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LED dimming fundamentals

 LED sources are inherently controllable (output and color)

 Most control technologies were designed for incandescent
(resistive) loads

e LEDs are non-linear loads which (typically) need a “driver”
e The LED “driver” sets its potential dimming performance

e While there is no standard definition for “dimmable”, incandescent
sources set a high (and consistent) benchmark

 Not all LED sources/drivers are dimmable, or “designed to dim”

e Not all dimmable LED sources deliver the same level of
performance
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LED dimming performance variation

The relationship between control input and what you care about
(e.g. power, measured light, perceived light) is not well-defined for
most dimming technologies, and can vary significantly across
products

Dimming an LED source can change the behavior of the LED driver

Efficiency can degrade, but may be offset by improving LED efficacy
LED chromaticity can shift
Flicker can be induced or increased

Power quality, as quantitatively evaluated by the Power Factor and Total
Harmonic Distortion metrics, can be degraded.

Performance at different input voltages can vary.

LED dimming performance with phase-cut dimmers is dependent
on the source CAPABILITY and the source-dimmer COMPATIBILITY
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Phase-control dimming presents unique challenges

Coincident AC power and control signal

e Forward or reverse phase-cut
AC sine wave Do

e 2-Wire (hot, dimmed hot) or
3-Wire (hot, dimmed hot,
neutral)

W i M%

Separate AC power and control signal

* Fluorescent 3-Wire
e (0-10V

AC
e DALI Power
e DMX512
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Potential compatibility issues with phase-cut dimmers

Dependencies

1) the characteristics of
the LED sources
(drivers)

2) the characteristics of
the dimmer

3) the number and type
of light sources on the
circuit

Dimming range
Dimming curve
Dead travel
Pop-on

Drop-out
Flashing, Ghosting
Premature failure
Audible noise
Inoperability
Predictability
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Dimming range, dead-travel, pop-on
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Smoothness, monotonicity, up/down symmetry

Switched output
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Phase-cut dimmer loading

e Minimum load varies by dimmer and LED source

e Maximum load varies by dimmer and LED source

 Overloading can lead to premature failure

Dimmer

Source

Possible loading

600W incandescent 60W incandescent &/’x 1-10
600W incandescent | 12W LED M 3-10
600W ELV 50W halogen 1-12
600W ELV 10W LED M 2-30
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NEMA SSL-7A

e Defines design specifications for LED sources and dimmers
e Defines compliance test procedures for LED sources and dimmers
 Predicable, specified performance

— Minimum definition for dimmable
— Room for product differentiation

e Compliant LED sources will have performance ratings that will be
valid with all compliant dimmers
— Dimming range (relative maximum output, minimum output)
— Dimmer loading characteristics

e Compliant dimmers will have performance ratings that will be valid
with all compliant LED sources

— Full-featured operation
— Load ratings (maximum and minimum, if necessary)
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NEMA SSL-7A types

Forward-Phase

Dimmer

LED Light Engine

(LLE)
Type 1 Type 2
= ]
Type 2 ?
7
AT
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Commercially available NEMA SSL-7A compliant dimmer

Divae 250 W CeLe Dimmer Wallbox Controls

360B10a 1 04.08.14
Divas 250 W C+Le Dimmer R

Dimmer for CFL, LED, Halogen, and
Incandescent dimmable bulbs.

Features

* | arge paddle switch with a captive linear-slide
dimmer for a standard designer wallplate opening

* HEDw Technology: Advanced Lutrone dimming
circuitry designed for compatibility with most high -
efficacy light bulbs

. __ Select

* UL. Listed to control: T | Ignhtleve

— Dimmable compact fluorescent (CFL) with W with slider

integrated ballast \
— Dimmable LED with integrated driver

— Lutron Hi-lumee A-Series LTE LED Driver N

— Halogen

— Incandescent
* | ow-end adjustment to accommodate a wide range L /

of bulbs \
Switch on

% (to selected

* NEMA SSL-7A Type 2 Compliant E:{egnet;iﬁggﬁ
| .

Application Requirements

. . * Wallplate sold separately
* When dimming CFLs or LEDs, only bulbs marked

or rated as DIMMABLE may be used.

* For a list of compatible DIMMABLE CFLs
and LEDs please visit www.lutron.com/dimcflled.
For questions call 1.800.523.9466.

