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Executive Summary

Background

The findings from testing done on the dimming capabilities of dimmable LED recessed downlight
show that large differsniceeffectiveness (Lux/Watt) exist between manufacturers. All three
fixture types tested exhitstadoth and continuous dimming from full to minimum light output.
The Cooper Halo had the widest dimming range of 100% to 10% illuminance. The Cree was
dimmable from 100% to 21% illuminance and the Juno had the narrowest range of dimming fror
100% to 24#tuminance. The Cree had the highest average effettitehdss/Watt. The

Cooper Halo was next best at 7.5 Lux/Watt and the Juno was lowest at 6.8 Lux/Watt. Of the thre
fixture types tested, the Cree LED Lighting fixtures were found toiohaveersliper

performance due to the combination of good dimming capability and high effectiveness.

Progress Energy has voiced an interest in determining the dimming capability of LED lights tha
were advertised as dimmable. Progress Energy thadh lacceptable dimming performance on

earlier generations of dimmable LED recessed downlighting fixtures in a few restaurant and hote
installations.

As 6inch downlights are a very common form of lighdimgbiridings, this form factor of
luminairgvas chosen for the testing done in this report. Three Energy Star certified fixtures from
different manufacturers were gfasdimming testing since full power Energy Star testing data
already existed for these fixtures. Lutron dimmer switdiesavberause Lutron had

already tested the compatibility of their dimmer switches with the selected LED fixtures. Also, thi
manufacturers of the selected LED fixtures had listed Lutron dimmer switches as compatible ot
their specification sheets.

LED Dimming Test Report |1



Methods

In order t@resent a consisténiinairgest environment with as little ambient light and/or
reflection from interior surfaces as postifle,8® | i ght boot h was assen
reported herdoints in the panels were sedtledaulk and the interior was painted flat black. A

door was attached to the booth for access to the interior andsueesddesewere passed
throughsmall openings in the walls of the booth at near floor level. A flat black table was
constructed anded as a testing surface. The table was 2.5 feet in height (5.5 feet from the light
source being tested) and had a rectangular surface area of aftoximatedyght of the

table and itssiance from the light soursemmesant to simulate that of a seated working surface
underneath an eight foot cellmglight sensor used was centered testtherfacdeveled

and centered underneatiutinnairbeing tested.

According to the IESNA7BRIB test standard, itéguired that theminairéo be tested be
stabilized for as long as eétamachieve less that +0.5%ti@an in its light output pmaer
consumption for three consecutive measurements taken 15 minutes apart. This stabilization

procedure was undezxtakefore eatiiminairevas tested.

One of the issues associated with testing LEDUightloeitability of the phistector used

in the tests to match the photometric response of the human eye. If this response is far from that «
human vision thest results can be markedly different from true values due teb#me narrow

nature of light produced by LED sources. Because of the sensitivity of test results to the quality c
the light sensor used, AdedrBergyuseda LICOR |-210 photometrimser and associated

light meter in an attempt to maximize measurement accur8RTensdr was found to

have the closest match to the photometric response of the human eye of all sensors within the
scope of this project.

In figure, X figurativechematic of the test setup used in this study can be seen. Relative position

of light and sensor can be seen and all test equipment used is listed here. In figure 2, a
photograph, taken in the Advanced Energy lab, of the test setup (diagrainednirbéigure 1

seen. The plywood light booth, electrical connection box, lab computer, light meter and powel

meter are all visible. TLimeimireunder test can be seen mounted in the top of the light booth.
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Figurel: Schematic of Tese&ip
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Figured shows thimterior of the light booth including the powémadender test, the testing

surface used, the light sensor and the flat black painted interior. Figure 4 shows the electrica
connection breakout box hethrdltage clamgasd micr€T (current transdy@dtached to the

circuit. The dimming switch can be seen below the electrioal lmoxnEigure 5 shows a

closeup of the lab PC, theCOR light meter and the Fluke 1735 power logger used during

testing.
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Figure2: Complete Test Setup and Light Booth Exterior
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Figure3: Light Booth Interior and Testing Surface

A"Zﬁ@ LED Dimming Test Report | 4



Figured: Electrical Probe Connections and Dimmer Control

Figureb: Test Metering Equipment

Ll (1),
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The test equipment used in the testing presented is listed, for reference, in table 1 below.

