IR U.S. DEPARTMENT OF PNNL-22945
Y/ENERGY

Prepared for the U.S. Department of Energy
under Contract DE-AC05-76RL01830

Dimming LEDs with Phase -Cut
Dimmers:

The Specifier’'s Process for
Maximizing Success

NJ Miller
ME Poplawski

October 2013

o

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Bafielle Since 1965




DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor Battelle Memorial Institute, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein (o any specific commercial product.
process, or service by trade name. trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation. or favoring by
the United States Government or any agency thereof, or Battelle Memorial
Institute. The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency thercof.

PACIFIC NORTHWEST NATIONAL LABORATORY
operated by
BATTELLE
Jor the
UNITED STATES DEPARTMENT OF ENERGY
under Contract DE-AC05-76RL0OIS30

Printed in the United States of America

Available to DOE and DOE contractors from the
Office of Scientific and Technieal Information,
P.O. Box 62, Oak Ridpge, TN 37831-0062;
ph: (865) 576-8401
fax: (86%5)576-5728
email: reportsiadonis.osti.gov

Avwailable to the public from the National Technical Information Service
5301 Shawnee Rd., Alexandria, VA 22312
ph: (B00) 553-NTIS (6847)
email: ordersi@ntis.gov <http://www.ntis.gov/about/form.aspx>
Omline ordering: http://www .ntis.gov

@% This document was printed on recycled paper.
(8/2010)



PNNL-22945

Dimming LEDs with Phase -Cut
Dimmers :

The Specifier's Process for
Maximizing Success

Final Report prepared in support of the DOE S&lidte Lighting
Technology Demonstration GATEWAY Program

StudyParticipants:

Pacific Northwest National Laboratory
U.S. Department of Energy

NJ Miller

ME Poplawski

October2013

Prepared for
the U.S. Department of Energy
under Contract

Pacific Northwest National Laboratory
Richland, Washington 99352



PNNL-22945

Preface

This document is a report of observations and results obtained from adigktnonstration project
conducted under the U.S. Department of Energy (DOE) GATEWAY DemonstratiorafProghe
program supports demonstratiarfshigh-performance soligtate lighting (SSL) products in order to
develop empirical data and experience witthie-field applications of this advanced lighting technology.
The DOE GATEWAY Demonstration Program focuses on providing a source of indepehdé-party
data for use in decisiemaking by lighting users and professionals; this data should be considered i
combination with other information relevant to the particular site andcagpiph under examination.

Each GATEWAY Demonstration compar8SL produst against the incumbent technologies used in that
location. Depending on available information and circumstances, the SSL preduatso be compared

to alternate lighting technologies. Though products demonstrated in the GAY Bywgrammay have

been prescreenddr performance, DOE does not endorse any commercial product or in any way
guarantee that users will achieve the same results through use of thesesproduct
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Executive Summary

Solid-state lighting now has a proven record for delivering equivalent lightirigrpence with
improved energy efficiency compared to most halogen, compact fluorescentglamaténsity discharge
lighting systems.Yet a significant barrier to market adoption has been its-piben performance with
existing dimming control systems. Although some lightitting diode (LED) light sources dim as
smoothly as do incandescent lamps, others can exhibit erratic dimming betewito a level that is
unacceptably high; or not dim at all.

There are several dimng techniques in the lighting industry, including Digital Addressabdgting
Interface (DALI), 610V, DMX, and other techniques that separate the communication of the dimming
level to the light source from the AC mawdtage provided to the light sae&. However, the majority of
the installed base of dimming systems use pbas&ol techniques to dim incandescent lamps. This
report reviews how phasmitdimmers work, how LEDs differ from the incandescent lamps that these
dimmers werdnistoricallydesgned to contrgland how these differences can lead to complicatidren
trying to dim LEDs. The issues are often ones of LED source and-ptiadenmer compatibility, rather
than a shortcoming in the LED source itself. Compatiblilégween a specific LED source and a specific
phase-cut dimmer is often unknown and difficult to assess, and ensuring cdiypatils complexity to
the design, specification, bidding, and construction observation phases forilttmgbwand major
remodel projectsln exiging buildings, where LED lamps are replacing installed incandescergémal
lamps for energy savings and longer life, it is necessary to determatberla specific make and model
of LED lamp will meet expectations when controlled by the installed dignsystem(s).

This report provideboth general guidance astepby-stepprocedures for designing phase-
controlled LED dimming on both new and existing projeatswell as realorld examples of how to use
those procedure$he general guidance aims talbee the chance of experiencing compatibilélated
problems, and if possible, ensure good dimming perform&urapatibilityalonedoes not guarantee
dimming quality characteristics such as lack of flicker, smoothoessspecific minimundimmedlevel.
These characteristics are best evaluated by observation, which is why moclagpstesagly
recommended.

This guidance is summarized belawrough order of decreasing confidence:

x Perform a full mockup of every lighting circuit, including all LED souraed dimming controls,
and test over the full dimming range. This provides the best, first-handexqeeof how the
final installation will perform.

x If a mockup is not possible, use a proven combination of LED sources and dirheer. T
recommendation magome from the specifier’s own previous experience, or that of a trusted
colleague, but the information should not be more than six months old, or the sadimener
characteristics may have changed.

x For walkbox installations, specify a National Electrical Manufacturers Assogi@eaMA)
SSL-7A-compliant dimmer along with compliant LED sources. This pairing of camipli
products guarantees a level of compatibility and ensures the dimmer willgadé ke dimming
claims of the lamp or luminaire.

X Spedfy a combination of LED sources and dimming control recommended by the LED source or
dimming control manufacturer, or ideally both. The «wealld examples included in the report
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make extensive use of manufacturer's dimming compatibility data for LE@igis. The
acceptability of the LED source performance in this case is purely based on maeufact
judgment of the dimming quality.

x Specify a 3wire dimmer (which all architectural dimming systems are, but not althvil
dimmers), and derate the cappaf the dimmer. This eliminates most dimroaused
compatibility issues, allowing the LED source to perform to its potentidhds not ensure good
guality dimming, however, because that is limited by the inherent ceigshilf the LED source.

X Specify a phase-control type (e.g., forwgstase, or revergghase) recommended by the LED
source manufacturer, and derate the capacity of the dimmer. This shoutdielisome dimmer-
caused compatibility issues. Again, the acceptability of the LED souragparfce in this case
is purely based on manufacturer judgment of the dimming quality.

The stepby-step proceduredescribehe type of product research that can be done by the specifier to
improve the odds of achieving good dimming performance. This research ancedtation must be
performed for every dimmed load on a project. It is not a simple undertakingiesgeshould be
prepared to spend consideratitee and effort in this task.

Two stepby-step realorld examples are provided to guide the specifier in checking for and
documenting compatibility when using phasmtrol dimming. One example is the Burden Museum in
Troy, N.Y., a GATEWAY demonstration project in construction phase at tieedfrthis writing, and
another is a church in the Hudson River valley in New York where the cotigregas looking for
guidance in selecting LED replacement lamps for their worship space.

Specifiers should consider alternatives to phase-control dimming forsbli2es, such as DALI or
even wirelesgpproacks These also have their positive and negative attribatesyarying (typically
higher)coss, but the use oapproaches thaeparatehe control signal from th&C mains voltagéo the
LED sourcemay result irhigher levels of performanceore preditability, and fewer headaches
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DMX
DOE
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MLV
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SSL

Acronyms and Abbreviations

Digital Addressable Lighting Interface
Digital MultipleX

U.S. Department of Energy

electronic low voltage

halogen infrared

incandescent

light-emitting diode

magnetic low voltage

multi-faceted reflector

National Electrical ManufacturerAssociation
parabolic aluminized reflector
phase-adaptive power module

Pacific Northwest National Laboratory
preset scene controller

root mean square

solid-statelighting
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1.0 Introduction

TheU.S. Department of EnergDOE) Solid-State Lighting(SSL GATEWAY program has been
monitoring installations dfght-emitting diode LED) products for several years, including pan
installed with dimming control§ he dmming performancén these install@onshas varied widely.
SomeLED dimming has beeexcellentalmost indistinguishable from the performance of halogen lamps
or the performance of fluorescent lamps on electronic dimming ballastSAGEEWAY has also
encountered LED productisat

x do notilluminate at all
x do not dim at all
x dim erratically (e.g., abruptly, not smoothly)

x exhibit a limiteddimmingrange, often turning off long before a comparable halogen lamp would
extinguish

x shift undesirably in color as they dim

X remain on, or flaskerratically when they are supposed to be off

x produce objectionabRicker” (i.e., oscillatinglight output, often with 100% modulation)
x produce audible noise.

This report is aimed at helping specifiers achieve the LED dimming reqoirdueir projectshased
on experience from CALiPEResting and GATEWAY demonstration projects. It is focused on the most
common dimming applicatiothe use of phaseontrol to dim integral lamps and dedicated LED
luminaires.lt contains dechnical review ophase-contraflimming provided as background Section
2.0, along with commohED source compatibility issug¢katcan lead to poor performana@nd industry
activities that mayddresshoseissues as the market evolv&&ction 3.0 provides general guidelines and
recommended procedures, as well as examples of both.

Recommended procedures are provided for both new constructionagmaemodel projects, and
for existinginstallations Examples for applying theggoceduesare provided for two projects:

X anin-progress GATEWAY project where LEDs and a new lighting control system are beifiexp
for use in the Burden Museum in Troy, N.Y.

X a project where halogen MR16 and PAR38 halogen lamps controlled by an architbetoniag
system are being retrofitted with LED lamps at a church in the HudsonRiley, NY.

These projects are both in construction, so project performance resuits get available. However,
both are useful as reklide illustrations of the process for evaluating LED lightingqluicts in conjunction
with phasecut dimmers.

! http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/flitketrsheet.pdf

2DOE Commercially Available LED Product Evaluation and Reportingyiaro, http://www1.eere.energy.gb
buildings/ssl/caliper.html



http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/flicker_fact-sheet.pdf
http://www1.eere.energy.gov/buildings/ssl/caliper.html
http://www1.eere.energy.gov/buildings/ssl/caliper.html

2.0 Technical Background

2.1 Types of Dimming Control

There are many approaches to dimming of LED systems, incltiténgse of phaseontrol dimmers
originally developed for incandescent lamps, and dimmers designed for derescigh-intensity
discharggHID) lamps Dimmers using Digital Addressablegdtiting InterfaceDALI), 0- 10V, or other
approacheso control fluorescent loadal require additional wires to communicate the desired dimmed
lighting level to the luminaire, separately from the wires that power thiedimra Theseadditional
control wre(s) add complexity and cost, especially in retrofit installatidosvever they also offer much
more consistent control of the fluorescenHID source and in some cases allow luminaires to
communicate back to the control systéktile theseapproaches are being used to difb prodicts
with some success, and may be discussed in defatluire GATEWAY efforts, this report focusesn
phase-control approaches, which ar@st commoly used in thdighting industry today.

2.2 Phase-Control

Phasecontroldevices commonly referred to as phaseat dimmerswere developed in the 1960s as a
means for safely and cestfectivelydimming incandescent sources, which behave electrically like a
resistor once they have reached a steq#yating temperatur€hesedimmersalter the output of light
sources by modifying theaveformof the AC mains voltagehat powers the sources. This modification
effectivelycombineghe lighting control signakith the input power signal, as opposed to delivering the
control signato the light sourceeparatelyPhasecutdimmersimpart this modification bycutting’ or
removing some portion dhe sinusoidal waveform phase, which reduces themeeatisquare (RMS)
voltageof thewaveform?

The power drawn by an incandescent dogan lamp typically has a nelimear relationship with the
RMS value of its input voltage waveforfor example, a lighgource thatraws 60W when powered by
120Vrms will only draw somewhere in the vicinity of 20-25W when the AC wavefombéan altered
to yield 60Vrms. Since incandescent sources lose efficacy dramatically aseluéyared, the reduction
in light output is much more significant. The same 60W source that outputs 800 whempowered by
120Vrmswill only generate about 40-50 lumens whenARewaveform has been altered to yield 60
Vrms (Figurel).

AVAVANIE. o Tak?

Vims =120V Vs =60V 35-40% Power
5-6% Light Output

Figure 1. The effect of phase-control on an incandescent light source.

! The RMS value of a voltage waveform is a measure of the average signal seesistve foad.



221 Forward Phase-Control

There are many varieties of phasmntroldevices and they go by many names. Forward phase-
control devices,lao called forward phase-cut”, “RIAC”, “leading edge” or “INC” (for incandesceit
dimmers reduce the RMS voltage delivered to the lampdmoving a portiorf the AC wavefornirom
the forward phase, deading edgeas shown ifrigure2 (left). A small patch is cut for slight dimming;
more is cut for deeper dimming.

