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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.  

• 1809 - Sir Humphrey Davey demonstrates electrical discharge 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.  

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

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

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

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

• 1938 - First commercial sale of the fluorescent lamp  

• 1957 - The quartz halogen lamp (A.K.A. tungsten halogen lamp) 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.  

• 1962 - First light emitting diode (LED)  

• 1966 - Commercial introduction of the high pressure sodium lamp  

• 1969 - A new form of metal halide lamp, the HMI lamp (mercury medium arc 
iodides) is introduced. The H stands for mercury (atomic symbol "Hg"), M is for 
Metals and the I is for halogen components (iodide, bromide). It provides a daylight 
type spectrum.  

http://upload.wikimedia.org/wikipedia/commons/8/8e/Germicidal_UV_discharge_tube_glow.jpg
http://upload.wikimedia.org/wikipedia/en/2/2b/Closeup_Metal_Halide_Lamp.jpg
http://en.wikipedia.org/wiki/File:MercuryVaporLamp.jpg
http://en.wikipedia.org/wiki/File:Na-light.jpg
http://upload.wikimedia.org/wikipedia/commons/9/91/SON-T_Master_600W.jpg
http://upload.wikimedia.org/wikipedia/commons/5/53/Oil_Lamp_Christian_Symbol.jpg
http://en.wikipedia.org/wiki/File:Candleburning.jpg
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LED vs Traditional Light Sources 

 No filaments like incandescent lamps. 

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

 No Mercury in the Light Source 

 Instant On, Full Color, 100% Light, dimming options       

 Promise of Long Life – Reduced Maintenance Costs 

Strengths 

Weakness 

 Higher initial cost compared to traditional light sources. 

 Electronic LED driver life can be drastically reduced if exposed 

to high heat levels. 

 Electronic LED drivers provide only a fraction of the surge 

protection that is offered by HID core and coil 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 

4 

 

 

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  
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Careful attention to polarity and current applied 
Reverse polarity or too much current can permanently damage an LED 

Characteristics: 
Polarized (Anode +)(Cathode -) 

Typical Voltage ~ 3V 

DC current-driven  

(more current = more light, little 

change in Vf) 

Power = Heat + Light 

ESD & Dust Sensitive devices 
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LED Characteristics 

LEDs are primarily impacted by drive current and 

temperature.  
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As current changes 
- Voltage changes little 

- Light output changes 

significantly 

 

 

As temp changes 
- Voltage changes little  

- Light output changes 

little 

 

LEDs are more efficient at 

lower current 

LEDs are more efficient at 

lower temperatures 
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LED Package 
 

A white LED package consists of die/dice, phosphor, 

electrical connections, substrate, and lens 

9 

 

 

(outer substrate) 

(electrical junction) 

(die) 

(inner substrate) 

(electrical case) 

(silicone lens) Phosphor 

An LED package may 

contain one or more LED 

die to increase amount of 

light in a smaller area. 

Example: Chip on Board (COB) – 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. 

10 

 

 

Common CCTs: 

2700K, 3000K, 3500K, 4000K, 

5000K 

 

 
 

Common CRI: 

70, 80, 90 

Extremely difficult to determine CRI 

Higher CRI = larger color gamut 

Incandescent Lamp = 100 CRI (Ref) 

Differences in CCT can be challenging 

to visually distinguish 
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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. 

11 

 

 

LEDs perpendicular to 

the black body curve 

(ideal) still meet color 

tolerance 

Always pay attention to brightness and color of LEDs 
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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, Vf, 

and lumens.  If more than one LED is used in a fixture, it becomes 

challenging to maintain consistent light output and color. 
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Recipe Binning (Color): 

 
A technique to fully utilize LED 

yield by arranging parts of 

opposing color coordinates to 

create an average which falls on 

the black body curve. 

LED1 

LED2 

BBC 
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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.  

13 

 

 

Color Coding: 
Typically the LED positive(+) is a RED wire 

And the negative(-) is a BLACK/BLUE wire 

Ensure good attachment of 

LEDs to heatsink/fixture for 

performance and lifetime. 

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. 

LEDs can be easily damaged during the mounting process 
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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.  

14 

 

 

Series Combination 

There are advantages and disadvantages of each configuration 

1 

Parallel 

2 

3 
Levels of complexity 
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Advantages: 
Design flexibility 

Large supply base 

 

Disadvantages: 
Pixilation 

Cost  

Advantages: 
Easy to use optically 

High lumen density 

Cost 

Flexibility 

 

Disadvantages: 
Lower LM-80 

 

Types of LEDs 
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Chip on Board (COB) High Power Discrete 

Mid Power Discrete 

Advantages: 
Design flexibility 

Largest supply base 

Lowest Cost 

 

Disadvantages: 
Optically complex 

  

Advantages: 
Design flexibility 

Cost improving 

Easy array (color tuning) 

 

Disadvantages: 
Five sided emitter 

Cross talk 

  

Chip Scale Package (CSP) 
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Note regarding life ratings:   
• Life for HID is calculated when 50% of lamps are burned out. 
• Life for LED is calculated via IESNA TM-21, limits life claim to 

6 x the number of hours tested.  Typical is 60,000hours. Life 
is then given as the lumen depreciation estimated at that life 
number.  

    For example, L9060 is 90% lumen depreciation     
    at 60,000 hours. 

 
 

Life Rating of Light Source 
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IESNA LM-80 Test Report on the Philips Lumileds Luxeon TX LED 

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. 

Luminous flux depreciation 

information 
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IESNA LM-80 Test Report on the Philips Lumileds Luxeon TX LED 

Color or kelvin temperature shift 

information 

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. 
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TM-21-11 

• LM-80 -- only an LED testing standard 

• IES TM-21-11 -- mathematical framework for LM-80 data and making 

useful LED lifetime projections 

Key points of TM-21: 

• 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 

• L70, L80, L90, Lxx projections easily possible 

• Nomenclature: Lp(Yk)where p is Lumen Maintenance percentage and Y 

is length of LM-80 data set in thousands of hours   ie: L85(10k) 
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TM-21 – Use the latest data 

 Initial data variability (i.e. “hump”) is  

   difficult for models to evaluate (0-1000 hr) 
 

Later data exhibits more characteristic 

   decay curve of interest 
 

• Non-chip decay (encapsulant, etc.) occurs 

   early and with varying effects on decay curve 

•  Later decay is chip-driven and relatively 

   consistent with exponential curve 

•  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 
 

 For 6,000 hours of data (LM-80 minimum) 

    and up to 10,000 hours: Use last 5,000 hours 
 

 For > 10,000 hours: Use the last ½ of the 

    collected data  
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Thermal report to confirm driver TC and COB operating temperature at 40°C 

ambient 

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. 
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Excellent lumen maintenance at both 25C and 40C (93% at 60,000 hours at 40C) 
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Energy Star TM-21 Report 