Tablel: Measurement Equipmérgtails

; Model : Calibration Equipment
Equipment Type | Manufacture Serial Numbel
Number Date Accuracy
Power Logger Fluke 1735 S0745001078 10/05/2009 | + 1.5%
LightSensor LFCOR LI210 PH8895 10/28/2009 | + 5%
Light Meter LFCOR LF250A 2410 10/28/2009 | £ 0.4%
Hobo Pro V
Temperature Loggq Onset 2281736 Decb,2008 | +0.32°F@ 77°H
(U23001)

All luminaries were stabilized as previously stated. Upon stabiliZatioinaiesds

measured at 100%, 75%, 50%, 25%niaidunmPbs of maximum electrical powpon

completion of stabilization. In addition, the dimmer switch position was noted at the point that
dimmingdgan to occur (known herein as dimming initiation).
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Results& Discussion

Theobserved values of greatest interest from the testing lcaveplbeted cataloged in table 2

below. Here, the luminbaedware testad listed versus several measured parameters of
interest. The maximum (100% dimmer deflection) and minimum (0% dimmer deflection)
illumination levels measured at 5.5 ft fronh sbedoghcan be seen.

The maximum and minimum power demand is listed for each set of hardware tested. In additior
the dimmer deflectianwhich dimming was initisdidted (this valueswet recorded for the

Cooper Ha 91161 test). The aveefgetivenedof the light source, reported as (axB/B

ft from the light source), and #ragatemperature during the test (not recorded for the Cooper

Halo 91150) can also be found in.table 2

From the values listed in table 2 it is clds atuminair@roduced the highest light output
level at the gelocation for the power demand produced. The remaiBidixtuoesad
average effectivenesses thatsiveilato each other and less than Cree.

TheJunduminaireroduced the lowest oveffdttiveness and dimming capasititg range
of possible light levels available was less than for either of tHerothardwdestethe

remaining tvixturesiad similatimming capability

1 The effectiveness value reported here is not meant to be confused with fixture efficacy. Fixture
efficacy is a ratio of the total light output froninthiegersus the power demand of the device

and requires an integrating goniosphere (or simtlaryl@opipment) to measure accurately. It

also should not be confused with efficiency as this is a dimensionless quantity referring to the
power of light energy emitted versus electrical power consumed.
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Table2: IndividualTest Segment Measurement Results

_ : : Dimming Average
LEDFixture Max Min Max Min _ Average
. Initiation Effectiveness
Tested llluminancélLux) Power (W) » Temp (°F)
Position(%FS) (Lux/W @ 5.5ft)
Cooper Halo
ML706830: 101.6 99 |143| 14 N/A 7.4 64.7
SN-91161
Cooper Halo
ML706830: 103.8 10 14.2| 1.3 83 7.5 N/A
SN-91150
Cooper Halo
ML706830: 102.7 | 10.6 | 143| 14 83 7.5 67.5
SN-91152
Cree LR6
1169 | 244 | 9.1 | 24 95 11.2 67.9
SN- 00090
Cree LRG6:
116.4 | 247 | 91| 24 92 11.3 69.4
SN- 00077
Cree LRG6:
1159 | 247 | 91| 25 94 11.1 69.5
SN- 00109
Juno IC22LEEK
66.5 158 | 99| 23 94 6.7 70.7
AE SN 1
Juno IC22LEEK:
69.5 16.7 | 10.1| 2.4 94 6.9 70.5
AE SN2
Juno IC22LEEK:
66.5 149 | 10.0| 2.2 94 6.7 71.0
AE SN 3
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Infigures, below, a plot of teerage illuminarafeeachuminaireimmecombination type vs.

dimmer position can be sBenilar performance at all dimmer positibassean for both the

Coger Haliskylarkand theCreefkylarkhardwareombinatien Significantly lowsrerage

illuminancean be seen for thenodNTELV hardware combination. From this chart it is evident

that the only real difference betweeGreleéRBylark andCooper Hakylark hardware

combinations is tlexeeFkylark allows a little more light output at the rdesimamposition

and CoperHaldSkylarlallows slightly lower minimum dimming capability.