* Some DIMMABLE CFLs and LEDs require a
minimum number of bulbs for proper operation. For
details and a list of bulbs, please visit
www.lutron.com/dimcilled.
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Managing risk

e Specify the relationship between control input and what you care
about (e.g. power, measured light, perceived light), as appropriate

e Undesirable behavior can be corrected (e.g. by trimming the control
output signal range, or linearizing the control input to light source
output relationship) during commissioning of some control systems

 Be aware of the potential for unintended dimming-induced
behavior (e.g. efficacy, color shift, flicker, power quality), and
evaluate, as appropriate

e Evaluate LED sources with wide input voltage ranges (e.g. 120-277)
at the voltage you intended to use them at.
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Managing risk with phase-cut dimmers

Install 3-wire dimmers in wall-box applications with neutral wires
(as now required by code)

Install NEMA SSL-7a compliant LED sources AND dimmers in existing
2-wire wall-box applications

Leverage manufacturer guidance for pairing LED sources and
dimmers

Follow loading guidance for new dimmers; de-rate existing dimmers

Newer, more sophisticated LED sources should continue to perform
better than their predecessors

Consider other (e.g. separate AC power and control signal or
wireless) dimming approaches
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http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2013_gateway_dimming.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2013_gateway_dimming.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2013_gateway_dimming.pdf

Design Process for compatibility of controls

A step-by-step process based on the Burden Museum in Troy NY.
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Brief examples based on track lighting only

T Jroxs.
T it

]
mad b Chmriey Mrting THD once csiing
Wogalhg 0 pece ceAng ASgil and frish 8 deismaiees

o h i Ty cetermmed
= st g (e 1
o Dacxf Eng
W e me
| [P D re——_
x bt |1 P T PAEE T g
O e T
B “"d . B
- < Yok aul iy S
= e
THO

e V" Cut e e e

1 ™
LEI AR LED PR
Bl
'}m B Tk cul b st

2 cpyt-Bock

ting pige I the
vlerrive the ook
ceorbrated wiih Focirican,

=
1
Caillpction | Storage T ok I
1 Gl Wil !
Uaing T} ancn i |
s one parday |
® !

LD 4K TEY |l Men's room
™

EETR ST S
] 1
I
I
Fat| 1

1 ADA Entrance
|
I
Wimen's racen . !

o=l
Vg T ki |
Sxvbiam v sawd v O Uk
LA et v] T
ok ot ooy o 1l ™
(‘ Tiuit-og 3
nd Fre

el
[ (e be pudvtd b mnsieh e
| el il

oeet End e e e e e e 0 “'*:‘M
“or My Dwsin, Conditions 12 ba
approved by Jom Mayr Desin prior t0
avert of bl Tygial of 2 oeations i
e e
0 Lo Scheide for Main tian
“Salion
el Eye ot
4 Trunees. b Toce,
1| Darenge A Drapaieer, & B
1 Sl el
t : -
BT 0w
l/—'wliouub’ i I n Control Scheduie:for hin
1 ! f s Fomset Soms Corvrol Shation
! { |
0 I3 i)
B [ F ¥ JF BFF O § ¢ sy
¥ " e ba ponied tn maichn
[y & A & [ LI ¥ ' T ng ol
W il il W i u_ u s
i i 10 prasy ] e LD P [ LD )LD P LD Rk
0. i r [ | o 1
P it b | e Py
wine Losserior “nine Cowertr | T3 back
ok it 1a Peceaars per TeE sveiied 3 1 Lrusl-Bak

LET R

1
(%
£ 1B e

) e e St {1
%h‘l o _coan. L

RACAD S wing LA, ok g

Hudson Mohawk
Industrial Gateway

Burden Iron Works Museun
1 Fezsl ndustrial Periony
Triy, NY 12150

rean tr:

o
ute 2 Sapiwmire 7090
ek 1 - e
wert no:

L-11

16

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy



Design Process for compatibility of controls

1. Design the lighting layout and select the control system:

Select luminaires and/or lamps, and document these in the lighting
schedule.

Select the basic control system (make, model, available load type(s) of
dimmers). For wall-box dimmers, select a brand and style that offers a range
of load options such as INC, MLV, ELV, or has optional interfaces that allow
for the control of MLV, ELV or even 0-10V, as needed.