TM-21 Report 

                          

  Table 1: Report at each LM-80 Test Condition   Table 2: Interpolation Report   

  
Description of LED Light Source Tested 

(manufacturer, model,  

catalog number) 

LumiLeds Rebel ES   (projection based on in-situ temperature entered)   

    Ts,1 (⁰C) 55.00   

    
Ts,1 (K) 328.15 

  

  Test Condition 1 - 55⁰C Case Temp   Test Condition 2 - 85⁰C Case Temp   Test Condition 3 - 105⁰C Case Temp   α1 8.528E-07   

  Sample size 25   Sample size 25   Sample size 25   B1 1.007   

  Number of failures 0   Number of failures 0   Number of failures 0   Ts,2 (⁰C) 85.00   

  

DUT drive current used 

in the test (mA) 
1000   

DUT drive current used 

in the test (mA) 
1000   

DUT drive current used 

in the test (mA) 
1000 

  
Ts,2 (K) 358.15 

  

  Test duration (hours)            10,000    Test duration (hours)            10,000    Test duration (hours)            10,000    α2 6.966E-07   

  

Test duration used for 

projection (hour to hour) 

5,000 - 

10,000 
  

Test duration used for 

projection (hour to hour) 

5,000 - 

10,000 
  

Test duration used for 

projection (hour to hour) 

5,000 - 

10,000   
B2 1.014 

  

  

Tested case 

temperature (⁰C) 
55   

Tested case 

temperature (⁰C) 
85   

Tested case 

temperature (⁰C) 
105 

  
Ea/kb -7.93E+02 

  

  α 8.528E-07   α 6.966E-07   α 1.444E-06   A 7.617E-08   

  B 1.007   B 1.014   B 1.030   B0 1.010   

  

Calculated L70(10k) 

(hours) 
         427,000    

Calculated L70(10k) 

(hours) 
         531,000    

Calculated L70(10k) 

(hours) 
         268,000  

  
Ts,i (⁰C) 74.00 

  

  

Reported L70(10k) 

(hours) 
 >60000    

Reported L70(10k) 

(hours) 
 >60000    

Reported L70(10k) 

(hours) 
 >60000  

  
Ts,i (K) 347.15 

  

                    αi 7.472E-07   

      

Projected 

L70(10k) at 74⁰C 

(hours) 

                                            

491,000  
  

                    

Reported 

L70(10k) at 74⁰C 

(hours) 

 >60000  
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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. 

Superior thermal management results in long life 



25 © 2015 Eaton, All Rights Reserved. 

Superior thermal management results in long life 

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. 
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Absolute and Relative Photometry 

• LED luminaires LM-79-08 

• Lamps integral to luminaire 

• No lamp seasoning, 

calibrated to lamp of known 

output 

• Actual lumen output 

measured 

• Unique results for each 

product 

 Bare lamps measured 

separately. 

Absolute Photometry Relative Photometry 

• Seasoned (aged) lamps 

• Output stabilization  

• Raw output measured   

 Luminaire test 

• Same lamps and ballast 

• Identical electrical and thermal 

characteristics 

• Results scaled to initial rated lamp 

lumens 

 Same results with 

different lamps 
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Photometric Testing per IES LM-79-08 

Integrating 

Sphere 

 Electrical and Photometric Measurements of Solid-
State Lighting Products 

– Luminaire based absolute photometry  

• Total Luminous Flux 

• Luminous Intensity Distribution 

• Electrical Power 

• Luminous Efficacy (LPW - calculated) 

• Color Characteristics 

• Chromaticity 

• CCT 

• CRI 
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Integrating Sphere Report 
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Goniophotometer 
An apparatus for measuring 

the directional light 

distribution characteristics of 

light sources, luminaires, 

media, and surfaces.  

 

PLAN VIEW Luminaire 

Mirror 

Photocell 

Indirect 

Light 

Shield 

Measuring Luminaire Performance 
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Absolute IES file information from Goniophotometer 
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National Voluntary Laboratory Accreditation 

Program - NVLAP 
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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.   
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UV testing on Polycarbonate Plaques 

Purpose – To provide a summary of measurements on the polycarbonate plaques (used 

on the light square products) that have been exposed to high intensity ultraviolet radiation.  

Background – 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.   

Test – 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 – 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.   

Note: Proper installation of the Navion luminaire will not expose the optical square to direct sunlight. 
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UV stabilizers greatly reduce the rate of yellowing on plastic materials 

UV Treated 

Control 
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Optical Control Advantage Over External Shields 

Type 2 Short , 7928 

lumens, 78 lumens 

per watt, with light 

more than 40’ behind 

the pole.  

Type 2 Medium mirror imbedded 

optics, 7523 lumens, 105 lumens 

per watt with light evenly 

dispersed 10’ to 20’ behind the 

pole for sidewalk illumination.   

Type 2 Short with an external 

shield, 6090 lumens, 60 

lumens per watt, light 

reduced to 20’ behind the 

pole. 

40’ Grid 

25’ MH 

External shields can reduce luminaire efficiency by as much as 23%.         

precision optics maintain luminaire efficiency by re-directing the light  

evenly along  the roadway. 

Street Street Street 
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VERD Optics 

T1 T2 T2-HSS T3 T2-HSS 

T4 T4-HSS T5 

Distribution Pattern Comparison 
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ARCH Optics 

T2R T2U T2R-HSS T3 T3-HSS 

T4W T4W-HSS 5WQ 

Distribution Pattern Comparison 
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External Shields    
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150 WATTS 

Why the “lumens per watt method” of calculating lighting fixture performance  alone does not 

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%  

150 WATTS 

Same source, same ballast, different performance 

25’ 

0.46 Average Illuminance 0.93 Average Illuminance 

85 Lumens per Watt 67 Lumens per Watt 

Why you should not specify by lumens per watt 
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Three dimension rendering of light distributions and relative foot-candles on ground 

High LWP post top on left, lower LPW shoebox on right  

Where is the light going? 
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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? 
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HID │LED Equivalency 

                          HID                             vs.   LED  

250W HPS Lamp        28,000 lumens          110W LED @ 1A          

70% Total Downward Luminaire Efficiency     100% Total Downward Luminaire Efficiency 

                                                                                                

               

Street Side Lumens            (52.7%)   Street Side Lumens                (82%)                

0.81 LLF                   8,366 lumens  0.91 LLF           7,880 lumens

  

19,600 lumens 

10,567 lumens 
(300 ballast watts) 

XNV2 Type 3 distribution (new LED) OVX Type 3 distribution 

10,566 lumens 

8,660 lumens 10,329 lumens 



43 © 2018 Eaton. All rights reserved.. 