Magneticlow voltage (MLV) dimmes, which were aginally designed for use with magnetic
transformers, alsosethe forward phaseontrolapproach. However, theypntain additional electronics
to ensure that they do not induce DC currents that could overheat the tremmsfothe dimmer, thereby
leadingto premature failure

2.2.2 Reverse Phase -Control

Reverse phaseontrol devicesalso called feverse phaseut,” “electroniclow voltagée (ELV), or
“trailing edge” dimmers remove a portion dhe AC waveform from the reverse phasetrailing edge
(SeeFigure2, right). Theywereoriginally designed to improve the performance of imitagehalogen
lamps operating on electronic transformers

Figure 2. Forwardphase, or leading edge waveform modification (left) vs. reygrase, or trailing edge
waveform modification (right)

2.2.3 Types of Phase-Control Dimming S ystems

Phasecontrol dimmingsystemscan range from a single wddbx devicecontrolling one group of
lights in a roomto roomsize multiscene preset systeitigt control multiple groups of lightto multi-
room (or even buildingevel) architectural dimming systemd/all-box dimmers are gerally smaller in
size andoadcapacity thamulti-scene or architectural/stemsandaretypically capable o€ontroling
just one load types(g, theycannot be switched in the field from emcandescenbad type to an
electronic lowvoltage load tpe).More sophisticated oatger dimming systems may hdield-
selectable load type, or even the abilitgéme theconnected load type and automatically switch to the
mostsuitabledimming control modeSome waHlbox and architectural dimmers can be modified with an
interfacedevicethat either replicates an input dimming signal on the output of a sdtghércapacity
dimming controldevice, thereby expandirte load size a dimmer can handietrandatesit into a



different dimming signal that is moseiitablefor a different loadype Larger systems can usually
accommodate these interfaces more easily than ebaaltlimmer.

2.2.4 Two-Wire vs. Three -Wire Dimmers

Most simple walbox phase-culimmersrequireonly two connectiongin addition to electrical
ground):one for the inpytoften referred to as the “line” bhot’ wire connection, and one for the output,
also referred to as the “load” atimmed hot” wire connectiorSuch “twewire” dimmers aralirect
replacements for switches found in wadixes. The line wire is connected to the AC mains voltage, and
supplies power to both the dimmer and the light source load(s). The load wirke catries the dimmed
(phase-cut) voltage, supplies power ayhe light source loads. Most loads on an AC electrical circuit,
including all light sources, are connected between an input voltage line antla nge, which provides
an electrical return path for power delivered to the load. Switches anditesdimmers are exceptions,
in that they are connected betweeniaput voltage (source) and output voltage (source), rather than
between an input voltage (source) and neutral (return). This confaurathich effectively places the
dimmer in series with thigghting load, makes it more challenging to power any internal circurittiye
dimmer and stay synchronized with the input AC waveform. When the dimmer is an,ahly draw
power for its internal circuitry during the phase-cut portion of the volayeform. While basic dimmer
circuitry does not require much powerc#n be difficult for twewire dimmers to provide enough power
for advanced features (e.gight lights light level indicatorspr wireless featurgsWhen the dimmer is
off, the series configuration poses a complication for dimmers thdtast# internal circuitry that needs
to be powered. Since the only path for current flow is through the load, the dainowgtry has to obtain
the power it needs without causing the lighting loads to turn on. For incandesaeetss this igairly
simple becausthe amount of current flowing through the lighting load is not enough to cause the
filament to glow.

Threewire dimmers require a third connection toeutral(typically white)wire. The presence of
this electrical return path makesruch easier for the dimmer to power its internal circuitry and stay
synchronized with the input AC waveform. The thvéee configuration is preferred for higher
performamre walktbox dimmers, as well as dimmers with advanced featurdise I0.S, bringing a
neutral wire to walboxes is now required in almost all new and remodel construction. As a ttesulse
of threewire wall-box dimmers is becoming more commonmclitectural dimming systenasorequire
a neutral connection.

2.2.5 Dimmer Loading

All phasecut dimmers have a minimum and maximum load “rating,” which specifieggnk
load range (in watts, historically) over which the manufacturer cldiedevice willoperate as intended
while living up to its lifetime and warranty claims. Minimum ratings degermined by evaluating the
minimumdimmer circuitrequirements for normal operation, while maximum ratings are detertmyned
evaluating the increased stressthe dimmeraslighting loadsare addedThe minimum load for most
installed phaseontrol equipment is typically around 40W, while the maximum load varies6SiwW
for wall-box dimmers, to 1000Wr even 2000W for larger systems.



2.3 How LED Sources Differ fro m Incandescent

2.3.1 Drivers

LED sources differ from their incandescent counterparts in a number af Ways incandescent
sources can be operated directly from AC mains voltage, most LED sources eetylriver”, which is
somewhat (but not entirely) similtr the ballastequiredby fluorescent ash other sources. The LED
driver, which may be integral to the light sourceramost retrofit productsor housedn a separate
enclosurecarefullycontrols the currerdeliveredto the LED emittersWhether separate or integral,
the driver electronics determine the dimming performance of an LED sourcéaVhen the
manufacturer of an LED PAR38 lamp claims dimmability and a minimum dimraired bf 10% for
example, the manufacturer is actually claiming that the driver buoltl lamp can receive a dimmed
signal from a specific type of dimming device and in turn reduce the outthg bEDemitters within
the lampdown to 10% of the full power level.

For LED sources dimmed using phase-control, however, theisgsanore accurately describe
“potential” dimming performance. Actual dimming performance often dependeearhbice of phase-cut
dimmer. The cause of this dependeiscgompatibility between the LED sources and dimmer, rather than
the capability of eitlr. Incandescent sources do not vary in ways that affect their behavigrhage-cut
dimmers soits dimming performance is predominantly determined by the dimmer charactefist
contrast, LED driver circuitry can vary in ways that lead to varying pedocawith different phase-cut
dimmers. Additional compatibility issues are briefly reviewed in tileviang sections

2.3.2  Repetitive Peak Currents and Effective Dimmer Loading

The average power draw of an electrical load connected to AC mains voltage solreeakulated
asthe product of the RMS voltage, the RMS current, and the load power factor. Irusaricdesirces
draw a sinusoidal load current that is in phase with the input voltageressilg they have a load power
factor of oné, and the elationship between power (in watts) @&#IS current is direct and simple. LED
driversare fundamentally power converters; they draw power from the connectatifd€, and convert
it to a form suitable for the LED emitters they power. There are mwédto construct an LED driver
circuit. One varying characteristic is the method used to draw powerliso®Q mainsDepending on
the method used,ED sourcesandrawrepetitive peak currentbat are significantly higher thaheir
incandescentounterpartsas conceptuallghown inFigure3. It is important to differentiate repetitive
peak currents, which occawerysinusoidahalf cycle(120 times a second for 60Hz electrical systems
from inrush peak currents, which occur once, when power is first applied to aitalaystemLED
sources commonly have repetitive peak currents that&0& &igher than their RMS current draw, with
someproducts exhibiting much higher ratios. Higher repetitive peak currentsoseecammon for LED
sources with integral driverg.Q., retrofit products) and low power factor LED produdtkile high
repetitivepeak currents can be a major cause of audible noise in light sources andypltiseners and
radiofrequency interference (RFI) with other electronics, their most signifiogract is typically the
increased effective loading they present to pltaselimmers, compared to the current drawn by
incandescent sources.

1 To first order, power factor (which is measured on a scalelgfi®a measure of how far a load strays from
behaving resistively.



Phasecut dimmershave historically beerated forminimum andmaximum loads based on the
wattage of the connected light sourddsximum load ratings are based on the stress the load puts on
electronic components in the dimmer under normal operations. Component stresadgclepe a
number of things, including the magnitude and waveform shape of the currenigfiitmough it. Tie
maximum load rating of phasecutdimmer controlling incandescent sources is basateaverage
cumrent magnitude, or the power draw of the connelctad. However,LED source drivertiave varying
power factomperformanceand do noall draw similannput current waveformsso neithet ED source
wattage noaverage current magnitude are good proxiefhstresghey put on the dimmer. Thefore,
the maximum load ratings commonly assigned to pbasdimmers baskon the wattage of
incandescent sources is not valid when LED sources are connéuotgett result is that thenaximum
LED loadratingfor a particular phase-cut dimmeill be different fordifferent LED sources, and is not
easily determined from any commonly measured metric, like input power tfis) waeven repetitive
peak current level

While it is not possible to accurately rate phasedimmers for maximum LED loads without the
development of a new metric that characterizes the stress they put on dimmpenents, ratings can
still be generated according to wocstse assumptionSome phaseut dimmer manufacturers have
startel to generatavattagebased_ED-specific maximum load ratings for their new products, based on an
assumption ofvorstcase LED source behavior. Since repetitive peak ceroratvn by LED sources
result in more dimmer component stress than an incandesegoe withthe same current drawED-
specific maximum load ratings are typically lower than incandescent basesr&me commercially
available walbox products have been de-rated by an order of 3-4x; for example, acphdgamer
designed for bdétincandescent and LED sources may have a maximum load rating of 600W for an
incandescentonly) load, and a rating of 150W (60 for an LED (only) load. Some LED lamp
manufacturers provide guidance on the maximum number of lamps that shpuldobea phase-cut
dimmer,either for specific dimmers, drased on some assumption of warase waHlbox dimmer
behavior.For example, a lamp manufacturer naalyise putting no more thanof their7W LED lamps
on a circuit controlled by an incandescdimmer raed for 600W, thereby de-rating the dimmer by about
a factor of 1600/56).

-
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Figure 3. Comparison ofytpical LED (red line) compared to incandescent (blue Inegtitive peak
currents.



2.3.3 Interaction with Two -Wire Dimmers

Threewire phasecontrol dimmers genetlglsupport advanced features gredformover a wide
range of external conditions better than their i@ counterparts, due the presence of a neutkaire
connectionLED sourcesamplify the challenges that twwire dimmers must overcomeED loads can
create series impedances whigipear significantly different from the familiar resistimeandescent
behavioreading to erratidimming performancelhis can also effectively limit the maximum number of
LED saurces that should be used on the dimmer.

LED loads inthe off state may not paghough current to maintain proper operation of the dimmer.
This ismost problematic for dimmers with advanced features, and can lead to chmathanction or
even inoperability. Some LED loads in the off state can accept low levelsefiglout behave
undesirably at higher levels. In some instances, the LED driveimtiaye operation that it cannot
sustain, leading to strobing or erratic flashing beha@orthe LED driver may actually initiate and
maintain a lowlevel of operation, leading to “ghosting”, or the appearance of being on wiken it
supposed to be off. Finally, sorh&D loadsdo not draw enough current over the duration of each half-
cycleto keepsome twewire dimmer circuit elements functionipgoperly, agaikeading to erratic
behavior While this issue was significant in the early days of LEDsaétbeen largely addressed in the
market; newer dimmers can operate at lower currents, and newer LED sourcesaamratio behavior
by drawing extra current at critical timing points, sometimes at thensgpef LED source efficacy.

2.3.4  Continuous product evolution

LEDs are still relatively new to the architectural lighting market,iandvation is still occurring at
all LED component level®roduct evolution is rapid and prodggneration life ishort Newer products
with more sophisticatedED driverstypically perform better with a wider rangéolder dimmersThis
continuous evolution can lead to its own problems, however. For example, an olel@tiga LED
source may only wortvell with a small number of ELV dimmers, while a newer model works wiéh
a larger number of forwasphase dimmersut no longer works well with ELV dimmers.

2.35 The NEMA SSL -7A Standard

A number of challenges must be overcome to successfully dim LEDs with-q@itadienmers,
especially with twewire configurationsTheinstdled base of phaseut dimmers in the U.S. is too varied
to be easily characterizesbit is a considerable challenge for an LED source manufacturer to design a
driver that works well witlall these devicefRecognizinghis as agrowing barrier to LED adoption,
NEMA members decided that the best way to ensomae level opredictable LED source performance
would be to effectivelyeduce the variation over which LED sources and pbasdimmers must
operate, and put limits on some design variables that can lead to unddmfrabler. In late 2011,

NEMA formed the SSE7 committee, which led to the 2013 publication of SSL-Pkase Cut Dimming
for Solid State Lighting: BasiCompatibility”. NEMA SSL-7A containsa set of design specifications that
aims to ensure that one or more compliant LED sources (or, more specific@lighEengines) will

work well with compliant dimmers. LED Light Engines (referred to in theifipation as LLES) are
defined as a combination of one or more LED modules and LED control geargliteg¥Fmote)

designed foan AC mains circuitonnection (i.e. one or more LED modules and a dritgffs desribe

a wide range of lighting products, from screwntegrated lamps to luminaires contamseparate LED



drivers, but notably exclude low-voltage sources that do not connect directlyrnwaisS. The
combination of a lowroltage source and a stdpwn transformer, however, may comprise an LLE.

NEMA SSL-7A contains design specifications for both LLE’s and forwainese twewire dimmers,
as well as tests for determining product compliance with those specifgatibich address marmy the
challengesilt is important to note, however, that NEMA S3R-is forwardlooking, and intended to be
used to design and qualify dimmer and LLE products for use with each other. Itngended to be used
to determie compatibility with existing (norcompliant) pralucts so he compliance of a dimmer or LLE
with SSL-7A does not predict performance with non-compliant products.

An LED light engine or forwargthase dimmer can be deemed S&Lcompliant if two conditions
are met:

x the reliability of the LED light enginand the dimmer are not affected by combining them

x the LED light engine and dimmer meet or exceed the design requirements dpe@@f-7A, as
verified by performing the compliance testing described in the standard.

Compliant dimmers will have maximumad ratings, in watts, based on the waeste LED source
behavior allowed by the SSL-7A specificatidhile SSL-7A should make it easier to determine the
maximum lighting load that can be connected to a compliant dimmer, avoid théainldesehavior tha
can result from LED source interaction with tware dimmersand predict the minimum dimmed level
achievable independent of dimmer make and madébes not address every potential source of
performance variation. A companion document, SSL-7B, may be developed to addressothiogered
by SSL:-7A, such as the shape of the dimming curve.