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

This includes the make and model of LED track head, LED downlight, or LED
replacement lamp for a chandelier, for example.

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

EEEEEEEEEEEE .
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3. Check the current LED product spec sheet (on manufacturer’s
website) for dimming guidance:

e Look for recommended dimmer model numbers or dimmer types (e.g., INC,
ELV), as well as minimum and maximum recommended number of sources
per single dimming zone.

e Do this for each integral LED lamp or luminaire. Note this in the luminaire
schedule or the dimming schedule.

4. Check the dimmer manufacturer’s website for a dimming report
for that specific LED source. If there is no dimming guidance from
either party, or if there is conflicting guidance, then here are two
options:

o Consider selecting a different LED product that is specifically listed for use
with that dimmer, or

e Do a mockup to evaluate dimming performance.

EEEEEEEEEEEE .
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5. Complete a dimming schedule by zone that includes the LED
luminaire type, type of dimmer for zone, maximum power (in
watts) used per zone, and minimum/maximum number of lamps
allowed per zone.

6. Repeat the steps above for each dimming zone.
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Design Process for compatibility of controls

1. Design the lighting layout and select the control system: (Luminaires/lamps
and identify make/model of control system)

e Lighting layout as shown in plans

e Control system is Lutron Grafix Eye QS (architectural
multi-scene controller). Load types on unit include
INC, MLV, neon, fluorescent, non-dim. Other load
types can be controlled by installing an interface
(“black box”) between the dimmer and the load that
will allow dimming of larger or more complex load
types (ELV, 0-10V, DALI, etc.)
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Design Process for compatibility of controls

2. Identify and quantify the LED

product(s) used in each dimmer o i i Fnd “\
4 i 4
° 4 Canopy Feed R (£p PAR3S Canopy Feed B 1£D PAR38 | Conopy Feed B £p PaR3S ! W
control zone: —"""—‘n B ey . fa 77 e i
_ o & |LED PARSE I LED PAR3E B> | LED PARIE S ]
ThIS InCIUdeS the make'and mOdel Of LED 27 L 12-12" Track Cut to size Ui 12-12" Track Cut o size T 12-12" Track Cut lto size
track head, LED downlight, or LED ; NN AN R | |
. Z LED PAR38 LED PAR38 | LED PAR38 I
rep/ace/ment lamp for a chandelier, for EpnT T8 8- "*‘“,éé’ bt T i L P*ﬁ’ g TED i
xample.
example o S " ® )
— Count the number of LED luminaires or | = Rl =g = ==l e | e
lamps, total the LED system watts on that B e’y L
dimming zone, and document these in 3) Jirrat Cae Supports (1) i’h’é"é'u“sﬁg?““"’ Supports (Typ.) ‘\} Arcraft Cable Supports (Typ)
dimming schedule. Sion 3 O c?.;t., S & a oo ﬁspe‘;s.ﬁ:: %o CEMSF
Deod End \-Beud End l\-I)md nd
* Control Zone 1: Track T2 + T4 (uses Grand Entrance

Par38 LED lamps, 16W each, 9 per
control zone, 144W total)

e Control Zone 2: the same.
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Design Process for compatibility of controls

3. Check the current LED product spec sheet (on mfg’s website) for dimming guidance:

 Look for recommended dimmer types (e.qg., INC, ELV), min and max recommended number
of sources per dimming zone. Repeat for each lamp or luminaire. Note these in luminaire
or dimming schedule.

