IES LM-84-14

ENGINEERING SOCIETY

Approved Method: Measuring Luminous Flux
and Color Maintenancc of
LED Lamps, Light Engines,
and Luminaires


https://www.stdhive.com/standards/ies-lm-84-14-pdf/

IES LM-84-14

IES Approved Method for Measuring
Luminous Flux and Color Maintenanc?2
of LED Lamps, Light Engines, and l.um.naires

Publication of this Committee report
has been approved by IES.
Suggestions for revision should

be directed to IES.


https://www.stdhive.com/standards/ies-lm-84-14-pdf/

IES LM-84-14

Copyright 2014 by the llluminating Engineering Society of North America.

Approved by the IES Board of Directors, March 31, 2014, as a Transaction of the Illluminating Engineering
Society of North America.

All rights reserved. No part of this publication may be reproduced in any form, in any electronic retrieval system
or otherwise, without prior written permission of the |IES.

Published by the llluminating Engineering Society of North America, 120 Wall Street, New York, New York 10005.
IES Standards and Guides are developed through committee consensus and produced by the IES Offica in
New York. Careful attention is given to style and accuracy. If any errors are noted in this documert, please
forward them to Rita Harrold, Director of Technology, at the above address for verification and cori>cticn. The
IES welcomes and urges feedback and comments.

ISBN # 978-0-87995-288-4

Printed in the United States of America.

DISC_AIMER

IES publications are developed thraug ' th2 consensus standards development process approved
by the American National Standc rds 'nstitute. This process brings together volunteers represent-
ing varied viewpoints and intei 2ste to achieve consensus on lighting recommendations. While the
IES administers the proce’ss..und establishes policies and procedures to promote fairness in the
development of consencus, 't riakes no guaranty or warranty as to the accuracy or completeness
of any information publiched herein.

The IES disclaims 1>tiity for any injury to persons or property or other damages of any nature
whatsoever, whaether special, indirect, consequential or compensatory, directly or indirectly result-
ing froni the nubiication, use of, or reliance on this document.

In is¢ 1ing and making this document available, the IES is not undertaking to render professional
orathur services for or on behalf of any person or entity. Nor is the IES undertaking to perform
axv dui/ owed by any person or entity to someone else. Anyone using this document should
rely on nis or her own independent judgment or, as appropriate, seek the advice of a competent
professional in determining the exercise of reasonable care in any given circumstances.

| The IES has no power, nor does it undertake, to police or enforce compliance with the contents
of this document. Nor does the IES list, certify, test or inspect products, designs, or installations
for compliance with this document. Any certification or statement of compliance with the require-
ments of this document shall not be attributable to the IES and is solely the responsibility of the
certifier or maker of the statement.



https://www.stdhive.com/standards/ies-lm-84-14-pdf/

Prepared by the Solid-State Lighting Subcommittee of the
IESNA Testing Procedures Committee

LM-84 Working Group

Jim Anderson, Technical Coordinator

Alex Baker
Dennis Bradley
Dave Ellis

Jim Hospodarsky
Jianzhong Jiao

Mihaly Kotrebai
Kevin Krueger
Rand Lee

Emil Radkov
Michael Riebling

Solid-State Lighting Subcommittee

Emil Radkov Chair

John Adinolfi*

Carl Andersen*

Alex Baker

Peter Behnke*
Robert Berger

Rolf Bergman

Barry Besmanoff*
Carl Bloomfield*
Dennis Bradley*

Eric Bretschneider
Kevin Broughton*
Jennifer Burns*
Michael Buzard*
David Chan*

Gigi Chan

Xiaolu Chen*

Jason Chesley*
Jeonghyeon Choi*
Pei-Ting Chou*
Ashfaqul Chowdhury*
Zane Coleman*
Grace Connelly*
Keith Cook*

Steven Coyne*
James Creveling*
James Dakin*
Ronald Daubach*
Lynn Davis*
Marc Dyble
Davic Eci-al*
Phi! Elizando’
Steven Eliersick”
David Eilis
Caryl Kinsey Fox
Calvin Galberth*

*

Austin Gelder*
David Grandin*
Michael Grather
Yongfeng Guan*
Kei Haraguchi

Rudi Hechfellner*
Kyle Hemmi*
Timothy Henning*
Sylvia Herman*
Tanya Hernandez*
John Hickman*
Yoelit Hiebert*
Mark Hodapp*
James Hospodarsky
Bin Hou*

Shuming Hua*

Jeff Hulett
Po-Chieh Hung*
Andrew Jac so.