There are two levels of performance compliance. Type 1 dimmers can be usadywittE type,
and are thus referred to as “universal dimmérgjure4). Type 2 dimmers require additional power for
their internal circuitry, and must be paired with LLE’s that can stgpese demands in their off state.
Type 2 LLE’s can be usedithr both Type 1 and Type 2 dimmers, and are similarly referred to as
“universal”. While asingle Type 1 LLE cannot support the off-state power requiremeat3 ype 2
dimmer, compliant behavior may be obtained by connecting mulfipge 1 LLE's.
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Figure 4. NEMA SSL-7A dimmer and LED Ight Engine(LLE) classifications



3.0 Specification Guidance

This sectiorprovides guidanctor selectingLED products and dimmethatincreassthe chances of
satisfactory dimming performancghe extraup-front work for the designer/engineer will pay back in
reduced problemis the field fewer product returns and exchanges, gnedterclient satisfactiorwith
their energyefficient dimmable LED lighting systemBollowing this guidance req@isadditional design
and construction phasiene for the specifier and project owner to research the products, perrdpsn
full-scale mockups, and diligently chefick productevolution during design and construction phases.
Additional scrutiny of product substitutioisalso warrantedecausa change to either specified.ED
sourceor dimmer may affect compatibilitglter the size of the load that can be dimpwedead to
unsatisfactory performance

3.1 General Guidance for Specifiers

3.1.1  Set Proper Dimming E xpectations

While there is no industry standard definitifmm “dimmable,” the expectatiorfor many isbased on
their experience of incandescent performakli¢ieh even moderate quality dimmers, incandescent lamps
dim smoothlydown to levels welbelow 1% ofnominal lightoutput.At this time, only LEDs with very
sophisticated dimming drivers carefully coordinated with spegifecsesut dimmers will deliver similar
performance. Unfortunately, today’&D manufacturer claims dtlimmable”do not casistently
describethe range or quality of the dimminglany manufacturers provide little in the way of claimed
performance, not even mentionipgtential minimum light level.

Designers and engineers should be diligetrtyiimg to obtainspecific perforrance information from
LED productmanufacturers, while remembering that most claims describe only potemf@ipance.
Actual performance with a phasat dimmer is often dependent on the specific dimmer raakemodel.
Neverthelesdf the lamp ordriver was only designed to dim to 20%, the specifier should not expect it to
do better than thaT.o some extent, it is important to reduce client expectations of dimmif@pance
with LEDs unless significant design effort and expense go into thengelsgystems.

3.1.2 Perform Mockups

To ensurehe highest chance sticcess, mockups are often essential, especially thbenis little or
no firm dimming guidance from the LED productddmmermanufacturer.

X For new installations, specifiers should procureugh of the specific LED lamps or
luminaires to simulate the expected maximum and minimum loading ofudt ciontrolled
by each selected dimmer. With the specific dimmer controlling the cireeitevels should
be raised and lowered@he performancefdhe LED sources should be evaluated over the
entire dimming range to see if the requirements for smoothness of dimmimmum levels
of dimming, etccan be metf there is unacceptable behaviswitch the dimmeto a
differentloadtype €.9.,ELV), if available,and test the dimming performance again
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X For existing lighting circuits, specifiers should procure enough of théfisdeeD lamps or
luminaires to fill every socket used on each unique dimmer control Eeakiate the
performance of the installed LED sources over the entire dimming range talsee if
requirements for smoothness of dimming, minimum levels of dimming, ettecmet. If
there is unacceptable behavior, see if the dimmer can be switched toendifiad type
(e.g.,ELV), and test the dimming performance agén:site experimentation witmultiple
makes and models &ED lamps or luminairesay be the best way fmd a product that
will deliver the desired performancghere is a low chance of damaging itngalleddimme
(or the LED produgtin the short time that this testing occurs.

3.1.3  Duplica te Proven Solutions

Experience is valuable. A specifier who has had a successful installatioa syecific set dfED
sources andimmei(s) within the passeveral monthsanjustify expressig some level otonfidence that
the same combination will work equallell on the next project. Colleagues, manufacturers’
representatives, and othensted specifiers can also be sources of reliable information. It is wige to
aware of or ask about apyoducion changesnadeto lamps, drivers, and dimmers, however, because
any change may affect the dimmipgrformance. Products and their technical specifications may evolve
between the time of ordering and reachingjtiesite.

3.1.4  Specify 3-Wire or NEMA SSL -7A Dimmers for Wall-Box Applications

For new or major remodel projectsneutral wire should be brought toalll-boxes and dimming
system panejsllowing for the specification of @dre dimmers, which can alleviate many sources of
undesirable LED dimming behavidfor existinginstallations where it is impractical to specifyve
dimmers, as is the case for most retrofit applicatithesspecification oNEMA SSL-7A compliant
dimmeis should result in predictable LED source performance, if (and onlylif78ompliant sources
arealso specified.

3.15 Follow Manufacturers’ Recommendations

In instances where mockups are not possible and proven solutiansaseglable, specifiers are
strongly advised tobtain andollow dimming guidance from theanufactures of the LED source(s)
and/or dimmer that theyant to specifyGuidance should ideally include specific combinations of LED
sources and dimmers that exhiibi¢ best possibleehavior,and instructions for determining the
maximum load that can be connected &t timmer.Dimmer loading guidanceay be availablérom
eithermanufacturer, and may come in one of two forms:

X A de-rated maximuntoad rating (in wattsfor the dimmer €.g., 150W instead of 600WJhis is
provided by the dimmer manufacturer for any/all LED sources

X A minimum and maximumumber ofLED sourceger circuit controlled by the dimmer, applicable
for a specific LED sourcgyrovided by the dimmer and/GED sourcemanufaturer

If no maximum dimmer loading guidance is available, the specifier masider proceeding with the
use of a selected line voltaged., INC, but not MLV or ELV) dimmer, dextedby a factor of 510x
(e.g., de-rate a 600W dimmer down to 120-60W; rifiore acgrate de-rating is required, contact the
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dimmer (not LED source) manufacturira precise derating value is not available, either consider
specifyingother products altogether, or use a conservative derating valueSgd Gection 3.2.2.

Specifiers should be wary of manufacturer dimming guidance that is the sainead categories of
dimmers €.g.,all models available from a certain dimmer manufacturer, or all forplaade dimmers).
One approach is to ask what performance claims will &by following the manufacturer’s guidance.
For example, if an LED product cut sheet recommends an ELV dimmer, abk foakimum and
minimum number of products that can be controlled by a specific dimmer, threumirlight output
achievableand whetheany undesirable behaviag.{.,0bjectionable flicker, ofghosting”) can occur
under any particular circumstancéds reasonable also to ask whether the manufacturer is willing to
back upthese performance claims with a written warranty. Trusted raatwrérs that offer support and
warranties can help reduce uncertainty.

3.2 Step-by-Step Guidance for New Construction or Major Remodel
Projects

The process for specifying LED dimming is somewhat different for new armajnodel
installations than it is faretrofit projectsFor a new installation both the dimming system and the LED
product can be varied, while in retrofit installations it is necessdigd LED products that wilperform
as desiredvith the alreadyinstalled dimming systenhn either cas, the process otentially difficult
and time-consuming. The following a recommended procedure for specifying LED dimming for new
construction or major remodel projectiere are no guarantees that the resulting dimmers and LED
products will produce smooth, lolevel dimming However this procedureaises the chances of success
considerablyA stepby-step exampléor the major remodel durden Museum is provided in section
4.2.
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Recommendd procedure for specifying LED dimming foew construction or major remodel
projects

1. Design the lighting layout and seletiie control system:
x Select luminaires and/or lampand dcumentthesein the lighting schedule

x Select the basic control system (make, model, available load tydfedghmers) For waltbox
dimmers, select a brand and style that offers a rangead options such as INC, MLV, ELV, or
has optional interfaces thatllow for the control of MLV, ELV evenO- 10V, as needed

2. ldentify and quantify the LED product(s) used in each dimmer control zone:

x This includes the make and model of LED track head, LED downligeD oeplacement lamp for
achandelier, for example

x Count the number of LEIDminaires or lamps, total the LED system watts on that dimming zone,
and document these in the dimming schedule.

3. Check the current LED produspec shee{on manufacturers website for dimming guidance:

x Look for recommended dimmer model numbers or dinmrtypes €.9.,INC, ELV), as well as
minimum and maximunmecommendechumber ofsourceger singledimmingzone.

x Do this for each integral LED lamp or luminawete this in the luminaire schedule or the
dimming schedule.

4. Checkthe dimmer manufacturer’s wésite for a dimming report for that specific LES»urce If
there is no dimminguidancefrom either party or if there is conflictinguidance then here are
two options:

x Consider selecting a different LED product that is specifically listed for uséhastdimmer, or

x Do a mockup t@valuatedimming performanceSee mockup guidance in Secti®i.2

5. Complete a dimming schedule by zotiat includes the LED luminaire gyptype of dimmer for
zone, maximunpower (in wattslJused per zone, anghinimum/maximum number of lamps allowed
per zone

6. Repeat the steps above for each dimming zone.

3.3 Step-by-Step Guidance for Existing Projects

The following is a recommended procedure for specifying LED dimming for atirexprojectThe
lighting industry is in an awkward transition period at this time, in thatvieng difficult to identify
which LED product will work wellin existing dimmer installations without performing a mockipthe
time of this writing there is navay toguarantee that specificLED product and specifidimmer make
model and setting will produce satisfactory results, evekl productmanufactureliterature suggests
compatibility. However, there are ways to reduseertainty A stepby-step exampléollowing this
guidancdor anexisting church projeads providedin section 6.0.
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Recommended procedure for specifying LED dimming for an existing giroje

1. Identify the existing dimming systerits maximum loadcapacity, and its load type(s):
x Visuallyinspectthe system, orefer to architectural drawings and submittals for the project.

x If possiblepbtainthe relevant technical documentatidnom the dimming system manufacturer
Identify themaximum load capacity (iwatts) of the specific dimmer for the first zone of lighting
(e.g, 1920W) where LED replacement lamps or luminaires are being considergdkeatit the
load type that it is set to control (e.g., INC, MLV, ELV).

2. Identify the installed luminaire for that zone, and its existing lamgife.g, 90W halogen PAFS
40° flood,or 50W 12V halogen MR16 10° spot).
x If the luminaire contains a transformer, note whether it is a magnetic or elattransformer,
andnote thebrand name and model number of the transformer, if possible

3. Identify the LED product(selected to replacehe existinglamp, its wattage, and specifications.
x This is usually an LED integral lamp replacement for an existing track head or dbamlig
chandelier It is important to know the specifications of this LED replacement lamp.

4. Count the number of LERps or luminairegand total watts) on that dimming zone.

5. Check the LED product manufacturevi@bsite for a recommended dimmer typée.g., INC, MLV,
ELV), any behavior description (“dims down to only 208t"example), and the maximum and
minimum number of lamps that are recommended for use wita timmer.

6. Check the dimmer manufacturés websitefor a report on the specific dimmer’s behavior with
the specific LED produclf there is no dimming report available, or if there is conflicting
information, then here are two options:

x Consider selecting a different LED product that is specificabiy it use with that dimmer, or

x Do a mockup to check for compatibility and dimming performa&ez mockup guidance in
Section3.1.2
7.Repeat this process fagach dimming zone.
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4.0 Potential Post-Specification Issues

4.1 Mixing Multiple Light Sources

In a building with lighting track, where one LED track product is used on ligtk inaone area and a
different LED track product is used elsewhehe, specifier shouldonsider whether the users will mix or
swap track heads. itfs a possibility the dimming system may not be able to control both fornpasse
and revers@hase LED products at the same time on the same Zbeke’s a small possibilitthis mix
could result in failure of the LED, driver, or dimnarsome point in the futurét the vey least, the two
types of products certainly wouldn’t dim similarlyis important tceither change the design in advance
to prevent this from happening, or etiscusawith the client how to minimize this possibility.

If the client mixes light sourcam a single control zone, compatibility issues may afise.
combination of different brands of LED PAR38 lamps, halogen lamps, low-voltaggeinduminaires,
and/or dedicated LED luminaires may produce dramatically different dignrates and minimum levels.
Sometimes adding a simple halogen lamp to a circuit may even improve dimragdoeAt this point,
there is no way to anticipate these dimming behaviors withfulit-acalemockup.

4.2 The Effect of T ime, Change, and Substitutions

In architecturatonstruction projects, changes happg&nojects may be delayed for a myriad of
reasonsWhen the projects are resumed, the original products specified may haveoned&D or
driver generation changes dmmermodel design evolution, or both, and pragunay have been
discontinued or modifiedAll of these can affect the careful compatibility work done early irpthgect,
and therefore all LED products should be checked for compatibility witmaligisystems once again
right before the lighting and atrols are purchaset.there are anyubstitutions of dimmes; luminaires,
lamps, or transformers on the project, compatibility needs teevaluatedand in some cases tested
through mockups) and documented. Parties proposing product substitutions should blesaware
additional design team time and cost may be incurred for this evaluatespro
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5.0 New Construction or Major Remodel Project E xample:
Burden Museum

The Burden Iron Works Museum, located in TridlyY., is an 1882 building jewel undergoing
restoration and preservatiorigure5). Mesick Cohen Wilson Baker is the architecture firm that has done
the restoration design work; Quantum Engineering has provided the aledésign.