 Count how many units (and how many watts total) are on that dimming zone

e Philips PAR38 LED lamp dimmer list

i“. Dimming level | Flickering | Flickering | Flickering Flickering
Max.->Min. 8 lamps
(flux%)
I lamp
I LEVITON  Decora 616l 500w LE 99%-0 No No No No
2 LEVITON  Trimatron 6684 600W  LE 100%-0 No No at~40% at~40%
3 LEVITON = SureSlide 6613 600W LE 100%-2% No No No No
4 LEVITON  lllumatech  IPIO6-1L 600W  LE 100%-9% No at~60% ~40%-50% ~0%-409%
5 LUTRON  Ariadni AY-600P 600W  LE 100%-5% No No No No
6 LUTRON  Diva DV-600P 600W  LE 99%-2% No No No at~70%
7 LUTRON  Diva DVPDC-203P 200W LE 99%-29% No ~0-50% no dimmability no dimmability
8 LUTRON  Glyder GL-600 600W LE 100%-2% No No No No
9 LUTRON  NOVA NLV-1000 |000W LE 100%-3% No No No No
10 LUTRON  Qoto Q-600P 600W  LE 100%-4% No No No at~70%
[ LUTRON  Skylark S-600P 600W  LE 90%-3% No No No at~80%
12 LUTRON  Toggler TG-600P 600W  LE 100%-5% No No No at~70%
I3 LUTRON Credenza  TT-300 300W  LE 100%-0 No No No at~40%
22 uS DEPARTMENT OF Energy Efficiency &
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Design Process for compatibility

4. Check the dimmer mfg’s website for dimming
report for specific LED source. If there is no

dimming guidance from either party, do mockup.

Lutron Test Resulls
Date Tested:;

Model Number Tested:
Emoocth and Confinuous: Yes
Test Notes: MNone

May 4, 2010

Lutron Recommended Compatible Products

EnduraLED PAR2E dimmable 120V 16W

Fixtures Measured
Product Part Number per | Light Output Comments
Dimmer Range "
HadioRA 2 | RRD-10ND 1-16 4% 1008 Smooth and continuous
Homewiorks | HWD-5NE 1-7 3%-100% Smocth and continuous
HWD-ENE 1-8 17%-100% | Smoocth and continuous
par output Maximum of 29 fixiures
< Commercial | 15G-6P 1-14 29%-100% | Smooth and continuous
% par output Maximum of 35 fixiures
ERT oo dnnsy ous
per cuiput Maximum of 29 fixtures
interfaces | FHPM-WEX 1-29 T 100% Smooth and continuous

" Values are based on ght cutput using the spedfied dimming control, and may not be an indication of the firre's ful

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 Flucrescent dimmers, Homeworks, and Commercial Systems

products. Aefer to product documentation or www lutron.com for details.

8 ON.
Product Report Card

Manutacsuer Philips
Applicabie Model Mumbers: 92500017 123013001400

Manutacturer's
Type of Forure:
DOparaling Vallage
Input Power
Curam 185 mA,

Frequency & Hz

Conirdl Typas: Mot Specified

Dimeireg Range:  Mal Specilied

Equialent Incandescent Oulpul Powar, 45 W
Lumans i) Im (000K

iplion
FAAZA Indioor Flood
130 VAC
16 W

Lutren Test Results

Date Teated May 4, 2010

Model Bumber Tested.  EnduralED PAR3S dimmabile 120V 150
Smoath and Contirucus: - Yes

Test Notes: Mone

Lutren Recommended Compatible Products

Fiatures

Product Part Bumbsr par Lisght °|11h'| Comments
Dimmer | Range"

FadinohA 2 ARD-10MD 116 % 1005 Smocth and oorinucus

Hameworks | HWD-ENE 1-7 I 100 Smealh and partnucus

HWD-ENE 1-G 17 % 1007 Smodh and cortnucus

HW-APM-4A-120 1-18 A% 100 Smogth and congnuous

[sr il Tefastimurm of 29 liahures

Cammencial | 2205-8F 1-14 - 1000 Smaclh and softnucus

Syslams par dutpul Maximum of 55 fishres

LP-APM-dA-120 1-18 B 100 Smooth and comtnuous

e Ui Mt imiurm of 29 ldures

Inbesr: EHEMWEN 1-28 T 100 E h and eardnusis
Vakiee are based on bght cupe Lsing e cpbdled dmming 2onbol. ard may ol be an ndicason of e Lours s L1

Commenis: Some dimmans may requira a w-and 1rim adusimant. The abifty 12 sal the kw-and
frim i availahle om select 39 Fluoeessent dirimees, Hamewars, and Comimersal Syatems
products. Redar o product documentation or waew knron.com for detalis

Lutron Report Card for
Philips PAR38 LED lamp
says 1 to 14 lamps per
zone

U.S. DEPARTMENT OF Energy Efficiency &
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Design Process for compatibility of controls

5. Complete a dimming schedule by zone that includes the LED luminaire type,
type of dimmer for zone, maximum power (in watts) used per zone, and
min/max number of lamps allowed per zone.