Je Jang”

Davic' Je.ikins
Andre  (Sangkyoo) Jeon*
Jiaizhong Jiao

Jia kahn
Démetrios Karambelas
hamid Kashani*
Tokihisa Kawabata*
Philip Keebler*
Shawn Keeney*
Tae Yeon Koo*
Mihaly Kotrebai
Becky Kuebler
Jaekwang Lee*
Rand Lee
Sunghee Lee*

Gary Steinberg
Ralph Tuttle
Jeremy Yon

*

Michael Lehman
James Leland®
Richard Li*

Kurt Liepmann*
Joseph Linquata
Steven Longo
Min-Hao Lu*
Jeremy Ludyian’
Ruiging-Ma
Vikrait Mohaya”
Josenh [Marclla
Ma k M~Ciear*
Grey V.cKee
Jonathan Melman*
C. Cameron Miller
Maria Nadal*
Ronald Naus*
Dante Nava*
David Neal*
Brandon Neale*®
Paul Nie*

Andy Nishida*
Michael O'Boyle*
Dan O'Hare*
Yoshihiro Ohno*
Michael O'Regan
Marcel Pabst*
Doosung Park*
Sagar Patel*
Michael Piscitelli*
Michael Poplawski*
Bruno Primerano*
Emil Radkov

Sid Rane*

Bipin Rao*

*

*

IES LM-84-14

Irina Rosputnis®
Eric "icoman
Keiin Rcng*
F.orald Rykowski
Zvelyn Sahaja*
Mark Sapcoe
Jason Schutz
Keith Scott
Frank Shum*
Scot Solimine*
Lloyd Stafford*
Gregory Staples*
Gary Steinberg
Heidi Steward”
Jacki Swiernik*
David Szombatfalvy*
Ted Tomonaga*