5.1 Project B ackground

Jan Moyer Design idesigning lighting and controls that wiklebrate the museuntsllection of
horseshoes, collars, knitting machines, rototillers, bells, and othes fri@tethe area’s industrial past.
The lighting will be incorporated into an interactive exhibit aamfuseum floothat will allow visitors to
use a touchscreen to follow the evolution of lighting from gaslight tprésent Figure6). The first
touchscreen seleoti will cause the museum lighting to look like it was at its opening in Decel8Ber
justthreemonths afteThomasEdison opened his Pearl Street Station in southern Manhattan, the first
operational commercial incandescent lighting system in the wdflds will simulate the gaslights in
reproduction chandeliers. A second selection will invoke the lighting chronallygiom early low
wattage incandescent lighting all the way up to dimmable LEDs. Along thetlveatouchscreen will
provide informatiorabout each era’s lighting technology, its effectiveness and efficiencitsand
appearance

= =

Figure 5. The Burden Museum, Trol)Y. (Photo courtesy The Hudson Mohawk Industrial Gateway.)

The Museum has received grants frBmokfield Renewable Powenc. and fronthe New York
State Energy Research and Development Auth(MSERDA) to demonstrate energpfficient solid
state lighting, specifically focusing on the integration of LEDs anttalsnDOE’'s GATEWAY program
has assisted in the selectioncompatible LED and dimming products for the projaat) the
documentation ok design process that is not yet straightforward
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Figure 6. Computer-rendered visualization of the completed intdiffbioto courtesy George Gruel,
Oddstick Studio.)

5.2 Example Controls Design and Specification Process

Until the performance of LED sources with various dimming systems becomesgpmadictable, the
process that follows is one that specifiers can use to mingoinglications and maximize chances for
dimming that meets the client’s expectatiofise following sections outline how the stey-step process
introduced in Section 3 was appliedire Burden Museumajor renovation, and references LieD
products and@ontrols specified.ighting plans and layouts, fixture schedules, and product data sheets are
all provided in the Appendices; the reader may find it easier to follose thteps by printing out the
documents, making them more readily referenced while followiadext.

The specific LED and dimming products described in this example were spétifie12. Many of
them are no longer available becauskED chip generation changes, electronic design chainges
drivers and dimmersr other reasonsiowe\er, the principles and procedures remain current.
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5.2.1  The Main Hall and Entry Area

1. Design the lighting layout and select the control system:
x Select luminaires and/or lampand document these in the lighting schedule

x Select the basic control system (makeydel, available load type(s) of dimmerSpr waltbox
dimmers, select a brand and style that offers a rangead options such as INC, MLV, ELV, or
has optional interfaces thatllow for the control of MLV, ELV or ev@A0V, as needed

This step wasompletedat the Burden Museutny establishing the lighting plan, with realistic counts
and specifications of lamps per chandelier, lamps per traclkndbhED wattage per linear foot of cove
light. Luminaire manufacturer product numbers and LED drivengwll selected, and when luminaires
were identified as “lowoltage” the luminaire schedule identified whether the transformer feeding the
trackwasAC or DC, magnetic or electronic, aitd rated capacitySee theBurden Museum Lighting
Plans and Lumiaire Schedule in Appendicés D. The Lutron Grafik Eye QS Series preset control
system was selected for this Burden Museum préfgmpendix E FigureE.1land FigureE.2). This
systemhas a number of load types and sizes per zone that can be set in the field (SUGHVASMINC
neon, fuorescentpon-dm). Other load types can be controlled by installing an interface (“black box”)
between the dimmer and the load that will allow dimnmohtarger or more complex load typdsl{V, O-
10V, DALI, etc.) Where wallbox dimmers are used, a Lutron Radio Ra produstsetected, which
offers a range of options such as INC, MLV, ELV, or has optional inter{émewiring between the
dimmer and the load) that will permit 00V, if needed.

2. Identify and quantify the LED product(s) used in each dimmer control zone:

x This ncludes the make and model of LED track head, LED downlight, orpl&t2meent lamp for
chandelier, for example

x Count the number of LED luminaires or lamps, total the LED systemamatiigt dimming zone,
and document these in the dimming schedule.

This Burden Museum project has thpgesetscenecontrollers (PSC)(Seethe sample dimming
schedule in Appendik, FigureE.3.) Beginning with the LED luminaires controlled with PSC-1: The
first two zones on the dimming schedule for PSC-1 in Appendvere examinedControl zones 1 and 2
are dimming thewo-circuit track lighting located in the Entry Hall, which uses PAR38 track heads.
There are three runs of track with nine T4 track heads total per @fdtaick The lamping is the Philips
Enduraled 16WPAR38lamp according to the luminaire sched&eeAppendix E,FigureE.4for the
track planFigureE.5for the track head and lamgiimnformation, andrigureE.6for the Philips LED
PAR38 lamp dimming guidange.

3. Check the current LED product spec shémt manufacturer’s websitejor dimmingguidance:

x Look for recommended dimmer model nhumbers or dimmer types (&G, ELV), as well as
minimum and maximum recommended number of sources pegisidimming zone.

x Do this for each integral LED lamp or luminaiete this in the luminaire schedute the
dimming schedule.
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Looking at the Philips PARBlamp’s compatible dimmer lighere are walbox dimmers listed, but
no architectural dimming systems.

4. Checkthe dimmer manufacturer’'s website for a dimming report for that specific LEGurce If
there is no dimminguidance from either partyor if there is conflictinguidance then here are
two options:

x Consider selecting a different LED product that is specifically listed for uséhastdimmer, or

x Do a mockup t@valuatedimming perfornrance.See mockup guidance in Section 3.1.2.

Turning instead to the Lutron dimmer compatibility report card for thisisp®hilips lamp
(Appendix E FigureE.7)revealghat it is compatible with the Lutron QS&D controller. The controller
candim between 1 and 14 lamps per dimming zaite a“smooth and continuougierformanceand the
minimum dimming level is 2%No special interface is needed as long as no more than 14 of these LED
lamps argpowered in a single dimming zor@ecause no special dimmer type is specifirethe dimming
report it is reasonable to assume the default dimmer typeafdrphasesut incandescent, is the
compatible dimmer setting on the QSG-6D. Followiteps, he specifier notes this in Zosel and 2 of
the dmming schedule (Appendix BigureE.3) as step 5, excerptedrigure?.

5. Complete a dimming schedule by zottat includes the LED luminaire type, type of dimmer for
zone,maximumpower (in wattslJused per zone, anchinimum/maximum number of lamps allowed
per zone

PSC-1 Museum Main Hall and Entry Hall, Track Lighting
S - Em;;u e Eixty e Elmg_nj_ga.d_ z R
|_DerrtTeT | Quantity. Track Head
1 Track accent 1 - Entry Hall T4 9 . 16 144 imming mfg
M — Track accent 2 - Entry Hall T4 9 LED integral 16 recommends 1
3 ra L ——— 9 Forl\?vi:rZSFfE;se m——— 144 to 14 lamps per
4 Track accent 2 - West T4 11 Incandescent 16 176 dimmer, smooth
5 Track accent 1 - East T4 11 Dimmer 16 176 dimming down
6 Track accent 2 - East T4 9 16 144 to 2%
TOTAL LOAD (WATTS) 928

Figure 7. Section of dimming schedule for Main Hall and Entry Hall, showing trackitiglzones.

6. Repeat the steps above for each dimmiagne.

The third, fourth, fifth, and sixth channels of the Lutron QSG controller ldBsC-1 are dimming
four circuits of track lighting T4 in thiglain Hall, with the same LED PAF8 lamps, so the same steps
are used to complete the dimming schedulsgpendix E FigureE.3. None of the dimming zones uses
more than 14 lamps, so the dimming should be smooth and contiamauso additional interface is
needed for any of these dimming zones.

To check compatibity for the next group of luminaires, proceed to the dimming scheduRSIG2
in Appendix EFigureE.3.PSC2 controls the Main Hall and Entry Hall chandeliersywed as the cove
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lighting in the Main Hall Appendix E FigureE.11). The same steps are followed, although they have
been combined in the narrative:

1. Design the lightng layout and selecthe control system.

2. ldentify and quantify the LED product(s) used in each dimmer control zone

3. Check thecurrent LED product spec sheén manufacturer's websitejor dimming gudance
4. Check thedimmer manufacturer’s website for a dimming report for that specific LEGurce
5. Complete a dimming schedule by zone.

6. Repeat the steps for each dimming zone.

PSG2's first zone dims the globes of the large chandellerl (seeAppendix E FigureE.8). The
load consists of 12 of the Philips Enduraled 12WED lamps.A dimming report card on the Lutron
website(Appendix E,FigureE.9) indicates this lamp can be operated on a forvpliase dimmer of the
Lutron QSG controller, but the maximum number of lamps per zondHisv@ever, all the lamps can be
operated on a single zone by adding a phase-adaptive power nieldletPA) interface to the zone,
which will convert the forwarghhase voltage modulation of the zone’s dimmer into a larger capacity
dimmer that can accommodale increased momentary load the LED produdriaw from the dimmer
due to repetitive peak currentdis effectively increases the maximum number of lamps allowed on this
zone to 21(The PHPMPA interface is a “black box” wired between the dimmer oujmgt the load,
located in an accessible but outsidht location SeeAppendix E,FigureE.10.)

The second zone on the P8Gimmer switches the ring of amber LEDseiach chandelier globe
(illustrated inAppendix E FigureE.8), which is on-off only control, so the standard non-setting of
the Lutron QS System will handle tlead There are 12 LED rings in the second P&S€ontrol zone.

The third zone on the PSC-2 dimming schedule dims the LED A-lamps of two 6-globe arandeli
12 in all. The 12 lamps exceed thd#@imp maximum listed in the report cattlerefore like the dmmer
for the 12globe chandelier, the PHPRA interfacewill need to banstalled between the dimmer and the
load to increase the dimmer zone capacity.

Zone 4 of the PSC-2 is identical to zone 2, addressed above.

Zones 5 and 6 dim the linear LED stripligliluminaire type L2 mounted in two levels of uplight
coves.(See Appendix BrigureE.11 for the cove lighting plafkigureE.12for the catalog cut, and its
power supply irFigureE.13.) TheMODA LIGHT “SuperFlex” product uses a 24V DC magnetic
transformer plus control circuitry on the secondary side of the trarefdi®eecove lighting plan in
Appendk E, FigureE.11) According toMODA LIGHT's website the product is dimmable using a
TRIAC (forward phaseut) dimmer.That is the standard setting for the Grafik E}8G dimmer zone,
and there is no special limit on the number of LED products used as long @ tfermerfor theLED
load doesn’t exceed the 600W capacity of the dimming zone. (This is one agvahtimming the
magnetic transformer/invertdts maiimum load is calculated solely in watts of transformer capacity.)

That completes the work of designing the control system for the Main Hiel@tny Hall, checking
for compatibility with the LED lamps and luminairdéhe dimming schedule for the PSC-2, showing the
control zones for the chandeliers and cover lighting of the Main Hall and Halirycan now be
completed, s shownin Appendix E, Figure E.3.
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There are other areas in the building where there is dimming to beratedlvith LED products,
butthe products are very similar to those discussed forP&@ PSC-2. Insteathe next section
describes steps followed ¢heck for compatibility in an area that uskeslicated LED track heads

5.2.2  Storage/Collection Area, with Wall-Box Controller and Conflicting
Information

The original bank vault in the Burden Museum is used for storage and aratfiviisgorical
documents, and mdyecome a display space in the fut@alled the Storage space/Vault, it is lighted
with dedicated LED track heads rathigan LED lamps that screw into incandescent sockets.

The room can be found near the top of the plan in Appendix B. Appendix F, Figure F.1, shows an
enlarged plan. On the plan, a wall-box dimmer is shown to dim the type T8, Amerlux CoattcalvV
3x3 LED track headsAmerlux’s catalog sheet says the track head can be dimmed with an electrenic low
voltage (i.e., reverse phasat) ELV dimmer(AppendixF, FigureF.2).No restriction on the maximum
number of track heads is listed.

However, the Lutron report cafdr the same product shows it to be compatible witireewire or
Ecosystem (fluorescent) wallox dimmer, rather than an ELV dimmer, with a maximum number of 59
of these LED trackeads per dimmefAppendix F FigureF.3).

The difference may arise from Amerlux’s offering the track head with twaratpdriverspne with
a Lutron dimming driver and the other with a driver compatible with the @bvWner.This is not
explicitly statedon the catalog spec shektit éther way, the specifier needs guidance in how to specify
the product appropriately.

In this case, the track head was not spechigthe Ighting designemwith the Lutron driver, so an
“adaptivedimmer” from Lutron’s Radio Ra2 line was selected, because that dimmer can autdynatical
adapt to the load and provide an ELV dimming waveform to the track systerm@ppeFigureF.4)

This dimmer requires a neutsaire in the electrical wall box.

A future concerns thee are two kinds of Amerluttack head used on this project, located in two
differentspaces. They are interchangeable on the track syateltihereis a chance that future exhibit
curators and designers will mix the two types of heads (LED track head eofil k€D lamp track head)
on the same traclif so, the Grafik Eye QSG dimmeould notcontrol both forwarephase and reverse
phase LED products at the same time on the same zone, and this could faufeiof theLED, driver,
or dimmer At the very least, the two types of products certainly wouldn’t dim simildity impor@ant to
discusghis with the clientor to choose track heads that use the same dimming method.
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6.0 Existing Project E xample: Hu dson River Valley C hurch

6.1 Background

Four years ago, a church in the Hudson Riadley of New York underwent an architectural remodel
to accommodate new worship approaches, impitsvéurgical relevance, anehhancets overall
appearance and functionalififhe design included an architectural control system by Crestron, which
gavethe worship leaders and musicians great flexibility in light levels and effiget principal lamps
used at that time were halogen MR16s and PAR38s, because these offered theagatessmooth
dimming and supported the liturgical needs of the wprspacgFigure8 and Figured). An abbreviated
luminaire sbedule is shown in Appendix GigureG.1. Note that theMR16 track heads contain an
integral electronic transformer.