e Dimming Schedule

PSC-1 Museum Main Hall and Entry Hall, Track Lighting
Zone |Zone Lighting Description ) Watts per Zone Remarks
Number Type Quantity Type Track Head | Watts
————— —

Track accent 1 - Entry Hall T4 9 , 16 144 Dimm fg

Track accent 2 - Entry Hall T4 9 Li?n':ﬁ?‘rral 16 144 ds 1
3 Track accent 1 - West T 9 Forw r'd Ph 16 144 to 14 lamps per
4 Track accent 2 - West T4 11 Iﬁcaﬁdesc:rf‘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

e And...Control Zone 2 is the same as Zone 1!
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Design Process for compatibility of controls

TA DA!

First 2 LED luminaire and control zones done.

EEEEEEEEEEEE
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What if there are too many LEDs for the dimmer?

What a Phase-Adaptive Power

Module does:

Module wired between dimmer -
channel and load

e Automatically senses load type

and can be adapted to INC, ELV,
MLV, or 2-wire fluorescent r

* |ncreases allowed control zone
load, from 600W to 16A

(1920W), for example, so it can [ E===R}=~
handle the larger LED effective i il
load - [ Sa ]l ﬂ

e Can it be used for a non-dim e = %Jjgﬁm
load? No. But there is a different =" {@ -
module that can be. o o°

26
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Drescription: 120% Large 2 Tier Chandelicr with 587 overall diamater. 88127 fxtura height. and 114" overall height
with bottom af Hature at 128" A FF Cansists of 12 white glass shadas with 2 aperating conditions:
sk cantury dimrrable medium base white LED A I:F-.'c'fid ed by contractor] & 15th cent ury simu
lated “Gas Light wi mber LED ring and Driver that is non-dimreakle [LED Ring and Criver are
intagral ta tha chandelier). Reter to drawings and cantrel schadula tor additional infarmation.

Location: 3.1, Main Hall,

LED A1a. Load #Licn

Arber LED ring, Laad #1032

Finish: Brass with Incralac Laquer

Lamp: Each Glabe: Q. Philips Endwra LED, 1253, 120, 27000k A LED Vaoltage: 120

mad. base [pravided by contractor] it
. vparkrightleds.com, AE Angel Eye LED Ring: * AEAo-A24, A Fixture Wattage: ':G'ﬁ:\' _L E'_D &.1.9
bar 20'W, 12%, 12007k, 2.34" dinmater. Driver: & HMA-gosU Rz (LED W LED Ring

Ring and Criver integral ba the chandaliar) Type: Main Hall
Catalog # Custom Fixture: # CD-704442, 12 Arm
Spare Replacomant G|:|ss_ Shade: G, 8”7 dia. Frosted Opal White Glass C H1
Manufacturer: 5t Louis Antique Lighting Ca
Ann Marie - ambehmi@slaleocam, 3465831404 Large Chandalier
Projoct Name: JanMoyerDesign Date: 5/35012
Hudzsan Mahawk Industrial Gateway Brurawics, Mow Yok

5182354756 Tirre: 2:35 PR

Burden Iren Works, Troy, WY wermjanmayerdesign.com
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Design Process for compatibility of controls
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Design Process for compatibility of controls

You do it again for those luminaires/light sources that
have changed and revise your specs and controls

(and try to get more design fees. ®)
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Maintaining compatibility

e Effect of time on specifications:
— Project delays
— LED/driver generation changes
— Dimmer evolution

— Luminaires discontinued or changed design
e Substitutions of dimmer, luminaires, lamps, transformers.....

e Effect of mixing light sources on single dimming circuit (different
LED drivers, mixed halogen and LED, mixed LV and 120V....)

EEEEEEEEEEEE Pt
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Conclusion and Wrap-up

Promise of SSL-7A work on future
— Forward-phase cut dimmers
— LED systems designed for that SSL-7A compatible dimming signal

Development of better, smarter drivers?

In the meantime....

Do your homework for LEDs and controls
Mockups, mockups, mockups
Be tough on substitutions

EEEEEEEEEEEE
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Questions?

Michael.Poplawski@PNNL.gov
and Naomi.Miller@PNNL.gov

Pacific Northwest National Laboratory



http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/2013_gateway_dimming.pdf
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