Figure6: Average llluminan¢eux)vs. Dimmer Position (% FS)

120.0

100.0

80.0

60.0

40.0

Average llluminance (Lux)

20.0

0.0

=4=NTELV Dimmer and Juno
==Skylark Dimmer and Cooper Halo LED
Skylark Dimmer and Cree LR6 LED

I
IC22LED-3K LED

/

/

0%

20%

40%

60% 80%
Dimmer Position (% Full Scale)

100%

Adggg/ge@

LED Dimming Test Report



Adggg/ge@

In figure 7, below, a plot of the average power demand of achirthimeoenbinatiogge

vs. dimmer position can be seen. Similar performance at all dimmer positions can be seen for bot
the Skylark/Cree combination and the NTELV/Juno hardware combinations. Significantly highe
average power demand can be seen for the Skylark/Coamkvatalodmbination.

Figure7: Average Power (W) vs. Dimmer Position (% FS)
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In figure 8, below, a plot of the average effectiveness of eaghidamemribination type

vs. dimmer position can be seen. Similar performance at all dimmer positions can be seen for bot
the Skylark/Cooper Halo combination and the NTELV/Juacdratdnations. Significantly

higher average effectiveness can be seen for the Skylark/Cree hardware combination (especially
hi gher di mmer positions). Because of t he
effectiveness and hiiyfnming capabilitappears to be the superior hardware combination of all
combinations tested.

Figure8: AverageeffectivenesgLux/W @ 5.5 ft) vs. Dimmer Position (% FS)
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IndividuaLuminaireTest Results
Cooper HaMLD6830: Serial Numb@t161
Results from testing done on a Coopéurilakiréserial number LED 91161) with a Skylark

dimmer can be seertaible 3and figure 9 below. The point of dimmer travel at which dimming

begins (dimming initiation) was edtfoothis test case.

Table3: TestResultsfor Cooper HalL70683®erial Number91161

Test _I?ri;nvrgle " Power Voltage Current lluminance Power Effectiveness Temperature
% FS) Factor (V) (A) ) (Lux/W) (°F)

1 100.0| 0.952 113.4 0.132 101.6 14.3 7.1 64.7

2 66.7 | 0.940 83.7| 0.122 69.8 9.6 7.3 64.7

3 58.3| 0.922 68.9| 0.107 51.3 6.8 7.5 64.7

4 20.0| 0.904 45.1| 0.080 24.9 3.3 7.6 64.7

5 0.0| 0878 27.7 0.056 9.9 1.4 7.3 64.7

Figure9: Test Results for Cooper Halb706830: Serial Numb@t161

120 ' ' °
=8=Dimmer Travel (% FS)
=f-1lluminance

‘ Temperature (°F) - 14 =

100 ==Power (W) | =

—iEffectiveness (Lu/W) || 5 =
= 8
3 80 5
: - 10 £
c | E
5 60 l : :‘“
2 EJ
S -6 @
g 40 E
m
= R
- 5
£ 20 :
£ L2
£ ]

0 0
0 1 2 3 4 > 6 !
Test

M'E’ﬁ'g'/gf@ LED Dimming Test Report |12



Cooper Halo M16830: Serial Numb@t 150
Results from testing done on a Coopéurilakiréserial number LED 91150) with a Skylark

dimmer can be seetainle4 and figure 10 bel@imming initiation was found to take place at
~83% of fedkcale deflection.