In 2013, the church was interested in reducing maintenance frequency on g hatops, reducing
heat from the lamps, and reducing the utility bills. It was importakeep thdamp color asvarm as
possible because of the finishes and artwork imahiship spacd_ED replacement lamps were
suggested, but the facility manager waacerned that the church might not get the same smooth
dimming when the LEDs were combined with the existing control systérat follows is the evaluation
process for the ED lamp recommendations to the congregation.

(Although this is not a GATEWAY demonstration, it is an example of alifegdroject dealingvith
the process of evaluating LED replacement lamps and their performance on ag ekia§econtrol
architectural dimming system. The example is used courtesy of the architeot ahdrch.)



Figure 8. View of altar and platform area, lighted with PAR38 track he@ewesight Architects,
Schenectady N.YRandall PerryPhotography, Schaghticoke, N.Y.)

Figure 9. View of Hudson Rrer valley worship space, showing track mounted to beams with MR16
track heads aimed downward into pews. (Foresight Architects, SchenectagdiRahdall
PerryPhotography, SchaghticokeY.)



6.2 Suggested Approach to Resolving the | ssue of Smooth Dimming
at the Church

For the lowwvoltage MR16 track heagsmed down into the pewExture type T1) for reading light,
there are no perfect LED optiorihe least expensive and most reliable soituis to replace the existing
50W MR16 lamps with halogen infrared (HIR) 37W MR16 lanmijgese lamps are fully dimmable and
should produce nearly the same amount of lightteainsizefor onethird lower wattage They would
dim smoothly down to 1% levets less No adjustments to thgéimming system would be needed.

However, were the congregation willing to accept about 20% less lightlmege for dramatic
power savings and much longer lamp life, a 7W 3000K LED MR16 was propoaacksctive
solution

The following steps are based the assumption that the congregation is motivated to pursue the
LED option.

6.3 Example Controls Design and Specification Process

Following the steps outlined in section 808 existing projects:

1. ldentify the existing dimming system, itsiaximum loadcapacity, and its load type(s)

The dimming systerat the churclis a Crestron GLE dimmer panel with Pac@omtrol panel, 24
channels with 12 preset scenes. Each channel is rated for 1920W and can Bé¢GetioM, or ELV.
The current dimmer settings for the MR16 halogen luminaires is INC, a bphasecut setting

2. Identify the installed luminaire for that zone, and its existing lamgin

The T1 track head used in the first dimming zone igghating Servicesinc. 216-0Q specified with a
50W halogen MR16 lamp and integral 12V electronic transformer (Appendiig@®eG.2). The make
and model of electronic transformer is unknown.

3. Identify the LED product(s§elected to replace the existiniamp, its wattage, and specifications.

The proposed LED lamp is the LED7XDMR16D83085GE lIts cut sheet is shown #ppendix G,
FigureG.3.

4. Count the number of LED lamps or luminair@sd total watts) on that dimming zone.

Consulting the original lighting plan, the number of track heads per dimmesyhut does not
exceed 16.



5. Check the LED product manufacturevi@bsite for a recommended dimmer typée.g., INC, MLV,
ELV), any behavior description (“dims down to only 2086 example), and the maximum and
minimum number of lamps that are recommended for use with dimmer.

Thecompatible dimmer information is seendppendix G,FigureG.4.Because the exact brand of
electronic transformer inside the track heads is unknown, there’s no wagviddncertain whether this
product would dim better on a forwapttase dimmer (MLV) or a reverpdase dimmer (ELV)
However, GE’s dimming compatibility tables suggest ELV is likely to waektwith an electronic
transformer

6. Check the dimmer manufacturé websitefor a report on the specific dimmer’s behavior with
the specific LED producif there is no dimming report available, or if there is conflicting
information, then here are two options:

x Consider selecting a different LED product that is specificabiy list use with that dimmer, or

x Do a mockup to check for compatibility and dimming performa&ee mockup guidance in
Section 4.0.

There was no dimming informatidar this specific lamp on the Crestron websitee dimming
guidance from the GE LED lgmliterature(Appendix G,FigureG.4) suggested that reverphase
dimming was likely to produce the best results, so the congregation wasdtlviry the GE LED lamp
in a mockup, changing the dimmegtting to reverse phadeis wise to try this with only one dimming
zone of lamps, in order to reduce the expense of buying all lamps needed, and to awgitbhaturn
them to the vendor should the dimming not meet the needs.

7.Repeat this process for each dimming zone.

To test another LED replacement lamp type for the Hudson River VallegiGhbe process is
repeatedor PAR38 halogen lamp80W HIR lamps are currently used in track lighting (luminaire type
T5), and 100W lamps used in recessed downlighting (lumingaee@lin Appendix G FigureG.1).

Since the proposed lamps are from the same manufacturer’s family, and arepeeatgdon the same
type of dimmer, they are treatemjether here in each step for checking dimming compatibility:

1. Identify the existing dimming systenits maximum loadcapacity, and its load type(®.

The dimming system is a Crestron GLPD dimmer panel with-@DXV8 dimmer modules, and user
control interface providing 24 dimming zones with 12 preset scEaeb. zone is rated for 1920W and
can be set to INC, MLV, or ELV (and more) loadibe current dimmer settings for the PAR38 halogen
luminaires is INC, a forwarghasecut settingThe maximum capgty for each dimmer is 1920W.

2. Identify the installed luminaire for that zone, and its existing lamgin




The D1 recessed downlights used in this dimming zone are Kurt Versen PARB&Iitas) specified
with 100W HIR PAR38 40° flood lamp%he T5 trackights are made byighting Services Inc. and use
60W HIR PAR38 40° flood lamps.

3. Identify the LED product(s) selected to replace the halogen lamp, itstage, and specifications.

The proposed LED lamps are the Acuity Brands “Acculamp ALSEE®L-45DIM 25W LED” for
the D1 downlights with 100W PAR38 lamps; and the Acuity Brands “Acculamp ALSP38-125DIM
20W LED” for the T5 track lights with 60W halogen lamjp&eir cut sheet is shown Appendix G,
FigureG.5.

4. Count the number of LED lamps or luminair@sd total watts) on that dimming zone

Checking the original lighting plans, the number of D1 recessed downlights contnel zone is 16.
The nunber of T5 track heads alslmes not exceed 16.

5. Check the LED product manufacturer’s spec sheet for a recommended dimmer(gyge INC,
MLV, ELV), any behavior description (“dims down to ong"2@r example), and the maximum
and minimum number of lamps that are recommended for uséwie dimmer.

Acculamp suggests that it is likely to dim down to 10% and lists a weldlitk dnline guide to
dimmer compatibility for this lam It suggests a reverse phasé (ELV) dimmer will work best with the
Crestron architectural dimming system, and also indicates-arovadjustment may be needed to
prevent unstable behavior belowriténimum outputSeeAppendix G FigureG.6.

Crestron’s dimming compatibility pag@ppendix G,FigureG.7) also recommends the reverse phase
dimming setting for the 1200 lumen product, to reduce possible flicker or butzheylaw end of
output.Although it did not specifically test the 200@ren product, it is reasonable to assume a similar
driver design in each lamp, and thus similar dimming guidelines.

6. Check the dimmer manufacturer for a report on the specific dimmer’s behawgh the specific
LED productlf there is no dimming reporvailable, or if there is conflicting information, then here
are two options:

x Consider selecting a different LED product that is specifically listed for uséhaftdimmer, or

x Do a mockup to check for compatibility and dimming performa®e.mockup gidance in
Section 3.1.2

The Crestron guidance in Appendix BgureG.7 does not list minimum and maximum numbers of
lamps for the dimmer, so a ftdtale mockup istsongly recommended.

The guidance intsp 6led to the following mockup recommendation for the D1 downlight control
zone and the T5 track light control zone:



x Manually switch the zone’s dimmer from forward phase-dd€(br MLV) to reverse phasgut
(ELV) mode.

x Install the PAR38 LED lamps in every socket controlled by this dimming Zast.whether the
lamps dim smoothly, from top to bottom, without noise or flick¥reck to see whether the lamps
become unacceptably unstable at or below 10% of light output.

x If unacceptable behavior is observed, try manually changing the type ofrdinfonithat zone back
to forward phase-cut dimmingest the dimming behavior again, in case it proves to be Hetter
either casgt may be necessary to set the lemd trim so that the lamps extinguish before they reach

the point of instability If this output level is not low enough for the congregation’s needs, aediffer
brand of lamp needs to be investigated.

Every dimming zone on the church’s control system needs to be analyzed fapbssok ED
lamps.Although there is no guarantee of absolute success, this approach can save a grecostesd

frustration in trying to help clients embrace energy efficient LERIpcts in existing dimming
applications.



7.0 Conclusions

LEDs themselves are inherently dimmable, but not necessarily with evesy, @md not with every
dimmer. This report addresses issues with phasdimmers, which are the most common tgpeently
found in the architectural world hE interactions between the electronic designs of drivers and phase-cut
dimmers can produce undesirable dimming performance.

The designer/engineer/specifier that sets out to develop a dimmable EEhshould be fully
aware of the effort that is presentlyjtgred to ensureatisfactory dimming performanc@ne viable
option that should be considered is to avoid the need for dimming LED productshigdssower light
levels can be alternatively achieved through a wise design using mlidiglag swich groups, the
results will be predictable and easier to design and implement. Where dimsmigeded for mood,
specific activities, daylight compensation, energy savings, or other rets®mspgecifier needs to
understand: that the performance of the LED product is a function of ies dather than the LED
package; that the dimming performance is dependent both on the speciicafdbie LED source and
the specific dimmer; why dimming with traditional phase dimmers is complex; and thetailoriented
process that will be required for producing dimming that meets client texipes.

Excellentquality LED dimming with phaseentrol dimmers can be achieved, but it requires full
scale dimming mockups or diligent research by the specifier into c¢imifipafor every combination of
dimmer and LED product. For wall-box dimming in smaBegale applications, specifyingvdre
dimmers can reduce some erratic dimming behavior; andvare2dimming applications, NEMA SSL
7A compliant dimmers and LED saes can raise chances for success because it guarantees some level
of performance from pairings of compliant products. In the absence of good dinuidagaeg, this
report provides a conservative means to derate giuageol dimmers, thereby protectirttgetn from
overloading by LED sources, but not implying a level of dimming quality.

Some current LED products are already showing dramatically improved dinomiexjsting phase-
cut dimmers relative to their predecessors. With time, LEDs sources;dhgiaments, and dimming
systems will evolve and improve; until then it is hoped this reportbeith useful reference.

Excellent dimming almost indistinguishable from incandescent behavadsdavailablefrom
approachesther than phaseontrol Specifiersshould consider alternatives such as DALI, 0-10V, DMX,
or even wireless dimmingpproachesThese also have their positive and negative attribaesyarying
(typically higher)coss, butmay result irhigher levels of performancenore predictabilityand fewer
headaches






Appendix A Burden Museum Main Room Lighting Plan
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Appendix B Burden Museum Main Room Track Lighting Plan
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Appendix C Burden Museum Interior Luminaire Sched
the Main Hall and Entry Hall

ule for

INTERIOR LIGHTING FIXTURE SCHEDULE

MUSEUM MAIN HALL & ENTRY HALL

Max

Type Description Volt Lamp Watts Manufacturer
. S MuodaLight Super Flex-\White FPCB-
L2 |dimmable driver. 3000K 120V AC in/ | 0.16 W per 3000°K LED, 37 Each Eun 414" rﬂF'M Dimmable Driver with DC
warm-white colar 115° beam 12V DC out LEDs per foot 246\ output to strips. Fegds. ends, and
g connectors as required for complete
angle. Run lengths 414"
system.
(12) 12.5\W Philips LED A19, 150VY per  [St. Louis Antigue Lighting Co. custom
2700°K (supplied by contractor} | chandelier  |chandelier, with twelve white glass
CHA1 |Large Decorative Chandelier 120v (12) 2 1W Super Bright 25 2W per decorative globes. CD-T064-12. See cut
LEDs.com LED ring, 1200°K ch-andelier sheet for details. Drivers for amber rings
Amber (integral to chandelier) integrated into chandelier.
(6) 12.5\VV Philips LED A19, 76w St. Louis Antigue Lighting Co. custom
Medium Decarative 2700°K (supplied by contractar) chandelier, with six white glass
CH2 Chandslier 120V (6) 2.1V Super Bright decorative globes. CD-T064-6 See cut
LEDs.com LED ring, 1200°K 12.6W  |sheet for details. Drivers for amber rings
Amber (integral to chandelier) integrated into chandelier.
Amerlux TEK412-BT-12-2 (12" length)
Amerlux TEK412-BT-4-2 (4" length)

T2 |2-Circuit Track-Black 120V MNIA Track runs, feed, ends, connectars,
and canopies as needed to provide
complete system.

LED PAR3% Replacement Lamp
T4 |PARSS Trackhead Black 20 Philips E”fﬁﬂ'”[j'?g:i’:‘ma LED oy |Ameriux TBI-250-PAR3B-BT-TEK-120-
2-Circuit, for track Type T2 25" as determined by Lighting LESS LAMP
Designer

Cl







Appendix D Burden Museum Interior Luminaire Schedule for
the Collection/Storage Room

COLLECTION/ STORAGE ROOM

Type |Description Volt Lamp V'\\//I;ti(s Manufacturer

Amerlux GES208-WH-8'-1 (8' length)
T7 1-Circuit Track-White 120V N/A - wit feeds, connectors, and ends
required for complete system.