28’ roadway, 1’ setback, 30’ mounting height, 6’ sweep arm, 175’ spacing 

Purple iso = .1 FC     Green Iso = .5 FC  

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

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 spill light 25’, forward spill 

light 34’  

• Max Lv Ratio .29 on R3 pavement 

 
OVH15S2D 

• 188 watts, 11,706 initial delivered 

lumens, 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 spill light 41’, forward spill 

light 31’  

• Max Lv Ratio .40 on R3 pavement 
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Twin and Triple 1000 watt MH (1085 x 3= 3255 watts)  



45 © 2018 Eaton. All rights reserved.. 

Twin 213 watt Navions (618 watts) 
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 3000K vs 4000K Correlated Color Temperature  
Color Preference and Visibility 
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Type 1 Type 2 

Type 3 Type 4 

Type 5 round Type 5 square 

Same distributions for traditional technologies and LED 

IESNA Distribution types 
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Source (Lamp) Versus Delivered Lumens 

• Source= Lamp Lumens 

from the source. 

• Example 100W HPS 

Lamp emits 9500 

Source Lumens 

• Delivered= Lumens that 

are controlled and 

distributed from the 

luminaire. LED Fixtures 

publish Delivered 

Lumens 

Source Source 

Delivered Delivered 
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LED Replacement Product Methodology 

          HID                             vs.   LED  

250W HPS Lamp                          
  

70% Total Downward 

Luminaire Efficiency       

                                                                                                

             

  

Street Side Lumens  

(52.7%)   

10,329 X 0.81 LLF =

  

19,600 lumens 

19,000 lumens 

(300 ballast watts) 

LED Type 3 Distribution  Typical Type 3 Distribution 

19,000 lumens 

14,725 lumens 10,329 lumens 

28,000 lumens 155 watt LED 

100% Total Downward 

Luminaire Efficiency 

Street Side Lumens                

(77.5%) 

14,725 X 0.81 LLF = 8,366 lumens 11,927 lumens 

48% Less Energy and 30% More Maintained Street 

Side Lumens 
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250W HPS vs.140W LED  
VERD 19000 Lumens 

R
o
a
d
w

a
y
-D
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v
e
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n
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60’ 

R
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a
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w
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60’ 
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WaveStream™ optical technology blocks the line of sight of the 

LED light source from the observer while extracting the maximum 

amount of light on task.  

Optical 

technology with 

unparalleled 

combination of 

visual comfort 

and 

performance. 
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“To improve the quality of life and the environment through 

the use of power management technologies and services…” 

How do we achieve our vision… 
                    We create unique experiences 

We Improve Safety We Connect Communities We Create Experiences We Conserve Energy 

Eaton is enhancing urban living with design and stunning illumination 
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Class 2 LED Driver 

LED 

luminaires 

with Class 

2 drivers 

can use an 

acrylic 

lens. 
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Class 1 LED Driver 

Class 1 LED 

luminaires will 

have a glass or 

polycarbonate 

lens 
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Driver Replacement Rate 

Eaton has extensive test data to support field performance expectations 

• Driver wearout data based on Detroit environmental 

conditions 

• Tunnel - 24 hr/day; roadway - 12 hr/day 

• Years 1-5 only -  expect <0.5% additional random failures 

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

3.5%

4.0%

4.5%

5.0%

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

Driver Field Replacement Rate

Tunnel

Roadway
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Cool running drivers last longer. 

Driver T case 

temperature 

will affect 

longevity. 
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Surge Sources 
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Protection Levels 



60 © 2013 Eaton, All Rights Reserved. 

Standard Cross Reference 
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Surge Protection is Essential for Driver Life 

Make sure the SPD meets UL1449 
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Surge Protection Device (SPD)Options 

Example of Catastrophic Event 

Street Light Electrical System Protection                                                      
• 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. 

• 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. 

• Both SPD options are wired off the terminal block to protect all upstream 

components including the photo control and wireless control modules. 

• 20kV options available with LED indicator light to show failure of the SPD 

Metal Oxide Varistors (MOVs) saving time to troubleshoot. 

 
SPD Options 

• 10kV/5kA Parallel – 10MSP 

• 20kV/10kA Parallel – 20MSP 

• 10kV/5kA Series – 10K  

• 20kV/10kA Series w/ or w/o LED indicator - 20K 
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10K or 20K (Series) vs. 10MSP or 20MSP MSP (Parallel) 

What’s Your Strategy? 
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Surge Protection before Downstream Electronics 
(Controls and Drivers) 
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Insufficient protection will reduce fixture life. 

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  

 

Surge Protector  – What to Look For 
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LED Fixtures on 480 Volt Power 

• As LED continues to penetrate the outdoor 

market space more old magnetic HID fixtures 

will be replaced by LED. 

• Many of these HID fixtures are on older 

Electrical Service configurations that need 

special SPD consideration. 
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Common Electrical Services and Loads           

Typical Terms, Applications and Usages 

Also known as an 

Edison system, split-

phase or center 

tapped neutral, this is 

the most common 

residential service in 

North America 

The most common 

building electric 

service in North 

America, in smaller 

buildings known as 

the 120/208 volt Wye 

and in larger 

buildings as the 

277/480 volt Wye 

Used Primarily in 

industrial facilities to 

power three phase 

motor loads and in 

utility power 

distribution. May also 

be used for Magnetic 

HID Lighting. 

Also known as high-

leg or wild-leg delta. 

Was used in older 

facilities for both 

three phase motor 

loads and some 

single phase 

magnetic or 

incandescent lighting 

loads 

Used to reduce wiring 

costs by using a service 

cable with only two 

insulated conductors 

rather than three 

insulated conductors. 

Prevalent in older 

factory and some DOT 

installations. 

            

Grounded System Yes Yes No Yes Yes 

Compatible with Magnetic HID Yes Yes Yes Yes Yes 

Use with Electronic Ballast or Driver Yes Yes Maybe Maybe Maybe 

Use with Surge Module (SPD)  Yes Yes Special Special Special 

Know Your Circuit Type 
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LED Luminaire and Component Testing 

 Reliability System Testing                  

• Humidity 

• Salt Spray 

• Water IPX6 

• Dust IP6X       

• Vibration testing 

• UV testing  

• Thermal testing on luminaires at -30°C (-30°F) degree 

to    40°C(104°F) standard, -40°C to 50°C for certain 

models.  