Ralph Tuttle

Tatsukiyo Uchida*
Venkat Venkataramanan®
Yaqi Wang*

Joseph Welch*

Kurt Wilcox*

Brienne Willcock*
Vivian Wu*

Wensheng Xu*

Jeremy Yon

Richard Young*

William Young*

Gary Yu*

John Zhang

Yuqin Zong*

*

* Advisory Member
** Honorary Member


https://www.stdhive.com/standards/ies-lm-84-14-pdf/

IES LM-84-14

IES Testing Procedures Committee

Cameron Miller, Chair

C. Andersen
L. Ayers*

A. Baker*

R. Berger

R. Bergin*

R. Bergman
E. Bretschneider
D. Brooks™

K. Broughton*
D. Chan*

P-T Chou*

R. Collins*

K. Curry*

R. Daubach*
D. Ellis

P. Franck*

R. Heinisch*
K. Hemmi*

T. Hernandez*
R. Horan

J. Hospodarsky
S. Hua*

P-C. Hung*

D. Husby**

S. Hutton*

A. Jackson

D. Jenkins*

J. Jiao

HS. Jung

M. Kalkas

D. Karambelas
H. Kashani*

R. Kelley*

M. Kotrebai

B. Kuebler

J. Lawton®

L. Leetzow*
K. Lerbs*

R. Levin*

|. Lewin*

R. Li*

R. Low*

J. Marella

P. McCarthy
G. McKee
C. Miller

B. Mosher
W. Newland
Y. Ohno*

G. Plank*

E. Radkov
D. Randolph
E. Richman*
M. Sapcoe

J. Schutz*
A. Smith*
D. Smith*

J K. Son*
R. Speck**
L. Stafford*
G. Steinberg
R. Tuttle

K. Wagner*
J. Walker*
H. Waunh*
J. Welci”
K. Wilcox™
J.Yoo*

J. Zrhang

* rdvisory Member
** Honorary Member


https://www.stdhive.com/standards/ies-lm-84-14-pdf/

1.0

2.0

3.0

4.0

5.0

6.0

7.0

Contents
S0P . .
Normative References . . ... ... . e
DefinitioNS. . . . ... e
3.1 Device UnderTest (DUT) . . ... e e e e
3.2 Luminous Flux Maintenance. . . . ... ... . .
3.3 Maintenance Test. . . ... . ... e
3.4 Non-Operational DUT . .. ... ... . e
Physical and Environmental Conditions. . . . ....... ... ... ... ... . ... . . 0o
41 General. .. ... ... ..
4.2 Mounting DUTS . ... ... e
4.3 Vibration. ... ... ... .
4.4 Ambient Temperature During MaintenanceTest .. .......... .. ... ... ... ... ... ...,
4.5 Humidity. . ... ... . e
4.6 Air Movement. . . ... ... e
4.7 Operating Orientation . . ........ ... .. . . .
Electrical Conditions . . .. ... ... ... .. e
5.1 InputVoltage . . ........ ..
5.2 ACLineVoltage Waveshape . . ... ... ... .. e e
5.3 Linelmpedance. . . .. ... ..
5.4 Voltage Regulation. . . . ... . 0
5.5 WIKING. . ..
Photometric and Thermal Mie.;surement Procedure. . .. ........... . ... ... ... . . ..
6.1 Photometry Measurer oril. . . . . . 2
6.2 LED Source Ir-Jitu T~ase Temperature Measurement . . ...............................
Maintenance test Procedures . .. ... ... .
7.1 Seaconing Or AQINg. . . .. ..o
7.2 Handling. ... ...
T MAKING . . .
7.4 Oprating CycCle. . . ... .. . e
7o TIMeEKeEPING. . . . . ..o
7.6 Operating Duration and Measurement Intervals . ... ........... ... .. ... ... .. ......
7.7 Operation of Dimmable or Controllable DUTs . . ... ......... ... ... . ... . ...
7.8 Recording Non-Operational DUTS . . ....... ... ... . e

IES LM-84-14


https://www.stdhive.com/standards/ies-lm-84-14-pdf/

IES LM-84-14

8.0 Test Report . . ... .o
8.1 Administrative Information . . .. ... ... . . .
8.1.1 Testing agency identification. . . . ... ..
8.1.2 Reportissue date . . ... ... .
8.1.3 Testingstartdate . . ... e
8.1.4 Testingcompletion date . . . ... e
8.1.5 Description of Test Equipment . . ... ... .
8.1.6 Individual(s) performing testing. . . . . ... ..
8.1.7 Individual(s) reviewing and approving testresults. . ... ......... . ... L.
8.2 DUT Identification . ... ........ .. . .. .
8.2.1 Manufacturers name . ... ... e
8.2.2 Design (or model) identifier . .. ... ...
8.2.3 DUT identification, e.g. serialnumber. . . ........ ... ... ... ... ..... N
8.2.4 Description of DUT. . . .. ..o
8.2.5 Non-integrated LED driver or power supply ..................."% \ U
8.2.6 Date of manufacture ofthe DUT. .. ....... ... ... ... . ..... B I
8.3 Physical and Ambient Conditions ...................... Y.
8.3.1 Operating orientation . . . ... ...t
8.3.2 Ambienttemperature ............ ... ... B I
8.3.3 Humidity. .. ...
8.4 Devialions ... ... ... ..
8.4.1 Deviations from test method listed inthisdocument. ......... ... ...
8.4.2 List of non-standard conditions. . ... ... )
8.4.3 Deviation from nominal or specified operating conditions ortesting . ..................
8.5 Maintenance Test Duration (in Houre) . ... .. ... .
8.6 Measurement Intervals (in Hours) .. .. .. .. . . . . .
8.7 Non-operational DUTS. . . & . . .
8.8 ReSUItS . . ... ..
8.8.1  Luminous fluX. .o
8.8.2 Luminous fliX @in8NANCE . . . . .. oo
8.8.3 Chromaticity coordinates . .. ...
8.8.3 Electnical perameters . .. ... ..o
8.9 OtherTynical Heins .. ... .
8.9.1 Roecialtest conditions . . . .. ...
8.9.2 Measured Lso (hours) and Ly (hours) of individual DUTs, when applicable. .. ...........
6 9.3 Statement of uncertainties (if required). . ... ... ..
A-nex & Recommendations for Measurement of In-Situ Conditions LED Case Temperature, Ts. . . . ..
finnex B Rationale for not describing Maintenance Test Duration and Measurement Intervals . . . . . ..
Annex C Checking and Recording Non-Operational DUTs During MaintenanceTest . ... ...........