Tabled: TestResultsfor Cooper HalblL706830: Serial Numbgt150

Test _l[?rizvngle " Power Voltage | Current lluminance Power Effectiveness
(% FS) Factor | (V) (A) (W) (Lux/W)

1 100.0| 0.955| 111.9| 0.133 103.8 14.2 7.3

2 68.0| 0.%47 88.6| 0.127 79.7 10.7 7.5

3 58.0| 0.929 70.2| 0.108 54.3 7.0 7.7

4 40.0| 0.904 47.4| 0.082 27.9 35 7.9

5 0.0| 0.880 27.6| 0.055 10.0 1.3 7.5

FigurelQ Test Results for Cooper Habh706830: Serial Numb@t150
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Cooper Halo MI6830: Serial Numb@t 52

Results from testing done on a Coopéurilakiréserial number LED 91152) with a Skylark
dimmer can be seetiaile 5 anfigurel1below. Dimming initiation was found to take place at
~83% of fedcale deflection.

Tables: TestResultsfor Cooper HalblL706830: Serial Numb8t152

Test ?:?Vrgle " Power Voltage Current lluminance Power Effectiveness| Temperature
) Factor | (V) ()] (W) (Lux/w) (°F)

1 100.0 0.9 113.2 0.1 102.7| 14.3 7.2 67.7

2 70.0 0.9 87.9 0.1 78.1 10.7 7.3 67.6

3 60.0 0.9 69.8 0.1 53.9 7.1 7.6 67.5

4 35.0 0.9 47.3 0.1 28.3 3.6 7.9 67.5

5 0.0 0.9 27.9 0.1 10.6 1.4 7.7 67.5

Figurell Test Results for Cooper H&lb706830: Serial Numb8t152
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Cree LR6: Serial Numi@&090

Results from testing done on a CrekihRéiréserial number LED 00090) with a Skylark
dimmer can be seetiainle Gndfigurel2below. Dimming initiation was found to take place at
~95% of fedtale deflection.

Table6: TestResultsfor Cred_.R6: Serial Numbe®0090

?:232? " Power Voltage Current lluminance Power Effectiveness Temperature
(% FS) Factor (V) (A) W) (Lux/W) (°F)
1 100.0| 0.819 113.3 0.098 116.9 9.1 12.9 67.9
2 72.0| 0.717 94.3| 0.102 82.9 6.9 12.0 67.9
3 50.0| 0.735 62.1 0.100 50.6 4.6 11.1 67.8
4 0.0| 0.839 31.7 0.092 24.4 24 10.0 67.8
5 0.0| 0.839 31.7 0.092 24.4 24 10.0 67.8

Figurel2 Test Results for Cree L&rial Numbel00090
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Cree LR6: Serial Numig&¥7

Results from testing done on a CrekihRéiréserial number LED 00077) with a Skylark

dimmer can be seetainle 7 anfigurel3below. Dimming initiation was found to také place a
~92% of fedcale deflection

Table7: TestResultsfor Cred_.R6: Serial Numbe®0077

Test ?:232? " Power Voltage Current luminance Power Effectiveness Temperature
(% FS) Factor | (V) (A) (W) (Lux/w) (°F)

1 100 | 0.817 1145 0.097 116.4 9.1 12.8 69.3

2 72| 0.711 94.3| 0.102 81.7 6.8 11.9 69.3

3 51| 0.731 62.3| 0.099 50.2 45 11.1 69.5

4 0.825 32.5| 0.090 24.7 2.4 10.2 69.7

5 0.825 32.5| 0.090 24.7 24 10.2 69.7

Figurel3 Test Results for Cree LB&rial Number00077
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Cree LR6: Serial Numl@€i09

Results from testing done on a CrekihRéiréserial number LED 00109) with a Skylark
dimmer can be seetainle 8 anfigurel4below. Dimming initiation was found to také place a
~94% of fedcale deflection

Table8: TestResultsfor Cred_.R6: Serial Numbe®0109

Test ?:232? " Power Voltage Current lluminance Power Effectiveness Temperature
(% FS) Factor | (V) (A) (W) (Lux/w) (°F)

1 100 | 0.821 113.6 0.098 1159 9.1 12.7 69.4

2 74| 0.717 93.2| 0.102 80.7 6.8 11.8 69.5

3 51| 0.739 62.0| 0.100 50.0 4.6 10.9 69.5

4 0.840 32.3| 0.091 24.7 25 10.0 69.5

5 0.840 32.3| 0.091 24.7 25 10.0 69.5

Figurel4 Test Results for Cree L&rial Number00109
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Juno IC22LEEK AE Seridllumber1

Results from testing done on a Juno IRILEDNairgserial number 1) with a NTELV
dimmer can be seetiaisle 9 anfigurel5below. Dimming initiation was found to take place at
~94% of fedcale deflection.