Integral LED track head for
Track Type T7. 3000K 120V LED and driver integral to track
(warm) color LED. White head
track head finish.

Amerlux Contour Vertical 3x3 track
24W head. CNTRV33-24-LED-E-WT-TNI-120-
MFL-3000

T8

D.1







Appendix E Burden Museum Dimming Compatibility
Documents
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#+LUTRON:

GRAFIK Eye.QS Control Unit

Preset Dimming Controls

GRAFIK Eyee QS Control Unit

M

y
He | #

= [d]

Optional Long
shade control
control
keypad

Infrared

MNote: General Engraving (-EGN) shown.

Lighting  Info
control screen
keypad

QS5G-106.08.07

Description
* Provides pushbutton recall of four preset
lighting scenes, plus Off.
* Offers optional integrated shade control
buttons, which can be added to the unit after
installation.
Includes master override buttons to
temporarily raise and lower all lights.
Allows setup of lighting scenes and shade
presets using buttons on the control unit.
Controls many light source types directly and
others using power interfaces.
Provides individual control of light sources.
Includes built-in infrared receiver.
Includes external IR connection.
Includes built-in astronomic timeclock.
Provides info screen for zone light level
percentage, energy savings, zone labeling,
accessing additional scenes, programming,
and timeclock scheduling.
Info screen is language-selectable.
Provides lockout options to prevent
accidental changes.
Includes one occupant sensor input and
24 V== power for occupant sensors or other
building management systems.
Includes communication link for seamless
integration of lights, motorized window
treatments, and control stations.
Backlit buttons with optional engraving make
unit easy to find and to operate.
Available in a variety of colors and finishes to
match any decor.
Compatible with all Lutron QS system
components.

#LUTRON. SPECIFICATION SUBMITTAL Page!1

Figure E.1. Lutron Grafik Eye QSG spec sheet for control system used in Burden Musee, pia®).
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#LUTRON.

GRAFIK Eye.QS Control Unit

Preset Dimming Controls

Specifications

Input Power

120 V-~ 50/60 Hz.
Lightning strike protection meets ANSI/IEEE standard
62.41- =Can withstand voltag
V~~ and current surges of up to 3000

Lighting Sources/Load Types
Controls the following lighting sources with a smooth,
continuous square law dimming curve or on a full
conduction non-dim basis:

Incandescent.

Magnetic low-voltage transformer.

Lutron Tu-Wiree electronic fluorescent dimming ballast.
Neon and cold cathode.

Non-dim.

Controls the following lighting sources with a smooth,
continuous square law dimming curve through separate
power interfaces:

Electronic low-voltage transformer.

e Lutron Hi-Lume® and Eco-10mm electronic fluorescent
dimming ballast.

Meets |EC 801-2. Tesiéd 1o withstand 15 kV
electrostatic discharge without damage or
memory loss.

e Compensates in real time for incoming line voltage
variations (no visible flicker with +/-2% change in RMS
voltage per cycle, and +/-2% Hz change in frequency per
second).

e 10-year power failure memory automatically restores

lighting to the scene selected prior to power

interruption, and stores timeclock and scene

programming.

Faceplate is hinged top and bottom and stays open at

180° for ease of access.

Environment
e 32-104 °F (0-40 °C).
¢ Relative humidity less than 90% non-condensing.

Standards
e UL listed.
s CSA.

e NOM.

QSG-2 05.08.07

Scene and Shade Buttons

® |Large, rounded buttons are easy to use.

® Backlit buttons with optional engraving make it easy to
find and to operate the control unit in low light
conditions.

* Optional button engraving is angled up to the eye for

easy reading.

Predefined label stickers are included for field labeling.

eset Light and Shade Control

reset lighting scenes, plus Off, are accessible from
theffront of the control unit.

* 12 ddditional scenes are stored in the control unit.
Thege are accessible via the info screen or via other
conyrol stations.

t levels fade smoothly between scenes. Fade time

cgln be set differently for each scene: O to 59 seconds,

r 1 to 60 minutes. Fade time from Off is capped at

5 seconds.

Open, preset, and close shade buttons. Raise and

lower is also available for each shade column. Each

shade column can be programmed to operate one
shade or multiple shades (a group of shades).

Zone Control
* Each zone has a dedicated raise and lower button to
adjust the zone.
Each zone has a dedicated 7 LED bar graph for level
status. Light % and energy saved % is displayed on
the info screen.
All zone information has blue backlit LEDs. Backlight is
programmable to Off.
* 4 preset scenes can be programmed as zone toggles.
Zones to toggle are fully programmable to integral and
external zones.

]

]

Info Screen

Screen is viewable from all angles.
Programmable zone labels.

Programmable scene labels.

Status of real-time zone percentage and energy
savings.

* Programmable timeclock schedules.

e o o o

Figure E.2. Lutron Grafik Eye QSG spec sheet for control system used in BiMdsaum, page 2 of 2.
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PSC-1

Museum Main Hall and Entry Hall, Track Lighting

Contro . . . Maximum Total
I - Eixture Eixture Eixure Load
Zone  (Zone lighting Description T 0 . T Watts per Zone_ Remarks
Number Track Head Watts
1 Track accent 1 - Entry Hall T4 9 . 16 144 Dimming mfg
2 Track accent 2 - Entry Hall T4 9 LI|ED mtefgral 16 144 recommends 1
3 Track accent 1 - West T4 9 F am%spﬁr 16 144 to 14 lamps per
4 Track accent 2 - West T4 11 Iﬂ(rz\giziesc:r?te 16 176 dimmer, smooth
5 Track accent 1 - East T4 11 Dimmer 16 176 dimming down
6 Track accent 2 - East T4 9 16 144 to 2%
TOTAL LOAD (WATTS) 928
PSC-2 Museum Main Hall and Entry Hall, Cove & Chandelier Lighting
Contro : . . Maximum Total
N . Eixture Fixture Eixure Load
Zone  |Zone Lighting Description - Watts per Zone Remarks
Number Type Quantity. Type Track Head Waltts
LED for Forward
1) PHPM-PA-120
1 Large Chandelier General Lighting CH1 12 Phase INC 125 150 ( )
. interface req.
dimmer
2 II:?grge Chandelier Simulated Gas CH1 12 LED - Non-Dim 21 252
. . LED for Forward
3 I\/_Iedl_um Chandelier General CH2 12 Phase INC 125 150 (1) PHPM-PA-120
Lighting . interface req.
dimmer
4 mgdlum Chandelier Simulated Gas CH2 12 LED - Non-Dim 21 252
5 Upper Cove Lighting,41' run,246W L2 5 LEQ for MLV 246 492 _(1) PHPM-PA-120
each dimmer interface req.
6 Lower Cove Lighting,41' run,246W L2 > LEQ for MLV 246 492 (1) PHPM-PA-120
each dimmer interface req.
TOTAL LOAD (WATTS) 1,334

Figure E.3. Dimming shedule for Museum Entry Hall and Main Hall.
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5-0" (Typ.)

I
LED PAR3S B
TBD

(Typ.)

Figure E.4. Enlarged EntryHall lighting gan showing track lighting for control zones 1 and 2 of PSC-1.
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/
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Figure E.5. Track head T4, using LED PAR38 lamp.
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Figure E.6. PhilipsPAR38 LED compatible dimmer list, which does not show architectural dimming

- H

LEVITON
LEVITON
LEVITON
LEVITON
LUTRON
LUTRON
LUTROMN
LUTROMN
LUTROM
LUTRON
LUTRON
LUTRON
LUTRON

Decora
Trimatron
SureSlide
lllumatech
Ariadni
Diva

Diva
Glyder
NOVA
Qoto
Skylark
Toggler
Credenza

systems.

Load
Glél 500w
6684 &00W
6613 600W
IPID6- 1L &00W
AY-600P 600W
DV-600P 600W
DVPDC-203F 200W
GL-600 600W
NLV-1000 1000W
Q-600P 600W
S-600P 600W
TG-600P 600W
TT-300 300W

Type | Dimming level

LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE
LE

Flickering
I lamp

Flickering
3 lamps

Flickering
5 lamps

Flickering
Max.->Min. B lamps
(flux?)

I lamp

99%-0 No
100%-0 at~40%
100%-2% No No No No
100%-9% No at~60% ~40%-50% ~0%-40%
100%-5% No No No No
99%-2% No No No at~70%
99%-29% No ~0-50% no dimmability no dimmability
100%-2% No No No No
100%-3% No No No No
100%-4% No No No at~70%

90%-3% No No No at~80%
100%-5% Ne No Ne at~70%
100%-0 No No No at—~40%
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#<LUTRON:.

Product Report Card

Manufacturer: Phillips
Applicable Model Numbers: 92900017 1200/1300/1400

Manufacturer’s Description
Type of Fixture: PAR38 Indoor Flood

Operating Voltage: 120 VAC
Input Power: 1B6W
Current: 185 mA
Frequency: 60 Hz
Control Types: Not Specified
Dimming Range:  Not Specified

Equivalent Incandescent Qutput Power: 45 W
Lumens: 650 Im {3000K)

Lutron Test Results

Date Tested: May 4, 2010

Model Number Tested: EnduraLED PAR38 dimmable 120V 18W
Smooth and Continuous: Yes

Test Notes: None

Lutron Recommended Compatible Products

Fixtures Measured
Product Part Number per Light Qutput Comments
Dimmer Range "
RadioRA 2 RBD-10ND 1-16 4%-100% Smooth and continuous
Homeworks | HWD-5NE 1-7 3%-100% Smooth and continuous
HWD-8NE 1-9 17%-100% Smooth and continuous
HW-BPM-4A_120 42 354l Q0 Smooth and continuous
— per output Maximum of 20 TIRIme S —
Commercial | QSG-6P 1-14 2%-100% Smooth and continuous
L Systems per output Maximum of 35 fixtures |
l2-BPMM-4A-120 1-18 8%-100% Smanth and-eersmmns.
per output Maximum of 29 fixtures
Interfaces | PHPM-WBX 1-29 7%-100% Smooth and continuous

"Values are based on light output using the specified dimming contral, and may not be an indication of the fixture's full
capability

Comments: Some dimmers may require a low-end trim adjustment. 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. [utron.com for details.

Figure E.7. Lutron report card for Philips 16W Enduraled PAR38 laiips indicates the Lutron QSG
6P dimmer can control between 1 and 14 lamps per dimming zone, and the lamp output can
be dimmed to 2% of maximum output.
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Glass Shade & Lamp Detail: Typical fer cach

e

RUTIRIY

Philips Endura LED Aw

Elevation Plan View

Dascription: 120Y Large 2 Tier Chandelier with 587 everal dmmc'cr 681/2° hixture height, and 08"
with bottom of Fixture at 10" 6" AFF. Cons
21zt century dimmrable medium ba
Iated ‘Gas L

overall hm ht

white LED A19 (pravided by contra
with Amber LED ring and Driver that is non-dimmable (LED Ring and
integral te tha chandelier). Refer te drawings and zantrel schedule for additional infarmation.
Location: Q.1, Main Hall,
LED 419, Load #Lion
Amrbar LED ring. Load #L102

Finish:

Brass with Incralac Laquer

Lamp: Each Glebe: Q.1, Philips Endura .FD

med. base (previded by contract

a3
Q.1 Superbrightleds.com, AE Argol Eye LED Ring: * AE80 Azs, Arr
diameter. Driver: # HMA 30MU B2 (LED

ber 20W, 12V, 1200°K. 2347

12.5W, 120V, 2700°K Aw LED

Ring and Drivor integral to the chandelior)

m Fixture: # CD-704212. 12 Arm

Catalog # Cus
°l'q

Manufacturer: St. Louis Antique Lighting Ca.
Ann Marie - ambehm@slalcocam,

paro Roplacement Glass Shade: Q1. 8" dia. Frostod Opal White Glass

348631414

Voltage: 120Y
Fixture Wattage: 150 LED A9

25.2W LED Ring|
Type:

Large Chandelier

Project Nama:
Hudson Mahawk Industrial Gateway
Burden Iron Works, Troy, N

JanMoyerDesign

Brunswics, Now York

SI8.235.4750

W janmeyerdos g.com

Date: sf2shz
Tirre: 225 PM

Figure E.8. Burden Museum Main Hall chandelier details, showing LED A19 lamp and amberihg:D
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Panal Moduls HW/LP-RPM- 21 8% 88% 24%
44120
Paneal Module I il r rr— b — py dimming near |ow end.
R 4y 120
aflk OS5 Grafik Eye OS5 [ 4% 100% 10% Steppy dimming near | cw-
< Mmin Linit
F amilly
msﬁmmm i} 4 £, — o ong
ard w
Evo GRX-14-4
|__RadioRa Fu-SNE 9 3% 899 % 1% Ium e dead travel
RadioRA 2 RRD-10MD 11 4% 96 % 18% Minor delay at starup.
RadioRA 2 RRD-ENA [ 4% 89% 20% Dimmiar neads to ba sal (o
forward phase. Some sleppy
|
Jiatertaces
PHPM-WB X 21 4% 100% 19%  [Minor dead travel at high end.
with OVF-103P|
§ PHPM-PA 21 2% 7% 14% =
with QS G-60 —

Figure E.9. Philips Enduraled A-lamp dimming compatibility report, showing maximum nuofdamps recommended per zone is 9 for Grafik
Eye QS dimming zone, and 21 f@HPMPA interface (Phase Adaptive Power Module).
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Lutron. Phase-Adaptive Power Module Power Modules

369356 Rev. B 1 09.02.11

Phase-Adaptive Power Module

Description

* Provides capability for a zone on a GRAFIK Eye-
control unit (or other product) to dim a fully loaded
circuit of lighting.

e May be used to control incandescent, electronic
low-voltage, magnetic low-voltage, and neon/
cold cathode lighting sources, as well as Lutron.
Tu-Wire. fluorescent dimming ballasts.

e Automatically selects leading-edge or trailing-edge
dimming for low-voltage transformers.