Informative References. . . . .. . ... e


https://www.stdhive.com/standards/ies-lm-84-14-pdf/

IES LM-84-14

INTRODUCTION

3.0 DEFINITIONS

The method for measuring luminous flux and color
maintenance of LED light sources has been docu-
mented in IES LM-80-08. At the solid-state light-
ing (SSL) system level such as LED lamps, light
engines, and luminaires, other system components,
in addition to the LED light sources, also contribute
to luminous flux decay and color change over time.
The system performance changes over time can be
directly tested at the SSL product level. This docu-
ment addresses the evaluation of the changes in
performance of SSL systems over time and can be a
useful tool for engineering evaluations and luminous
flux maintenance for entire assemblies when envi-
ronmental considerations and variability for the base
LED deprecation is incorporated into the analysis.

Furthermore, performances of SSL systems, LED
integrated lamps, non-integrated lamps, LED light
engines, and LED luminaires, are typically but not
without exception affected by operational and envi-
ronmental variables such as operating cycle, condi-
tions imposed by auxiliary equipment and fixtures,
ambient temperature, airflow and orientation. This
test method has been developed to establish con-
sistent and environmental conditions across labora-
tories to achieve reproducible results and to permit
reliable comparison of results.

1.0 Scope

This document provides the method for meaatire-
ment of luminous flux and color mainteran.e of
LED lamps, integrated; LED lamps, nor-imJ arz.ied;
LED light engines, and LED luminaires. The. method
describes the procedures to be followad ¢nd the pre-
cautions to be observed in obtaihiry and reproduc-
ing luminous flux and color niair.2nrunce measure-
ments under standard operatir. conditions.

This approved method dc>g not provide guidance
or recommendatio’is regardir.g sampling, predictive
estimations oi extiooolation of luminous flux mainte-
nance beyond tho final measurement.

2.0 \\ORMATIVE REFERENCES

e IES LM-79-08, /ES Approved Method for the
[tlectrical and Photometric Measurements of Solid-
State Lighting Proaucts.

3.1 Device Under Test (DUT)

An LED lamp, integrated; LED lamp, non-integrated;
LED light engine or LED luminaire that is being
tested.

3.2 Luminous Flux Maintenance

Luminous flux maintenance (often referred to.as
“lumen maintenance”) is the remaining ‘:1minous
flux over the initial flux (typically exprecsec.as a
percentage) at any selected elapsed opearau g ume.
Luminous flux maintenance is tha comp.2ment of
luminous flux depreciation (or “lum:.q derzciation”).

3.3 Maintenance Test

The continuing steady opeition test for the DUT
when it is energizad.

3.4 Non-Oneratic sal DUT

A DUT whi=h, ‘hen energized, does not emit light.

.0 PHYSICAL AND ENVIRONMENTAL
CONDITIONS DURING OPERATION
AND HANDLING

41 General

Variation may occur in luminous flux maintenance
values of the DUT due to changes in ambient tem-
perature or air movement due to the DUT’s thermal
management design. DUTs should be checked and
as necessary cleaned prior to measurement and
maintenance test. Manufacturers handling instruc-
tions (e.g., electro-static discharge or ESD, etc.)
shall be observed. Unusual environmental condi-
tions, such as thermal interference from HVAC
systems or solar loading, are to be reduced to levels
reasonably expected to minimize influence relative
to operation when the conditions are removed.

4.2 Mounting DUTs

The DUT shall be mounted in accordance with the
manufacturer recommendations

4.3 Vibration

DUTs should not be subjected to excessive vibration
or shock during operation or handling.
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