Table9: Test Resultéor JunolC22LEBK: AE Serial Numbet

Test _?:21\/2'8 " Power Voltage Current lluminance Power Effectiveness| Temperature
(% FS) Factor | (V) (A (W) (Lux/W) (°F)

1 100 | 0.969| 109.1| 0.0940 66.5 9.9 6.7 70.8

2 54 | 0.967 87.8| 0.0880 49.7 7.5 6.7 70.7

3 21| 0.956 58.7 | 0.0890 324 5.0 6.5 70.7

4 0.940 32.8| 0.0820 16.9 25 6.7 70.6

5 0.931 31.5| 0.0800 15.8 2.3 6.7 70.6

Figurel5 Test Results for Juno IC22EBDAE Serial Numbet
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Juno IC22LEEK:AE Seridilumber2

Results from testing done on a Juno IGRILEDNairgserial number 2) with a NTELV
dimmer can be seetmainle 10 anfijurel6below. Dimming initiation was found to take place at
~94% of fedcale deflection.

TablelQ TestResultsfor JunolC22LEEK: AE Serial Numbez

_I?ringrgler Power | Voltage Current lluminance Power Effectiveness| Temperature
(% FS) Factor | (V) (A) (W) (Lux/wW) (°F)
1 100 | 0.968| 109.3| 0.095 69.5 10.1 6.9 70.8
2 53 | 0.966 88.0| 0.088 51.4 7.5 6.9 70.5
3 22| 0.958 58.4| 0.089 333 5.0 6.7 70.5
4 0.937 325 0.084 17.4 2.6 6.8 70.4
5 0.923 31.4| 0.082 16.7 24 7.0 70.4

Figurel6 Test Results for Juno IC22EHD AE Serial Numbe2
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Juno IC22LEEK:AE Seridilumber3

Results from testing done on a Juno I&RILEDNairgserial number 3) with a NTELV
dimmer can be seetmainle 11 anfijurel7below. Dimming initiation was found to take place at
~94% of fedcale deflection.

Tablell Test Resultfor JunolC22LEEBK: AE Serial Numbes

?:?Vrgle " Power Voltage Current lluminance Power Effectiveness Temperature
) Factor | (V) (A) (W) (Lux/w) (°F)
1 100 | 0.976| 109.4| 0.094 66.5 10.0 6.6 71.0
2 53 | 0.972 88.5| 0.088 49.9 7.6 6.6 71.0
3 22 | 0.959 59.0| 0.089 325 5.0 6.5 71.0
4 0.939 34.3| 0.078 17.2 25 6.8 711
5 0.943 31.6 0.074 14.9 2.2 6.8 71.1

Figurel7 Test Results for Juno IC22EHD AE Serial Numbes
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Appendix A Data on Luminaries Tested

Tablel2 LuminaireDetails from Energy St@ertification

Manufacturer Brand Model Luminaire Wattage Light Rated | Power Color
Efficacy Output  Lifetime Factor Temperature
(lumens/Watt) (lumens) (hours) (Kelvin)

Cree Cree LR6 58.5 12 673 35000 | 0.97 | 2700

Cooper Halo ML706830 | 45.8 15 633 25000 | 0.967 | 3000

Juno Juno IC22LEB3K | 38.5 14 518 35000 | 0.9 3000

Appendix B Data orFixturesDimmersl ested

Manufacturer

Tablel3 Dimmer Details from Lutron TestReports

Brand

Model

LEDLuminaireDriven

Measured

Light OutputRange

Adggg/gec@

at (www.energystar.jj(pdated On October 16, 2009)