• Thermal testing on components from -40°C to 90°C 

• Require UL accredited test laboratory 

• DOE approved  Lighting Facts Test Laboratory 

partner 
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Ingress Protection (IP) Ratings 
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ANSI C136 Exterior Label 

• C136.15 -  American National Standard for 

Roadway and Area Lighting Equipment – 

Luminaire Field Identification 
 

• Marker shall have black letters on a white background 

• Arithmetically rounded to the nearest multiple of 10 

• Standard either 1” square or 3” square  

• Example 

        54 Watt Luminaire becomes “50” 

        55 Watt Luminaire becomes “60” 
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Lineman friendly features for quick and easy installation and 

maintenance 

Field installed house side 

light shield 

HS-VERD 

Field installed side or front 

vertical light shield.  

VGS-F/B – Front  or Back 

VGS-SIDE – Side only 

VERD-M electrical chamber with Crouse Hinds 

20kV SPD with LED indicator light 

Now with WAGO connectors for 

quick component replacement 

Driver tray quick disconnect 
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Mechanical Features and Component Replacement 

• HS-ARCH-16  – House side 

shield for 16 LED optic 

• HS-ARCH-24  – House side 

shield for 24 LED optic 

 

SPD Surge Protection:  

10K or 20K 

Dimmable Power Supply 

(Driver) 
2 Bolt Mounting 

Optional 4 Bolt 

Terminal Block 

Tool-Less Metal Latch 

WAGO electrical connectors to 

driver and surge module for easy 

component replacement 

ARCH small 

SPD Surge Protection: 

10K or 20K Terminal Block 

ARCH-M 

ARCH 

4 Bolt Mounting 

Standard 

Metal 

bird 

guard 

Metal Bird Guard 

Metal 

bird 

guard 

Safety 

Tether 

4 Bolt Mounting 

Standard 

ARCH-L 

Terminal Block 
SPD Surge Protection: 

10K or 20K 
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What is an LED Driver? 

An LED driver consists of one or more electronic components to 

limit voltage/current applied to the LED.  Generally, alternating 

current (AC) voltage is converted into direct current (DC) which 

drives the LEDs based on design.   

73 

 

 

~AC Input DC Output AC to DC Converter 

LED Module 

LED Driver 
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LED Driver or Power Supply 

• Driver specification 

sheet shows 100,000 

Lifetime when operating 

< 75 °C 

• Driver Max Temp 90°C 

• Driver Warranty 85°C 

• Driver is standard with 

6kV Transient 

Protection ANSI C62.41 

Category B 
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Class 2 LED Driver 

LED 

luminaires 

with Class 

2 drivers 

can use an 

acrylic 

lens. 
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Class 1 LED Driver 

Class 1 LED 

luminaires will 

have a glass or 

polycarbonate 

lens 
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Example of Test Results of In Situation Tc  

Eaton Archeon Series Cobrahead 

Driver Tc Measurement of 75 C 
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Lifetime vs Case Temperature 

<75°C Tc = 100,000 Hours 
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Dimming 

 

Similar to other light sources, LEDs are dimmed by reducing the current.  
The two most common methods of dimming are line voltage and 0-
10VDC.  The wallbox dimmers are the same for LED as it is for 
incandescent or fluorescent. 
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Typical Wiring for 0-10V Dimming Driver 

External 0-10VDC  

Control 

LEDs are capable to be dimmed to very low levels, <1% 
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Dimming 

Line Voltage 

Line voltage dimming involves modifying the AC voltage waveform at the input to the LED 

driver.  Leading edge type is the most common type of dimmer available in the world. 

80 

 

 

0-10VDC 

Requires a reference voltage for operation, hence the name 0-10VDC. A 

special dimmer which can either source or sink current interfaces with the 

driver. Purple (+) and Gray (-) wires. 

 

Advantages:  

Low cost, availability 

Disadvantages:  

Inconsistent dimming 

Main Application: 

Residential 

Advantages:  

Consistent dimming, lower levels 

Disadvantages:  

Higher cost, limited mounting distance 

Main Application: 

Commercial 
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Driver Features - DALI 

Digital Addressable Lighting Interface (DALI) is a trademark for 

network-based systems that control lighting in building automation. 

The underlying technology was established by a consortium of lighting 

equipment manufacturers as a successor for 0-10 V lighting control 

systems, and as an open standard alternative to Digital Signal 

Interface (DSI), on which it is based. 

 

Offers: 

• Dimming 

• Data storage – used in some NLC systems for self 

commissioning 

• Data bus communications  

https://en.wikipedia.org/wiki/Lighting
https://en.wikipedia.org/wiki/Building_automation
https://en.wikipedia.org/wiki/0-10_V_lighting_control
https://en.wikipedia.org/wiki/0-10_V_lighting_control
https://en.wikipedia.org/wiki/0-10_V_lighting_control
https://en.wikipedia.org/wiki/Open_standard
https://en.wikipedia.org/wiki/Digital_Signal_Interface
https://en.wikipedia.org/wiki/Digital_Signal_Interface
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Driver Features - Programming 

With programming tool this driver can be  

 programmed from 600mA to 1250mA 
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Driver Features – CLO and AHD 

Constant Lumen Output (CLO) – driver can be programmed to 

increase current over time to compensate for lumen depreciation 

After Hours Dimming: 
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Interpreting the Driver Spec – Power Envelop 

22W 50W 

50W 

14W 4W 

Max Voltage 

Max Current 
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Interpreting the Driver Spec – Power Envelop 

22W 50W 

50W 

14W 4W 

Max Voltage 

Max Current 
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Interpreting the Driver Spec – Power Envelop 

22W 50W 

50W 

14W 4W 

Max Voltage 

Max Current 
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Interpreting the Driver Spec – Power Envelop 

22W 50W 

50W 

14W 4W 

Max Voltage 

Max Current 
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Interpreting the Driver Spec – Power Envelop 

22W 50W 

50W 

14W 4W 

Max Voltage 

Max Current 
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LED Driver – Power Factor, Basic Definition 
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𝑃𝐹 =
𝑃𝑊
𝑃𝑉𝐴

=
𝑅𝑒𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 (𝑊)

𝐼𝑅𝑀𝑆 . 𝑉𝑅𝑀𝑆 (𝑉𝐴)
 

LED Driver – Power Factor, Basic Definition 
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PW is the actual power in watts that is dissipated by load 

 

PVA is the product of the measured input AC voltage and current to the load 

AC Source 

Load 

PVA = VIN x 

IIN 

PW 

Minimum Power Factor requirement 

Residential:  0.7 

Commercial:  0.9 

𝑃𝐹 =
𝑃𝑊
𝑃𝑉𝐴

=
𝑅𝑒𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 (𝑊)

𝐼𝑅𝑀𝑆 . 𝑉𝑅𝑀𝑆 (𝑉𝐴)
 

LED Driver – Power Factor, Basic Definition 
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LED Driver – Input Current Distortion, THDi 
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Definition:  Distortion is a measure of the deviation from a pure sine wave. 