* Provides power and dimming for one zone.

e Up to 3 power modules may be wired on a single
GRAFIK Eye- zone.

* Models available for 120 V~ control power.

* Models available for 120 V~ or 120 - 277 VI~
load power.

¢ Not for use with non-dim loads.

Works with 120 V~ versions of:
¢ GRAFIK Eye. QS control units*

Figure E.10. A phase-adaptive power module that effectively increases the Idadimaming zone can control, to be used when the number of

LED lamps @ a dimmingzone exceeds the dimming repsmtecommended maximum number.
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Figure E.11 Enlarged plan of chandeliers and cove lighting in Main Hall and Entry.
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MOJALIGHT

SPECIFICATION

Description:

Super High Output Dimmable LED Linear Flex System
SE far the brightest Linear Flex System available, SUPER
FLEX provides high quality and consistent light in a low
profile package. Custom lengths are made simple with
designated cutting points. A self-adhesive 3M backing and
push to fit connectors are designed for a quick and simple
installation. SUPERFLEX is the perfect solution for interior
applications requiring high light output without sacrificing
space in applications such as; cove, display, architectural
accents, cabinet, and backlighting.

Dimensions:

SUPER FLEX™ 3000k

16' 4 415" (5000mm)
le

| s aly=

aelye amelye =5Helye i:_“:;":":"]

Height: 1710 (2mm)

LED Spacing: 1/5" (Gmm})
Cutting Distance: 17 (25mm)

Qutput:
Delivered Lumens 28273 Im/ft
CCT 3000k
Chromaticity Ordinates | x: 0.433 y: 0.412 Typical
Color Bin Tolerance +3%/-3%
Efficacy (Im/w) 4764
CRI 82

Lumen Maintenance

70,000 Hours L70 @ 25°C : 90,000 Hours L50 @ 25°C
50,000 Hours L70 @ 50°C : 70,000 Hours L50 @ 50°C

By Continols | et 197 .4, (2000w} Testing Data Light Data LM-79-08 & LM-80-08
lluminance at a Distance: Data Shown for 112 EleV \
(For lux mullsply fc by 10.7)
|nput Voltage i2vDC \
Center Beam FC Beam Width
Sracen S Power Consumption | 5.94w /[ ft (0.05A) - varies based on length of run & driver
1714 140830 bt \ Power Factor =0.49
3an BN 1008 \ Dimming 100 - 277v Triac Incandescent Dimming Option
s01 15,65 fc 150 ft ency N/A
671 H.801c 2011
563 1c 2511
aae Physical:
1001 391 fc 3041t
Wcar Sorenl 10 Applications Cove, Display, Channel Letter, Edge Light
leam Spread:
Length 18" - 4 4/5" (5000mm)
Polar Candela Distribution:  Lumens per Zone: Dimensions Width 2/5" (10mm)
Data Shawn for 113° Height 1/10” (2mm)
Bl Candels Ditrbution Zone | Lumens | % Total Weight 6.4 0z (181.4g) Per Reel
m er 0-10 368 33% . Intelli-IC™ Constant Voltage Design Protects LEDs And
» - 10-20 1056 9.3% feensiuction Prolongs Life. White FPCB
- - 2090 | 1003 | 142% Thermal Management | N/A
ol - 3040 | 1938 | 17.4% -
- T | ~ 4050 | 2017 | 178% Optics NIA
o { \ e 50.60 1826 16.1% Fixture Connections Push To Fit Connectors
) | ; -
& \ i e0-70:1) s 123% Operating Temperature | -40°F ~ 122°F (-40°C ~ 80°C)
m N - 70-80 802 7.1% " S . .
- e M T s ST Storage Temperature | -40°F ~ 212°F (-40°C ~ 100°C)
| Bl o
B2 n w0 marsn 90-100 ] 0.3% Humidity 0-95% Non Condensing
Standards and Certifications:
Project Name Date Tested to UL & CSA by ETL For Use in USA
Certification & CANADA, Complies with California Title 24
Cormpany. 0 # uirements, Lighting Facts, ol omplian
Req ts, Lighting Facts, CE & RoHS Compliant
Name: Type Class Class lll
Environment Dry Location - IP20
Molez: Warranty 2 Year Limited Warranty

e ] ] B (2) 3] ce @

© Copyright 2011 = 955 White Drive, Las Vegas, NV 89119 - T:. 702 407 7775 - F: 702 407 7773 » www.modalight.com

Figure E.12 MODA LIGHT linear LED strips used in cove lightdotice it uses a remote magnetic

transformerThe driver is built into the LED boards themselves
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Accessories:

= =
| by =
P- ] . s e
‘. ) = - 5
g _.‘ #_'-H
da 3 :
MATAIS MATAZ4 MRTAZ MRTAZ3 MP16 MP41
Live End EZ - Connector L-Bend Connector T-Bend Connector 12w DC 130w 12w | 24w DT 60w
Connects SUPERFLEX to Connects 2 SUPERFLEX L - Shaped Bend for T - Shaped Bend for 132w 12w DC LED 80w 12v and 24v DC LED
Power Supply Tegether Conmecting 2 SUPERFLEX Connecting 3 SUPERFLEX Power Supply \ Power Supply
Together Together
L: 10 (304Emm) L: 35" {18mm) L: 1 1 [3Tmm) L: 1 25" [35mm) Powers Up To 22 ft Powers Up To 10 #
W= 355" (15mm) W- 1/5" (Smmj W 1 1107 (2Bmm) W 1 1107 (27mm) SUPERFLEX SUPERFLEX
H: 1107 (2mm) ; 3
HNon-Dimmable ble
Ordering  Sample Number SUPERFLEX-3000k Ordering \ /
Product Name Finish Color Temp. Beam Angle Accessories SBrvér

SUPERFLEX White FPCB 3000k - Warm White 115° MRTA3S MP16

6000k - Cool White MRTA3L MP41

MRTA3I1 3000k
MRTAI3 3000k
*Special Order
Consult Factory

Minimum order quantiy may apply. Due fo confinucus | novations,
guideline anfy and may vary with diferng power supples and installations. All fights reserved E & OE.

@& Copyright 2011

and in

speciications may change without notice. Please refier to our websle for current iechnical data. These figures are prosided as a

* 055 White Drive, Las Vegas, NV 89119 - T 702 407 7775« F: 702 407 7773 = www. modalight.com

Figure E.13 The power supply for this linear LED product is a magnetic transfoimaédelivers DC power to the LED striphere is no
compatibility issue with this type of product except to size the dimmong for the maximumaqwer of the transformer
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Appendix E Burden Museum Storage Area Vault Dimming

Documents
e T s e e =~
4
Collection / Storage e
ALT#3 i T
+13'4" Mounting TBD once ceil

in
conditions are md'nnle%

LED 24W TBC"
L401

T8
LED 24% TBO"  LED
L401 §  gl401

4
s S
mi

15312“' B ADA Entrance

L401 T8
LED 24W TBD"
Lagn

A TOU T7-8" Track nline Connechor
1 Grcuit—hite
Hou;lt:& TBD nncedlo‘ggth
e condilions are caer EQ (1'-0° MAX on
Ti
.F ck‘gﬁ#“\ T e e e e e ———————— — Fandedda) Tt

Figure F.1. Enlarged lighting plan of Storage Area/Vault, showing lighting and control

F.1



CONTOUR VERTICAL 3X3 CNTRV33

TRACK LED LED
APPLICATION: OPTICS:
Retail & commercial accent & display lighting LED cluster
Color Temp: 300K (045K +175)
CONSTRUCTION: CR. 85
Extrucie d aluminum ballast housing and heat sink Life: 50.000 hrs
Stam ped aluminum end plates Lumen Maintenance: >70% of infial
Formedsteel w|re cover lumens @ 50.000 hrs
POwCE in over 200 finishes Lumen output (@ 3000K). 1040 typ Narmow Flood

1002 typ Medium Flood 987 typ Flood
980 typ Wide Flood
0-90° titt, 360° rotation
&am options: Marmow Flood 16° Medium Flood 24°
Flood 30°, Wide Flood 45°, Very Wide Flood 607

ELECTRICAL:
Electronic constant cunrent LED driver
120v or 277v input

Dimming cown 10 less than 20%. available on 120v only

with ELV (revernse phase) dimming equipment. PROJECT
consult factory for approved device Ist MO UNTING:
urge endur- Track canopy andbusway
ance up o TKY. Amernux recommends usig ackitional
surge profec tion with this unlt upplied by others), surge  LABELING:
damage k notcovered by wamanty. =®. TYPE

A
A2ad

Eectrostatic ssnsitive davice.
obsene precautions for

—

2 F
5, e . handing
=
L)
-2 }_
fe— 37, —»]
6%,
ELECTRICAL
|Operming
Driver Watts* Amps*
Electonic 120v 24 20
277w 24 09

Cloxs 2 constant curent diver. 700 mA
*LED forward voltage bins resulf in actual consumed year limited
watts ranging £10%. For circuiting planning use mox warmanty

wafts and omp data, """" LEN

(sae webdite for detal)
ORDERING INFORMATION:

Model Wuilugc lamp |Eallast .lesh Voltage |Beam Spread Color
Type Temp

CNTRV33 24 LED E - giectionic  WT - white TH1 - Global 1cir 120 MF = namow DiM - dimming
textura 120v 277 fiood. 16* C.onsulr (120w only)
BT- block TEK - Global 2cir/2naut. MEL - medium factory for  §noot (accepts up to 2 forms
ety 120v food, 24°  other color of ght confrol meda)
5T~ silver T3 - Slobal 3cir. FL - flood 30° temperature SN - snoot 17, specity W,
textue 120v WF - wide opfiomns BT. ST finigh
et TNZ-Global 2cir2neut, flood 45°
{other RAL) 277 VWE - veary wide UghtCantrel Medo
B - busway flood, 60° (requirss snoct)
C -canopy 5L - lingar spraad CE - cross blade '," dzep.
lens. 12¢ % 45° 9 cell. block @) finish
standard

HEX - hexcell louver, Y/, "x"/,”
SPR - pismafic spread lens
use only with NF, FL
Exomple: CNTRV33-24-LED-E-WT-TN1 - 120-NF-3000 LSP(R sl s sorea dbn)s
g (do notusaifsl beom
Cat#: spreadis specified

Amedux reserves the fght to change details that do not affect overdl function and performancs. -

Amedux LLC « 23dariel mod fdrfield NJO7004 = o 973852.3010 £ 975-582 2005 « www_amedwocom G m e r | i 'x

Figure F.2. Amerlux LED track head used in Museum storage rddanufacturer recommends ELV
(reverse phase) dimmdtowever, the Lutron report card on the same product shows it to be
compatible with dhreewire or Eco-system (fluorescent) wallox dimmer (rather than an
ELV dimmer), with a maximum number of 59 CNTRV-3X3 heads per dimBeskigure
F.3.
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#LUTRON,

Report Card
(For fixtures using the Lutron Hi-lume LED Driver)

Manufacturer: Amerlux

Website: www.amerlux.com

Applicable Model Numbers: Contour Vertical
Date: October 2009

Fixture Manufacturer’s Description S eD
Type of Fixture: Downlight f._ﬁw}gs%i?;f . 8
Operating Voltage: 120V / 277V % [l < ¥ %

Control Types: 3 Wire/ EcoSystem
Dimming Range: 100% - 1%
Input Current (max.): 0.27 A (120V)/0.13 A (277V)

Driver Manufacturer: Lutron Electronics
Product: Hi-Lume LED Driver

Compatible Lutron Products

i i Measured

Product Part Number FisturesiperDinnes Light Output

120V 277V Range
NovaT NTF-10, 1-59 - 100% - 1%
NovaT NTF-103P, NTF-10-277 1-29 1-61 100% - 1%
NovaT NTF-103P-277 - 1-46 100% - 1%
Nova NF-10 1-59 - 100% - 1%
Nova NF-103P, NF-10-277 1-29 1-61 100% - 1%
Nova NF-103P-277 - 1-46 100% - 1%
Vareo VE-10 1-29 - 100% - 1%
Skylark SF-10P, SF-103P 1-29 - 100% - 1%
Skylark SF-12P-277,SF-12P-277-3 - 1-46 100% - 1%
Diva DVF-103, DVSCF-103P 1-29 - 100% - 1%
Diva DVF-103P-277 ,DVSCF-103P-277 - 1-46 100% - 1%
Ariadni AYF-103P 1-29 - 100% - 1%
Ariadni AYF-103P-277 - 1-46 100% - 1%
Vierti VTF-6AM 1-22 - 100% - 1%
MAF-6AM, MAF-6AM-277, MSCF- o o
Maestro 6AM, MCSF-6AM-277 1-22 1-46 100% - 1%
Maestro Wireless MRF2-F6AN-DV 1-22 1-46 100% - 1%
SPSF-6A,SPSF-6A-277, SPSF- .

