Phase Angle Positive at 90° and Negative at 270°
Consecutive Test Strikes 5 for each Coupling Mode and Polarity/Phase Angle combination
Time Between Strikes 1 minute between consecutive strikes
Total Number of Strikes = 5 strikes x 4 coupling modes x 2 polarity/phase angles
= 40 total strikes

Note: L1 is typically “HOT", L2 is typically “NEUTRAL" and PE = Protective Earth.

Table 1
Recommended electrical transient immunity levels for common outdoor lighting applications
Electrical transient immunity level
Lighting appilcation Typical Enhanced Extreme
Building entrance, building exterior X
Parking garage, parking lot, tunnel X X
Street, roadway, stadium, airport X X X

Table 1 provides guidance on the level to choose from Table 7-2 for various

applications

E-T-N
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Standard Cross Reference

Combination Wave Testing

Category Name C Low C Medium C High
ANS| C82.77-5-2015 Surge Level - 8x20us BkV / 3kA 10kV / SkA 20kV / 10kA
(L1to PE,L2to PE,L1to L2, L1 & L2 to PE)
# of Hits 40 40 40
Category Name Typical Enhanced Extreme
ANS| C136.2 — 2015 Surge Level - 8x20us 6kV / 3kA 10kV / SkA 20kV / 10kA
(L1to PE,L2to PE,L1to L2, L1 & L2 to PE)
# of Hits 40 40 40
Category Name C Low - C High
*
IEEE C62.41.2 Surge Level - 8x20us ekV / 3kA - 20kV / 10kA
(* - Does not define # of strikes)
# of Hits * - *

E-T-N

2013 E All Rights R
Powering Business Worldwide © 2013 Eaton, ights Reserved 60



Surge Protection is Essential for Driver Life

UL1449 3 Edition Safety Enhancements

« Safety standard
« UL 1449 — “UL Standard for Safety for Surge Protective Devices”

« UL 1449 3 Edition is now an ANSI standard

* Reviewed, voted on, and approved by a balanced group of technical advisors including
individuals from manufacturers, end-users and other interested parties

» Changes must be voted on by this technical advisory group
«  Duty Cycle Testing
* 15 impulses of the manufacturer selected nominal discharge current
* To pass:
SPD can not create a shock or fire hazard
Nothing in the surge path can open at any time during or after the test

* This test includes all internal or external supplementary protective devices or overcurrent
devices such as fuses or circuit breakers
* Intermediate Current Test (“Slow Cook Test")
+ L-L voltage place on the L-N mode
*  Current is limited to 1000A, 500A, 100A, and published SCCR
* Test run for 7 hours on each or until the until safely disconnects
* Added in addition to the Low Current Test from 2nd Edition

10 amps, 5 amps, 2.5 amps, 0.5 amps
Test run for 7 hours on each or until the until safely disconnects

Make sure the SPD meets UL1449

E-T-N

2018 Eaton. All rights reserved.
Powering Business Worldwide © 2018 Eato ghts reserved
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Surge Protection Device (SPD)Options

Street Light Electrical System Protection

A LED drivers offer only 6kV/3kA surge protection. Due to this low level of
protection roadway lighting product require a separate surge protection
device for luminaire longevity.

A Series wired SPDs will cut the power shutting off the luminaire to protect
all electrical components, parallel wired SPDs will allow the luminaire to
continue to operate.

A Both SPD options are wired off the terminal block to protect all upstream
components including the photo control and wireless control modules. T

A 20kV options available with LED indicator light to show failure of the SPD Example of Catastrophic Event
Metal Oxide Varistors (MOVs) saving time to troubleshoot.

SPD Options
A 10kV/5kA Parallel i 10MSP
A 20kV/10KA Parallel i 20MSP
A 10kV/5kA Seriesi 10K
A 20kV/10kA Series w/ or w/o LED indicator - 20K

E.-T-N
- © 2015 Eaton, All Rights Reserved
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10K or 20K (Series) vs. 10MSP or 20MSP MSP (Parallel)

What 6s Your

E-T-N

2018 Eaton. All rights reserved.
Powering Business Worldwide © 2018 Eato ghts reserved
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Surge Protection before Downstream Electronics

(Controls and Drivers)

Driver Power Supply

Driver Power Supply

SPD | PECR Photo Electric Control
Receptacle
PECR Photo Electric Control
Receptacle

SPD !

L G L2@N
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Surge Protector i What to Look For

Does not display a UL or CSA
marking; non-compliance with
Article 285.5

Does not describe short circuit
current rating; non-compliance
/ with Article 285.6

Does not incorporate fusing
such that SPD becomes
disconnected after MOV failure;
non-compliance with Article
285.27

May not be 14AWG Wires;
possible non-compliance with
Article 285.26

Insufficient protection will reduce fixture life.

F:T-N
- © 2018 Eaton. All rights reserved.

Powering Business Worldwide

65