Deviation from a pure sine wave happens when Harmonics are introduced 

Harmonics are higher frequency sine wave components of the fundamental 60 Hz 

LED Driver – Input Current Distortion, THDi 
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𝑇𝐻𝐷 % =
𝑠𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 ℎ𝑎𝑟𝑚𝑜𝑛𝑖𝑐𝑠

𝑓𝑢𝑛𝑑𝑎𝑚𝑒𝑛𝑡𝑎𝑙
× 100 =

 𝐼𝑖
2

𝐼
× 100 

Maximum input current distortion allowed by DLC is 20% 

Fundamental 

Harmonics 

Definition:  Distortion is a measure of the deviation from a pure sine wave. 

Deviation from a pure sine wave happens when Harmonics are introduced 

Harmonics are higher frequency sine wave components of the fundamental 60 Hz 

LED Driver – Input Current Distortion, THDi 
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108V Input 132V Input 

Input Current  Input Current  

Input Current  

LED Driver – Input Current Distortion, THDi 
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The ratio of output Power to Input power at full load. 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
𝑂𝑢𝑡𝑝𝑢𝑡 𝑃𝑜𝑤𝑒𝑟

𝐼𝑛𝑝𝑢𝑡 𝑃𝑜𝑤𝑒𝑟
× 100 

An isolated (class 2) Flyback Converter can be as high as 90% efficient 

 

A driver that is less than 80% efficient is considered inferior 

 

Efficiency is a trade off between cost, performance, availability, thermal limit and reliability 

Load 
POUT 

PIN Driver 

LED Driver – Efficiency 
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Regulation is a measure of how well a driver output stays on target as conditions change 

𝑅𝑒𝑔𝑢𝑙𝑎𝑡𝑖𝑜𝑛 % =
𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑂𝑢𝑡𝑝𝑢𝑡

𝑇𝑎𝑟𝑔𝑒𝑡 𝑂𝑢𝑡𝑝𝑢𝑡
× 100 =

𝐼𝑀𝑎𝑥 − 𝐼𝑀𝑖𝑛
𝐼

× 100 

The output may change due to Line voltage, load, temperature or frequency 

 

Regulation less than 5% is considered good 

LED Driver – Regulation 
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Ripple is a measure of the quality of the output 

𝑅𝑖𝑝𝑝𝑙𝑒 % =
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑤𝑖𝑛𝑔 𝑜𝑓 𝑜𝑢𝑡𝑝𝑢𝑡

𝑇𝑎𝑟𝑔𝑒𝑡 𝑂𝑢𝑡𝑝𝑢𝑡
× 100 =

𝐼𝑝𝑘−𝑝𝑘
𝐼𝑂

× 100 

Ipk-pk 

IO 
Current Ripple 

LED Driver – Output Ripple Current 
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• Voltage Surge is a brief increase in voltage. 

• Lightning Strikes are the main cause of voltage surge 

• Surge voltage can reach several thousand volts 

• May result in a high inrush current from hundreds to several thousand Amps 

• Surge Suppressors (MOV) are used to clamp the surge voltage to a safe level 

120V
MOV

150V

Fuse

LED Driver – Surge 
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LED Driver – EMI 

High Frequency Switching Current is radiated and conducted to the outside world causing radio 

interference. 

Conducted noise 

Radiated noise 

VCC

GND

Gate

Sense

Vin Sense

Control
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Conducted noise 

Radiated noise 

VCC

GND

Gate

Sense

Vin Sense

Control

LED Driver – EMI 

High Frequency Switching Current is radiated and conducted to the outside world causing radio 

interference. 

An EMI filter is used to decouple the high frequency switching current from line 

FCC Regulates Radio Interference  
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Inrush Current of LED Driver 

• What is it?  Current need to charge front end 

of driver (capacitors) 

• It’s a known quantity: 
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What does Inrush Current look like? 
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Inrush Current of LED Driver 

• What to do?  Add up the inrush currents on the circuit and make 

sure your circuit breaker can handle it 

Max Input Power Rating:  60W (or 0.5A average steady-state 

per luminaire at 120V input) 

Inrush Current:   2.6A peak for 2msec (per Figure 1) 

The designer wants to know how many luminaires can be 

placed on the 15A breaker and not exceed 12A while at the 

same time, preventing false tripping due to inrush current.  

Knowing that each luminaire draws 0.5A you can calculate 24 

luminaires will draw 12A steady-state current.  But, will there 

be an issue with inrush current?  To investigate let’s use the 

same Eaton CH breaker shown in Figure 3.  The duration of 

the inrush current is 2msec.  The minimum breaker trip curve 

is at 700% of rated breaker current or 105A (15A x 700%).  24 

luminaire each with 2.6A peak of inrush current is 62.4A.  

Therefore the design will work as expected without any 

nuisance tripping due to inrush!  
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Archeon ARCH S Series Roadway 
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 HPS (50,70,100,150,200) 

 PSMH   (70,100W) 

HPS(50,70,100,150,200,250,400) 

PSMH (70,100,150,175,200,250,400W) 

Probe Start 175,250,400) 

 

 

HPS (50,70,100,150,200,250) 

PSMH (70,100,150,175,250W) 

Probe Start (175,250W) 

HPS(50,70,100,150,200,250W)  

PSMH (70,100,150,175,250W) 

Probe Start (175,250W)  

 

 

HPS(50,70,100,150,200,250) 

PSMH (150,250,320,350,400W) 

Probe Start  (250,400W) 

HPS (100,150,250,400,1000W) 

PSMH (150,175,250,320,350,400,750,1000W)  

Probe Start (175,250,400,1000W) 

 

 

HPS(100,150,200,250,400W) 

PSMH (100,150,175,250,320,350,400W) 

Probe Start (175,250,400W) 

 

 

HPS(50,70,100,150,175,200,250W) 

PSMH (70,100,150,175,250W) 

Probe Start (175,250W)     