3 Data taken from Lutron LED Product Report Card
4Model Number actually tested was LR6C
5Model Number actually testedl C22L EBSK

LED Dimming Test Report

Lutron Skylark| SF10RWH Cree LR6 22%- 90%
Lutron Skylark| SF10RWH Cooper Halo ML70638( 15%- 99%
Lutron Nova T | NTELM00 JunolC22LEBK 11%- 74%
2Data taken from Ener §yARBt QualwiebisedeRe¢eabdent

|21
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Appendix @ Lutron Report Card for the Cooper Haminaire

¢

A

Manufacturer:

Applicable Model Mumbers:

#LUTRON.
LED Product Report Card

Cooper { Halo
ML706830

Manufacturer's Description

Type of Fixture:

Recessed Downlight

Operating Voltage: 120 Vac
Input Power: 14.8 W
Current: 123 mA
Frequency: 50/60 Hz

Control Types:

Dimming Range:

Cutput Power:
Lumens:

Standard Incandescent Dimming, Electronic Low Voltage, Fluorescent
5% - 100% with incandescent dimmer

NIA

662 Im (with the White Reflector trim ring)

Lutron Test Results

Date Tested: May 13, 2009
Model Number Tested: MLTOG5830
Smooth and Continucus:  Yes

Test Motes: Testing and Recommendations based on 60 Hz frequency.

Lutron Recommended Compatible Products

Fixtures Measured
Product Part Number per Light Out Put Comments
Dimmer Range "
Diva DWELY-300P 1-15 G% - 99% Delay at low-end possible
Maesiro MAELY-600 1-30 12% - 99% Delay at low-end possible
Mova MLW-600 1-5 9% - 100% Low end trim required
Mova T* MTLY-1000 1-7 10% - 95%
Mova T* MTELY-500 1-30 10% - 95%
Skylark SF-10P 1-8 15% - 99% Low end trim required
Wiert YTELY-G00M 1-30 9% - 99% Low end trim required
ImI:]ainman;gf:nt See comments below
1-60 Reverse Phase Control
Homeworks | HW-RPM-44-120 per output 5% - 100% Max. 98 fixtures per module
Low end trim required
" 314 . Max. 14 fixtures per module
HW-RPM-4U-120 per output 5% - 100% Low end trim required
HWD-5NE, HRD-EME 1-256 5% - 100% Low end fnm required
. 1-60 Reverse Phase Control
Cgr;;?:;ﬁc;al LP-RPM-4A-120 per output 5% -100% Max. 96 ﬂx_tures per module
Low end trim required
Interfaces PHEM-WEX ™ 1-95 9% - 100% Low end tim reguired
PHPM-FPA ™ 1-98 0% - 100% Low end trim required

""alues are bazed on light output using the specified dimming confrol, and may not be an indication of the fixture’s full
capability

' Controlled with Ariadni, Diva, Lyneo Ly, Masstro, Mova, Mova T*, Skylark, or Vareo 3-Wire Fluorescent dimmers, or
GrafikEye

Advanedd)
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' Ccontrolled with HomeWorks or Commercial Systems.

Comments: Use of 600 Watt incandescent dimmers will limit maximum number of fixtures to 4, and 7
for 1,000 Watt incandescent. These dimmers do not have low-end adjustment capability so a delay at
furn on will be experenced at the dimmer's low-end setting. Incandescent microprocessor based

dimmers such as Maestro or Abella are not compatible.

The ability to set the low-end trim is available on select 3-Wire Fluorescent dimmers,
Homewaorks, and Commercial Systems products. Refer to product documentation or www lutron.com

for details.
Delayed starts are possible with contrals without low-end trim. Increasing the low-end voltage

will help with performance, but may also result in slightly higher light output at low-end.