Spacer System 6AM. SPSF-6AM-277 1-22 1-46 100% - 1%
Lyneo LXF-103PL 1-29 = 100% - 1%
Lyneo LXF-103PL-277 - 1-46 100% - 1%
Interfaces " PHPM-3F 1-59 1-123 100% - 1%
GRX-FDBI-16A 1-59 - 100% - 1%
EcoSystem cCr\i 1058"‘2’3’10%8 é'go"s";‘gtfnf’ 5, | 64 per Ecosystemink | 100% - 1%
Grafik Eye QS with EcoSystem 64 per EcoSystem link 100% - 1%
Quantum 64 per EcoSystem link 100% - 1%

™ Eor use with 3 Wire controls or Commercial Systems, RA Systems or Home Systems applications

Figure F.3. Lutron dimming report card on Amerlux CNTRYV track head. Note that althoughisheoe
specific listing of the Grafik Eye QSG product, all the other dimminipdis suggest a
fluorescent dimmer corudl signal
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R d d | O-RAG2 product specifications 369-225g 04.18.11

RadioRA 2 Maestro local controls functicn much
like standard dimmers and switches, but can be
controlled as part of a lighting control system.
Local lighting controls are useful in locations
where single circuits of lighting need to be
dimmed or switched.

RadioRA 2 Maestro dimmers incorporate
advanced features such as fade on/fade off,
delayed long fade to off, and rapid full on.

RadioRA 2 Maestro local controls include a Front
Accessible Service Switch (FASSw) for safe
lamp replacement. RadioRA 2 Maestro local
controls install in single-pole or multi-location
applications. Remote dimmers/switches are
available for multi-location control.

Use Lutrone Designer (Claroe or Satin Colorses)
wallplates or designer-style wallplates from other
manufacturers. Wallplates are sold separately.
Lutron Claro and Satin Colors wallplates

snap on with no visible means of attachment.
RadioRA 2 Maestro local controls support color
change kits.

Model Numbers

Dimmers

Incandescent/Halogen/MLV (120 V~)
RRD-6D-XX* 600 W/800 VA Dimmer
RRD-10D-X¢" 1000 W /1000 VA Dimmer
RRD-10LID=e PESS=e=hall /A Neutral

Wire Dimmer
Incandescent/Halogen/MLV/ELV (120 V~)
RRD-6NA-XX* 600 W /800 VA Neutral Wir

Adaptive Dimmer

3-Wire ~)
RRD-FeAN-DV-XX" 6 A Neutral Wire Dimmer
Switches
Lighting and Motor Loads (120 V~-)
RRD-8ANS-XX" 8 A Light, /4 HP 5.8 A Motor
Neutral Wire Electronic Switch
Lighting and Motor Loads (120-277 V~)
RRD-8S-DV-XX* 8 A Light, 1/10HP 3 A Motor
Twao-Wire Electronic Switch

www.lutron.com/radiora2

RadioRA 2 Maestro. Local Controls

Dimmer Remote Dimmer

Switch Remote Switch

Remotes (for multi-location installations)

RD-RD-XX* Remote Dimmer (120 V~)

RD-RS-XX* Remaote Switch (120 V~)

RD-RD-277-XX" Remaote Dimmer (277 V)
Use only with -FBAN-DV

RD-RS-277-XX" Remaote Switch (277 V)
Use only with -85-DV

Color Change Kits

RK-D-XX* Dimmers (-6D, -10D, -10ND,
-6NA, and -FBAN-DV)

RK-S-XX* Switches (-BANS and -85-DV)

RK-AD-X(" Remote Dimmers (-RD)

RK-AS-XX* Remote Switches (-RS)

"RadioRA 2 Maestro local controls are avallable in 26 colors. Please
see page 10 for color selections.

Lutrons | 1

Figure F.4. Lutron Radio Ra series wallox dimmer with ability to adapt to different load types.
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Appendix G Hudson R iver valley church dimming documents

Fixt i Manufacturer's
Description Lamps Watts | Volt.
Type Catalog
6" square recessed downlight with
Par38 halogen lamp. Bronze Q)
D1 aluminum aperture cone. Lamp 100PAR/HIR/FL | Allow 120 Kurt-Versen H8634-SZ
face is regressed at least 4" from |40
ceiling.
10' long light track, or 20' long track
composed of two 10' sections with N .
) Lighting Senices Inc
center connector. Provide MR16 .
track heads with integrated Assume (1)31XX0-Custom Paint
9 (1)Q50MR16/C/ TBD (Track) Feed and
honeycomb louver, number as 100W per .
T1 . ] - FL40 per track . 120 [connectors as required.
shown in plan. Painted finish to 10' length of
. head LN16-00+Honeycomb
match beam. Track is mounted to track .
. N louver-Custom Paint (MR
vertical face of beams, 6" above the 16 head
bottom of the beam, unless ea)
otherwise noted.
8" Horizontally-mounted 1-circuit
surface-mounted track with halogen Lighting Senices Inc
e e " [wooensme | posume | [O20Eek k)
15 [PaM u L40 per track 800W per | 120 sas

ceiling, centered 4" from the beam.
Painted in black. Provide
HONEYCOMB louwer accessory,
not cube-cell louver.

head

track length.

required 238-00-
Honeycomb louver-black
(PAR38 head)

Figure G.1. A selection from the church luminaire schedule, from the time of the clemoliation in

2008.
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216 SERIES

12V - MR16

This versatile, miniaturized fixture revolves
around two separate axes and pans vertically
on a third axis for optimal and precise target
illumination.

= Dasigned for Tungsten Halogen 2-pin base MR16 lamps
up to 75 watts

= [Can be configured for usa on 1200 or 277V systems

= Sturdy aluminum bousing

= Seifdocking swivel for horizontal and wertical focusing

= [Onfoff safaty switch [on maost mounting typeasl

= Hinged front with relamping handle ensures easy lamp
changing

= |nternal multiple accessory clips aocept any double
combination of size-AAA LS| filters and accessornes

= [Optional crossbaffiea hood eliminates frontal spill ight
and glara

= Rewvolving aluminum transformer housing with Intagral
TEVA 1200116V or 277/11.6V electronic transformer

= |ntegral clear Pyrex safety shield
Finighas: LSl Black, White, Silvar and Graphite

MOUNTING OPTIONS

216-00
Lexan Fitting for 1 and 2
circuit LS| Track. With On/Off switch,

_|

5 116"

}_

216-BUS
Lexan fitting for 1 and 2 circuit LS
Busway. With On/Off switch.

216-2G

Universal fitting for Unistrut

Systams and any soew or

bolt-up applications. With

switch, and G-foot 3-wire

arounding cord and NEMA 5-15P plua.

-

& 7a”

o

Hudson River Valley Church.

216-3G

C-clamp for pipes from 58"
to 27 0.0, With switch, B-foot
3awine grounding cord and
NEWNA B-15F plug.

_i

=
B

216-54A

Canopy for parmanent
mounting on standard 47
octaganal outlet boxas.

ey

i

= Focture weight: 1.5 lbs.

Other Ootions (Consult Factorv):

Figure G.2. Lighting Servicesinc. MR16 track head with integral electronic transformestatied in
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GENERAL CHARACTERISTICS

G E Lamp Type Replacement Lamps -
. . Directional
|_|ght|ng Bulb MR16
= Base 2-Pin (GU5.3)
Bulb Shape MR16
63950 - LED7XDMR16D830/36 gﬁ'rlwor:\ing Capability glé\:’rates on dimming circuits
GE Energy Smart® MR16 Gen 2 See GELighting.com/dimming
« Energy-efficient LED lamps. Long life. for further information
Equivalent Wattage 500 W
Lamp Type LED-MR
Life in Years 228
Rated Life 25000.0 hrs
PHOTOMETRIC CHARACTERISTICS
Beam Spread 350 °
Center Beam Candlepower 1500.0
(CBCP)
Color Rendering Index 82.0
(CRI)
Color Temperature 3000.0 K
Initial Lumens 500.0
Nominal Initial Lumens per 71.42
Watt
ELECTRICAL CHARACTERISTICS
Voltage 12.0
Wattage 7.0
DIMENSIONS
Bulb Diameter (DIA) 2.000 in(50.8 mm)
Maximum Overall Length  1.8800 in(47.8 mm)
(MOL)
PRODUCT INFORMATION
Product Code 69950
Description LED7XDMR16D830/35
Standard Package Case
Standard Package GTIN 10043168699508
Standard Package Quantity 3]
Sales Unit Unit
No Of ltems Per Sales Unit 6
No Of Items Per Standard 6
Package
uPC 043168699501

Figure G.3. GE 7W LED MR16 lamp data.
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1. There are three types of dimmers in the market according to their The dimmers and transformers should be used in this configuration:

load properties: R, RL. and RC type. The magnetic and electronic a. Leadin - er
transformers are used with low voltage lamps. ng edge dimmer (RC) + Electronic transformer

Dimmer/ Incandescent Magnetic transformer  Electronic transformer
Load type (R typel [L typel (C typel

Leading edge/RL type

2. Caution:
We don't recommend the use of
Leading edge{RL] + Electronic transformer on MR16
LEDs. It has higher risk of flicker, noise, and distortio
of mains voltage.

nJrailing edge/RC type

W

3. About "dimming system"

-
Used in hotels and hotels, it's normally for multi-lamp controls and has leading ]
edge and trailing edge modules. Similarly, the leading edge module should be 220/120¢ 12V LED Lamp
used with magnetic transformer and trailing edge with electronic transformer.

Figure G.4. GE 7W LED MR16 dimmer compatibility guidance, showing the trailing edge (seve
phase, ELV) dimmer is likely to work best with this LED lamp installed ielaatronic
transformer track hea@Source http://www.gelighting.com/LightingWeb/na/imagesAed
replacementampsdimmercompatibility-table.pdf)
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http://www.gelighting.com/LightingWeb/na/images/led-replacement-lamps-dimmer-compatibility-table.pdf
http://www.gelighting.com/LightingWeb/na/images/led-replacement-lamps-dimmer-compatibility-table.pdf

acculamp@

Look. Performance. Confidence.

FEATURES & SPECIFICATIONS

INTENDED USE
Accent lighting applications where color, extended lamp life and efficacy are important.

CONSTRUCTION
Housing: High quality, cast aluminum, advanced thermal design for optimal cooling efficiency.
Optics: Optimally engineered specular faceted reflector for efficient distribution.

EXPECTED LIFE

50,000 hours - L70 lumen depreciation design criteria.

RATED LIFE

25,000 hours - L70 after 6000 hours, initial ENERGY STAR® qualification tested.

Max. Luminous Intensity: 5000cd (900L); 6800cd (1200L-25°); 2200cd (1200L-45°); 9000cd
(2000L-25°); 3000cd (2000L-45°).

LUMEN OUTPUT

900 lumens (900L); 1200 lumens (1200L); 2000 lumens (2000L)

Operating Temperature: -22°F to 113 °F (-30 °C to +45 °()

Color Temperature (CRI): 900L - 2700K (82CRI); 4000K (85CRI); High R9 (94CRI)
1200L - 2700K (82CRI); 4000K (85CRI)

2000L - 2700K (80CRI); 4000K (80CRI)

High Spectral Content: R9=78

ELECTRICAL SYSTEM
Uses High Brightness LED mounted to efficient thermal transfer system.
20-watt (900L/1200L)/25-watt (2000L) high-efficiency integral driver 110-120VAC.

Catalog
Number

Notes

Type

S-SERIES LED Lamps

ALSP38

PAR 38 LED Lamp

SPECIFICATION GRADE
mm ey =
- “ﬁ%htmg
@lnm‘m" !ﬂuﬁﬁ dimmable

Actual wattage may differ by +10%/-15% when operating between 110-120V +,L1|)%\

Dimmable down to 10%. Complete dimmer compatibility located at
ttp://acculamp.acuitybrands.com/Files/Dimmer_Compatibility_Chart.pdf

LISTING

DIM Lamp — cETLus listed to U.S. and Canadian safety requirements.

Non-DIM Lamp -- UL and C-UL listed to U.S. and Canadian safety requirements.
Damp location.

Tested in accordance with [ESNA LM-79 standards.

Suitable for use in totally enclosed fixtures per UL1993.

Tested at 45 °C per ENERGY STAR® L70 lumen maintenance.

WARRANTY
Five-year limited warranty. Complete warranty terms located at:
http://www.acuitybrands.com/CustomerResources/Terms_and_conditions.aspx

DIMENSIONS
Diameter: 4-3/4"
Length: 5-1/8"
Weight: 1.091bs

All dimensions are inches.

Note: Specifications subject to change without
notice. Actual performance may differ as a result
of end user environment and application.

For shortest lead times, configure products using bolded options. Example: ALSP38 2000L DIM
LED LAMP
Series Lumen output' Beamangle Color temperature Base Options
ALSP38  PAR38LEDLamp  900L 20W,900lumens® | (blank) 25degrees (blank)  2700K (blank)  E26 base R9 High R9 spectral content®
1200L 20W,1200lumens’ 45 45degrees' | 40K 4000K GU24  GU2base  DIM  Dimmable*
20001 25W, 2000 lumens
Notes 3 ENERGY STAR listed.

1 Total system delivered lumens.
2 Must be ordered with R9 option.

4 Available only with 1200L and 2000L.
5 Option available only with 900L.

Seepage 2 for PhotometricData  Page 7

Figure G.5. Acculamp PAR38 LED lamp cut sheet
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Figure G.6. Acculamp dimmer compatibility chart, recommending a reverse ghasimming
approach for its PAR38 LED lamp.
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Figure G.7. Crestron’s compatibility test report for the Acculamp PAR38 lamp recommerde e
phase dimmer control for this lam{Bourcehttp://www.crestron.com/downloads/pdf/
lighting_fixture_test results/1086.pyf
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