 

 

HID is still available! 
Eaton Streetworks 2018 HID Portfolio Summary 

RMA OVX OVZ OVH OVF 

Galleria Square Tribute Site Traditionaire  

Series 

HPS (50,70,100,150W) 

PSMH  (70,100,150,175W) 

Probe Start: (175W) 

HPS (50,70,100,150,250,320W) 

All PSMH (70,100,150,250,320W) 

Probe Start (175,250,400W) 

 

HPS (50,70,100,150,200,250W) 

PSMH (70,100,150,175,250W) 

Probe Start (175,250W)  

 

 

Lexington Series                                                  

(LXT LXF LXD) 

Acorn 

(ANE WST) 

HPS (70,100,150,200,250) 

PSMH  (70,100,150,250,320,350,400W) 

Probe Start (175,250,400W) 

Vanguard 

 HPS (400,750,1000W)  

PSMH  (400,750,1000W) 

Probe Start MH (400,750,1000W) 

 

 

HMX 

 HPS (1000W) PSMH (1000W) 

Probe Start (1000,1500W) 

Eagle 

  

HPS (100,150,200,250,400W) 

PSMH  (100,150,175,250,320,350,400W) 

Probe Start (175,250,400W)  

HPS (150,200,250,400,1000W) 

PSMH  (150,250,320,350,400, 750, 1000W) 

Probe Start (250,400,1000W) 

 

 

 

CFB GPF 

 

OVY 

HPS (150,200,250,400) 

PSMH (150,250,,320,350,400W) 

Probe Start (250,400W) 

Generation  

Series 
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Technology Trends in LED 

• IOT 

• Controls 

• Cameras/Sensors 
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The Internet of Things - What 

• The Internet of Things(IoT) is the network of 

• physical devices, vehicles, home appliances, 
and 

• other items embedded with electronics, 
software,  

• sensors, actuators, and connectivity which 
enables 

• These objects to connect and exchange data 

•   

• Source:   Wikipedia 
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The Internet of Things - Outdoor Lighting 
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The Internet of Things - Where 
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The Internet of Things - When 

Source: Gartner Hype Cycle for emerging technologies, 

Published  August 2018 

Hype Cycle for the Internet of Things 
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The Internet of Things - What 

Source: Navigant Research Leaderboard : Smart Street 

Lighting 2018 

From LEDs to Networked Controls and Smart City 

Platforms  
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Outra-luminaires Communication 

The Internet of Things - How Connectivity 

Different wired and wireless network protocols can be used depending on the 

location, scale and distance of the luminaires and on the device types 

connecting to these luminaires.   
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Outra-luminaires Communication 

The Internet of Things - How Connectivity 

Wireless 

Network 

Technology 

Frequency Range Data Rate Use Case / Advantage 

Bluetooth LE 4.x 2.4 GHz 10 - 80 m 1 Mbps Low cost, low power / good battery life 

Bluetooth LE 5.0 2.4 GHz 50 - 200 m 
125 Kbps - 2 

Mbps 
Low cost, wider range, wider data rate, better battery life 

Wi-Fi 2.4 GHz & 5GHz 30 - 200 m Upto 1 Gbps 
High data rates, to be used in higher bandwidth applications 

such as video 

Zigbee 2.4 GHz 50 - 150 m 250 Kbps 
Low cost, used often in the Connected Home and 

Connected Building settings 

LoRaWAN 
868 MHz & 915 

MHz  
Upto 16 Km < 50 Kbps 

Long range, low bandwidth, very low power for extended 

battery life 

3G 
850/900/1900 

MHz 
14 - 18 Km 1 - 10 Mbps Mature and commonly deployed longrange network 

4G LTE - Cat 5 LTE bands 15 - 18 Km 300 Mbps Long range - High bandwidth data application 

4G LTE - Cat M LTE bands 17 - 18 Km 1 Mbps Long range - IoT application 

NB-IoT LTE bands 
Upto 22 Km/35 

Km 
170/250 Kbps Long range - IoT application 

5G 
3.5 GHz / 24-28 

GHz 
Max 100 Km Upto 20 Gbps New protocol with a large variety of use cases 

Selecting the most relevant network protocol depends on the application used 

along with the luminaire, from controlling lights to providing more advanced 

functions. (e.g. gunshot detection, etc.) 
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The Internet of Things - How Connectivity 

Intra-luminaires Communication 
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The Internet of Things - How Connectivity 

DALI can be an option for intra-luminaire communications. 

0 – 10V DALI USB I2C 

Data & Power Not Possible 2 Wire 4 Wire 4 Wire 

Communication 
Analog, Uni-directional,  

No Switch to Off 

Digital, Bi-directional,  

Sufficient Speed 

Digital, Bi-directional,  

Very High Speed 

Digital, Bi-directional,  

High Speed 

Portfolio Synergy High High Low Low 

Eco System 
Strong in NA,  

Declining in EU 

Strong in EU,  

Emerging in NA 

Stong Globally,  

but not yet in lighting 
None 

Ease of Design-in High High Medium Medium 

Use Inside/Outside Fixtures OK OK OK Only Inside 

Daisey Chain Multiple Units 

(1:N) 
No Yes No Yes 

Cost Low Medium Low-Medium Low 

Intra-luminaires Comparing SR/DALI to other standards 
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The Internet of Things - How Sensors  
Outdoor Sensors  

The diversity of upcoming luminaire sensors requires inter-

operability.  

Local Sensing  Basic Network Sensing  
Advanced Networked 

Sensing 

Use cases 

and 

technology 

Energy savings 

with  

 

Presence Detection  

(PIR, Microwave) 

 

Light Detection  

(Cad) 

Activity Detection  

(PIR, Microwave, Time of 

Flight,  

Camera, Bluetooth) 

 

Weather Measuring  

(Temperature, pressure, 

humidity, windspeed, fog, ice) 

 

Accident Reporting  

(Luminaire Tilt and Vibration) 

Traffic reporting  

People counting 

Plate reading 

City air quality mapping 

Parking optimization 

Seismic event reporting 

Gunshot detection 

Value $ $$ $$$$ 
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The Internet of Things - How Sensors 

Gunshot detection and video are examples of advanced sensor applications. 
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The Internet of Things - How Data 

Data needs to be refined and analyzed to become useful. 
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The Internet of Things - How Standards 

Assurance of compatibility with mutual interoperability testing  

with partners and certification. 
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  Sensor Ready certified 
       
 
 DiiA Consortium (DALI 2.0) 
  
   
  Zhaga Consortium (book18) 
  
 
 
   ANSI  (C137.4  C136.54  
C136.41) 

 
 

The Internet of Things - How Standards 

  

Standardization of following for Interoperability 

  
Communication  Agreement on protocol and data 

Electrical   Assignment and V / I ratings 

Mechanical  Determination of dimensions and tolerances  
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The Internet of Things - How Standards 

Luminaire Sensor Ready (SR) Platform 

 

 



123 © 2018 Eaton. All rights reserved.. 