Adva@ LED Dimming Test Report |23
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Appendix [® Lutron Report Card ftre Cred.uminaire

il

Manufacturer:

Applicable Model Numbers:

#*LUTRON.
LED Product Report Card

Cree

Manufacturer’s Description

Type of Fixture:

Operating Voltage:

Input Power:
Current:
Frequency:
Cantrol Types:

Dimming Range:

Cutput Power
Lumens:

Recessed Downlight

120 Vac
12W

Mot Specified
60 Hz

Standard Incandescent Dimming
25% - 100% (one fixture)

MNIA
650 lumens

Lutron Test Results

Date Tested:

Model Number Tested:

Feb 25, 2009

LR&C

Smooth and Continucus:  Yes

Test MNotes:

Lutron Recommended Compatible Products

LRE, LRE-GU24, LREC, LREC-GU24

Fixtures Measured
Product Part Number per Light Qutput Comments
Dimmer Range !"
Mova NLW-600 1-8 22% - 90% Low-end trim available
Mova T* NTLV-400VA-CPNO19% 1-8 22% - 90% Low-end tim available
Skylark SF-10 1-12 22% - 90% Low-end trim available
Homeworks | HRD-GND 1-8 21% - 84% Low-end tim available
HWD-GND 1-8 21% - 84% Low-end trim available
HW-RPM-4A-120 1-16 | 530, _1ppo, | Max. 25 per module
per output ' Low-end tnm available
HW-RPM-4U-120 1-25 | 939, qpge | Max. 25 per module
per output ' Low-end tnm available
Commercial || 5 ooniaa-170 1-16 239, _100% | Max. 25 fixtures per module
Systems per output ’ " | Low-end trim available
LP-RPM-4U-120 1-25 239, _100% | Max. 25 fixtures per module
per output ' Low-end tnm available
Interfaces FDI-FTU ¥ 1-16 23% - 96% Low-gnd tim available

"aluss are based on light output using the specified dimming control, and may not be an indication of the fixure’s full

capability

' Controlled with Ariadni, Diva, Lyneo Lx, Nova, Mova T*, Skylark, Vareo, or Vierti Flugrezcent dimmers.

Advanedd)
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Comments: Due to a high Repetitive Peak Current spike, each fixture should be perceived as 75 W
for dimmer loading purposes. The high current spike of a single fixture may create acoustic noise in
the dimmer, which will increase as fixtures are added to the systems. A single fixture can be dimmed
to 20%. However, the low end would need to be raised to provide consistent operation of multiple
fixtures, as well as, help maintain the fixtures’ operation in applications where line noise is a problem.
This higher low-end value would set the low-end output nearer to 25%.

The ability to set the low-end trim is available on select 3-Wire Fluorescent dimmers,
Homeworks, and Commercial Systems products. Refer to product documentation or www lutron.com

for details.

Adva@ LED Dimming Test Report |25
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Appendix B LutronReport Card for the Juhaminaire

_ L UTRON.
fﬂ"ﬂ LED Product Report Card
&r;ufa;turer' Juno

Applicable Model Numbers: IC20LED-3K, ICZ0LED-35K, IC2Z0LED-41K, IC2ZLED-3K,
IC22LED-35K, IC22LED-41K

Manufacturer's Description
Type of Fixture: Recassed Downlight
Operating Voltage: 120/ 277 Vac

Input Power: 14.2'W

Current: 0.128 A

Frequency: 60 Hz

Control Types: Electronic Low Voltage (reverse phase)

Dimming Range:  Not Specified
Cutput Power: NiA
Lumens: 684 |lm (with clear lens)

Lutron Test Results

Date Tested: Mar 30, 2009

Model Number Tested: IC22LED-35K

Smooth and Continuous:  No, due to a slight step in light output between 40 Vac and low-end.
Test Notes:

Lutron Recommended Compatible Products

Fixtures Measured
Product Part Number per Light Qutput Comments
Dimmer Range "
Vierdi VTELV-600M 1-7 10% - 83% Low-end trim available
Mova T* NTELW-600 1-7 11% - T4%
RadioRA RA-ENE 1-6 14% - 64% Low-end start delay
Homeworks | HW-RPM-4A-120 1-15 10%-81% | Max. 25 fixtures per module
per output Low-end tnm available
Commercial || 5 pepiga-120 1-15 10% - 81% Max. 25 fixtures per module
Systems per cutput Low-end tnm available
Interfaces | PHPM-WEBX 1-25 10% - 100% | Low-end trim available
PHPM-PA ™ 1-25 10% - 100% | Low-end trim available

""alues are bazed on light output using the specified dimming confrol, and may not be an indication of the fixture’s full
capability

: Controlled with Ariadni, Diva, Lyneo Lx, Mova, Mova T*, Skylark, or Vareo 3-wire Fluorescent dimmers, or a GrafikEye
' Controlled with HomeWorks or Commercial Systems.

Comments: These recommendations are for 120Vac / 60 Hz operation only.

The ability to set the low-end trim is available on select 3-Wire Fluorescent dimmers,
Homewarks, and Commercial Systems products. Refer to product documentation or www lutron.com

Ad!ﬁ@ LED Dimming Test Report | 26



for details. The low-end output would need to be set above 27 Volts AC, based on manufacturer's
recommendations.
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Appendix B Calibration Certificate for Fluke 1735 Power Logger

Certificate No. 4512672

electronics
8203-J PIEDMONT TRIAD PARKWAY
GREENSBORO, NC 27409

CERTIFICATE OF CALIBRATION
FOR

ADVANCED ENERGY
909 CAPABILITY DRIVE STE 2100
RALEIGH, NC 27606

Description: FLUKE, 1735, 3 Phase Power Logger
Serial No: $074500107B6
Dept: NONE

Asset No: Simco ID: 20952-15

PO No: MDIECK092209

Calibration Date: 10/05/09 Calibration Interval: 12 Months Recall Date: 10/05/10

Atrrival Condition: Service:

MEETS MANUFACTURER'’S SPEC’S. CALIBRATED & CLEANED
Procedure: GSO MFR MANUAL
Temperature: 70°F Relative Humidity: 49%
Standards Used: Intvl
Type SimcoID DueDate  Mos Acc/Unc Trace No.
CALIBRATOR 17826*460 06/24/10 9 DCV +/-11 ppm 817/276744-08
CALIBRATOR 17826*460 06/24/10 9 RES +/-24 ppm 817/277427-09
CALIBRATOR 17826*460 06/24/10 9  DCA +/-91 ppm 817/276916-08
CALIBRATOR 17826*460 06/24/10 9 ACA +/-0.046% 2D6144
CALIBRATOR 17826*460 06/24/10 9 ACYV +/-110 ppm 1252650653
CALIBRATOR 17826*460 06/24/10 9 FREQ +/-2.5 ppm LORAN-C
CALIBRATOR 17826*460 06/24/10 9 PF +/-0.01 LORANC
Detail Of Work Performed:
PROCEDURE USED: MFR MANUAL
P/N 2560330 MARCH 06 REV 1,4/06

Work performed by:
Robert Hutchins -
Electronic Technician D ( 13036 )

SIMCO Electsonics’ quality management system conforms to IS0 9001:2000, ISO/IEC 17025:2005, and ANSINESL Z540-1-1994. All calibrations

are performed using internationally recognized standards traceable to the Intemational System of Units (SEUmits). Traceability is achieved through
calibrations by the National Institute of Standards and Technology (NIST), other National Measyrentént Institutes (NMIs’), or by using natural physical
constants, intrinsic standards or ratio calibration techniques. Instruments are calibrated with-a'fest accuracy ratio of 4:1 or greater, otherwise measurement
uncertainty analysis and/or guard bands are applied during the measurement process. The information shown on this certificate applies only to the
instrument identified above and may not be reproduced, except in full, without prior written consent from SIMCO Electronics. There is no implied
waranty that the instrument will maintain its specified tolerances during the calibration interval due to possible drift, environment, or other factors
beyond our control.

Dated: 10/05/09

Page 1 of 1
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Appendix @ Calibration Certificate forCOR Light Meter
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