The Internet of Things - How Standards 

 

• Improved communication with bi-directional and digital  

communication between LED driver, controller and sensors. 

 

 

Communication 

protocol, sometime 

referred to DALI 2.0  

supported by DiiA 

program and 

ANSIC137.4.  
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The Internet of Things - How Cyber Security 

Cyber Security in IoT lighting 

 

 
 

DLC NLC Technical Requirements version 3.0 

• UL 2900-1 

• NIST IoT Cybersecurity Framework 

• ISO 27001 

• ISA/IEC 62443 
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The Internet of Things - What 
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“IoT will allow 

cities to 

provide better 

service for their 

citizens. ” 
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Photo Controls 

• Fail off long life photo control – Recommended for LED luminaires to maximize driver 

lifetime by eliminating day burners. 

• Fail on long life photo control – Similar to traditional style photo controls with superior 

design for longer life. 

• Long life LED photocontrol manufacturers include Sun Tech, EYE and others . 

Why install an LED luminaire that has a 15 to 20 year design life 

with a photo control that has to be replaced every 5 years? 

http://www.cimconlighting.com/
http://www.sun-tech.biz/
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Technology - Scalable - Robust - Low Cost 

. 

Eaton ConnectWorks Powered By CimCon 
    Typical Networked Control System 
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Cellular /  

Internet 

RF 

RF 

Wireless 

Gateway  

DCU 

SCADA 

Server 

Analysis 

Dashboar

d 

Email 

Field 

Staff 

Office 

Staff 

Wireless 

Gateway  

DCU 

Street Light  

Controller 

(SLC) 

 CMS Software 

          Typical System Connectivity 
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LumenSafe - Energy Efficient LED Street 

Lighting and Smart Camera Technology 
 
 

Eaton LED Roadway and Area Lighting Products 

Eaton Integrated Network Security Camera Solutions 
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Eaton Corporation 
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Eaton Lighting Solutions … 

Lighting 
Advanced LED fixtures 

Connectivity  
Communication & Sensing  
Physical devices & Controllers 

Software 
Software Applications 
Data accumulation & analysis 

Eaton Power 
Unparalleled knowledge of 
electrical power management 
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Leveraging the Lighting Infrastructure  

Cities should leverage the lighting real estate when upgrading HID to LED 

• Addition of a connected solution can help to automate and link key services currently fragmented 

• From street lights with energy & maintenance…to parking meters…to traffic management… etc.  

• Be smarter & work smarter, be more efficient and drive to eliminate silo management 

Cities with a common, single network can continue to add features in the future 

• Add new services and new sensors to add new value and features 

• Utilize open API (application programming interface) to drive innovation with APPs & software 

• Improving public safety helps drive growth & commerce and enhances the lives of its citizens 

Must solve new, cross-department sales channel and generate 

value for the citizen through direct or indirect interactions 

City 

Lighting 

Public 

Safety 

Water  

Management 

Waste 

Management 

City 

Parking 

Traffic 

Management 

Public 

Transport 

Road 

Maintenance 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwii6pnjurbLAhUkIJoKHYuICnYQjRwIBw&url=http://www.sunviewled.com/smart-lighting/smart-street-lighting/&bvm=bv.116573086,d.bGg&psig=AFQjCNFN5QMWVqKKhS2s807O3TLbRqAR0g&ust=1457710926902824
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“To improve the quality of life and the environment through 

the use of power management technologies and services…” 

How do we achieve our vision… 
                    We do more to improve safety 

We Improve Safety We Connect Communities We Create Experiences We Conserve Energy 

Eaton is adding value & improving security with our LED luminaires 
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Streetworks / McGraw-Edison / Lumark  
2018 Product Introduction 

Camera Integration 

• Ideal for highly trafficked or safety conscious areas 

• Roadways, intersections, schools, public facilities, retail, hotels 

• All camera and networking equipment integrated to the luminaire 

• “Plug and play” approach 

• Improved aesthetic over pole bolt-on approach 

• Multiple data backhaul options – cellular, Wi-Fi, ethernet 

• Built-in SD card slot for local storage option and reduced bandwidth  

• Commercial and industrial rated solution from world-class camera partner  

• IP66, NEMA 4X and IK10 impact ratings 

• High nighttime performance  

• Digital remote zoom and focus  

• Flexibility to work with customer’s preferred software vendor 

• Multiple video compression and streaming file format options 

• Luminaire power and control maintained on separate circuit 

 

2018 launch – Galleon and Navion 
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Integrated Network Security Camera  
 

… 

• Provides real-time surveillance with no wiring required 
beyond line power  

• No complexity of multi-step installations, low-voltage power 
conversion, networking equipment or bulky boxes on poles 

Ease of installation 

• Streamlined, outdoor-ready fixed dome camera that offers 
video quality up to HDTV 1080p  

• Advanced compression techniques to reduce bandwidth and 
storage requirements  

• Varifocal lens and remote zoom and focus eliminates the 
need for hands-on fine tuning  

Leading camera technology 

• Variety of networking options for bringing the camera feed to 
a monitoring system 

• Optimally designed for deployment in the video management 
system or security software platform of customer’s choice  

Flexibility in networking and software 
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“To improve the quality of life and the environment through 

the use of power management technologies and services…” 

  How do we achieve our vision… 
                     We strive to connect communities 

We Improve Safety We Connect Communities We Create Experiences We Conserve Energy 

Eaton is working with the Smart Cities Council and forming new alliances 
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Integrated Network Security Camera 



Live Video Feed From Multiple Locations 
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City of Durango 

• Challenges of Change 
Sept. 30, 2018 

SALC 
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Initial LPEA Project Goals 

• LPEA will convert 2,100 street lamps to LED 
• Existing wattages from 100- 465W 

 

• 50% energy reduction!! Reducing kWh   
• Coop $ savings to our members 
• Reducing Carbon Emissions 
 

• Anticipating little or no maintenance 
• 15 year life expectancy with minimal lumen loss 
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The Process to getting there 
 

• Acceptance/Approval Process-  The Easiest part 

 
• City/town requests for LEDs 
 
• Track record: EEC Success 

• 800 Commercial Lighting Rebates 

• $2 Million in LED rebates 

• 5MW of Energy Savings 

• Coop recognition with peers and members 

 
• Payback    

• Initial anticipated Payback 7 Years 

• Maintenance/labor savings 
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Initial Projected PAYBACK 

Replacement of 

2,100 Street 

Lights 

Annual kWh 
Annual Cost 

of Power 

HID Lamps 
      

2,440,809  $234,042 

Lumen for Lumen 

LED Replacement 
      

1,153,106  $106,745 

PROJECTED 

ANNUAL 

SAVINGS 

      

1,150,665  $127,297 
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Manufacturer Selection    

•  Technical specifications 

•  Competitive pricing 

•  Manufacturer reputation 

•  Product performance 

•  Support / Responsiveness 

•  Local Referrals 
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Challenges to installation 

•  Internal:  

• Operations:  Number of lights to inventory 

• Ownership, light counts, sizes, types and 

Billing.   

• Installation- Internal or sub-contractor 

• Replacement sizing of LEDs,… A new 

Paradigm 
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Goals to Illumination 
 

• Guidelines used, IES RP8 Standards 

• Existing HPS lights exceeded or did not meet safety 

guidelines 

• Overconservative about safety   

• Reduce SKU’s 

• Result could be replacing lower lumen HPS with higher 

lumen LED 

• Lessens learned:   

• SKU’s need to be well thought through 

• Accurate count of inventory 
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Field Test – 100 Luminaires 

GOAL:  

Reducing lumens 

while surpassing 

standards for 

pedestrian and 

roadway safety 
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Lessons Learned from Field Testing 

Vendor  1 

Pole – 28’ 

Under – 2.6, middle,2.4, 40’ – 1.5 

 

Vendor 2  

Similar FC, but too much  

backlight 

PHOTEMETRICS 

Large Intersections 

Small Intersections 

Highways 

250 HPS 

73 W LED 
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New Photometric PAYBACK 

Replacement of 2,100 Street Lights 

Annual 

kWh 
Annual Cost of 

Power 

Initial Annual 

Savings 

      

1,150,665  $127,297 

With New 

Photometrics 

         

610,076 $58,498 

 

SAVINGS WITH 

NEW 

PHOTOMETRICS 

      

1,768,182 $165,243 
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Communication and Marketing 
 

• INTERNAL- Presentation on Features and Benefits to: 

• Employees, Staff, Operations, Engineering  

• Board members 
 

• EXTERNAL- 

• Meetings with City contacts   

• Presentations to Town Council  

• Press Release 

• Article in monthly magazine, CCL 
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Challenges to Installation 
 

 

• Dark Sky Hurdles 

• AMA, Dark Sky warnings and 

recommendations 

• Educate, Compromise, Concession 

• Operational and City acceptance 
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LED STUMBLING BLOCK 
 

 

•  Initial Customer reaction 
• Too much light 

• Too Bright, too WHITE 

• Light Trespass 

• Don’t want light at all  
 

 

• Initial City/Town Reaction 
• Over reactive, failure to get information 

• Handling Calls from customers 

• Forwarding information to LPEA to address.   
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Customer Service FAQ Sheet 

• Why is LPEA making this lighting changeout? 

• Will my bill be reduced on the new LED rental lights? 

• The new lights seem brighter than the old ones.   

• How will this affect the light pollution?   

• The light has a glare from my window   

• What’s the right amount of light?   
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Customer Service FAQ Sheet 

• Why is LPEA making this lighting change out? 
 

• There is 70-80% energy savings using efficient 

LEDs.  The new street lights will last 15 years with 

little or no maintenance.   
 

• The reduction of energy usage reduces our 

operating costs and saves our members money.  
 

• This aligns with our mission statement of providing 
reliable power (street lights always on) and being 
environmentally responsible. 
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Customer Service FAQ Sheet 

• The new lights seem brighter than the old ones.   

• The old technology was inefficient and degraded 
quickly, often recycling and burnt out.   

• The new LEDs, will consistently function at peak 
performance, which was not the case with the 
old technology.    

• How will this affect the light pollution?   

• All lights have no up light greater than 90 degrees 
with minimal backlight and glare, meeting 
recommendations of Dark Sky Consortium. 

• The color or hue of light meets Dark Sky 
recommendations of 3,000 kelvin (k) or less.    
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250HPS 
143W LED  

Color/Hue: 3000 Kelvin 

 City 

Market 

LED 3k 
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Customer Service FAQ Sheet 

 

• The light has a glare from my window, what can 
you do?   

• We have backside and side shields that can be installed 

upon customer request.   

• At 10pm when pedestrian traffic is reduced, the photo 

sensor will begin dimming the light to 50%, still providing 

the proper amount of light but reducing light pollution 

during bedtime hours. They will be back to 100% by 5am.   
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Dimming Photocell 
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Dark Sky Compliance 
• “BUG” (TM-15-07) Rating (Backlight, Uplight, Glare) 

• No Uplight (above 90º) 

• Minimal Backlight and Glare 

• Example:  50W (Small) B1, U0, G1 

 

• Dimming Photo Sensors 

• Residential:           50% at 10PM 

• Business:  50% at Midnight 

• Major Roadway: 30% at Midnight 

 

• Color/hue: 3,000 Kelvin 
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City/Town/Member Savings 
 

 

•  Some lights downsized from “medium” to “small” 
• Savings from $24.08 rate to $16.99 rate 
• Savings accumulate as exchanges occur 
 

• Savings from LED fixtures will create further 
savings 

• Reduced energy consumption and 
maintenance should reduce all rental light rates 
in 2019 by approximately 25% 

 

• City of Durango Annual savings of $5,000 - 
$10,000 a year   
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FINAL PAYBACK 

Replacement of 2,100 Street Lights 

kWh Savings      1,900,000.0 

Annual Cost of Power      $180,000.0 

CO2 reduction  3.0 Million lbs. 

Payback for Coop 5.0 Years 

75% reduction including downsizing, new  

photometric’s, and dimming 
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LESSONS LEARNED 

 
 

•   It’s a process;  From buy in to installation 

•   Assume billing/inventory inaccuracies and issues  

•   Use IT for accountability tools, “Workforce, 
Survey123”  

•   Just because it’s installed doesn’t mean it’s the 
right light 

•   Anticipate/Plan for potential problems ie. Kelvin, 
shields,           photocells 
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Thank you for the opportunity.   

For questions, please contact Bobby 

BobbyBrooks@Eaton.com 770-486-3071 

mailto:BobbyBrooks@Eaton.com
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