2022/7/7 LM-80, LM-84, TM-21, TM-28 LED Lumen Maintenance Optical Aging Test — LISUN

Search... Q s
@ LISUN GROUP Home AboutUs Productsv Applicationsv Standardsv Successful Cases Newsv E-Catalog Contact Us

Home > Products > LED Optical Aging Test Instrument

LED Optical Aging Test Instrument
Product No: LEDLM-80PL

Goniophotometer > Get a Quote

Spectroradiometer > Your email address will not be published. Required fields are marked *

H Design according to
Integrating Sphere > Bt 0
LED Test Instruments > — = Name* Company*
CFL Testing Instruments > =
Photometer and Colorimeter > _-_ Email* Cell/WhatsApp
EMI and EMC Test Systems >
Message*

Electronic Ballast Tester >
Electrical Safety Tester >

Environmental Test Chamber >

Verify Code ¢
Plug and Switch Testing >
AC and DC Power Supply > == B = =
PRy m){ M)
Object Color and Glossiness Test >
Mask Produce and Test Machine >
Electronic Components Test > )
Description Video Download
Related Applications LEDLM-80PL LED Lumen Maintenance and Aging Life Test System is designed according to IES-LM-80 and TM-21, it used to test & record

the optical and electrical Maintenance for single LED or LED module, the software is based on Arrhenius model and TM-21 to calculate the
LED life. The LEDLM-80PL needs to work with a GDJW/GW Series High Temperature Chamber and and DC12010 DC Power Source.

LM-79 and LM-80 Test Solutions ) o ) ) ) )
LEDLM-84PL LED Lumen Maintenance and Aging Life Test System is designed according to IES LM-84 and TM-28, it used to test &

the optical and electrical Maintenance for LED luminaires, the software is based on Arrhenius model and TM-28 to calculate the LED

] LEDLM-84PL needs to work with a GDJW/GW Series High Temperature Chamber and and LSP-1KVARC AC Power Source.
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LED packaging principle

How to Use TM-21 and LM-80 to Estimate LED
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How to predict and test the life of LED?
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Poland 2018
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Costa Rica — Installation and training Integrating
Sphere Test System, dustproof and waterproof
test equipment, EMI/EMC test machine, etc.
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Design according te IES LM-80,
IES LM-82 and TM-21

(-
|
> . :

Specifications:

« Record the changing curves of lumen, colorimetric and electrical parameters VS time

» Test and record the light attenuation data within a short time, then software will predict the LED life

« Please click here to see one of the test report sample of LEDLM-80PL (The LEDLM-84PL report is similar but only difference is based on
T™-28)

» LEDLM-80PL/LEDLM-84PL test system can test 16 DUTs one time. (More DUTs can be special designed according to

customers’ requirements)

* LEDLM-80PL/LEDLM-84PL test system already inlcude two sets of testing devices in the temperature chamber.

* The system supply two solutions for LED Lumen Maintenance and Aging Test:

1. Strictly according to LM-80 or LM-84 to test up to 6000hours to get L50 and L70 test report based on TM-21 or TM-28, LISUN LEDLM-
80PL/LEDLM-84PL test system will be fully automatic and no need human to operate during 6000hours test.

2. LISUN LEDLM-80PL/LEDLM-84PL test system supply a fast accelerate the DUT, the software was designed based on the Arrhenius Model
to simulat 6000hours testing in a “short time” to get the L50 and L70 test report based on TM-21 or TM-28. This solution save a lot of
time for the testing company.
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Lumen Maintenance Table [%)]
Model : YL-T3528W-AA-60C Ratings : 20mA, 6.5Im, 75(Ra), 6000K
Actual Temperature : Ta = 55.0C, Ts = 65.0C Humidity : RH, = 60%
Number Of Failures : 0 Uncertainty
Drive Voltage : U = 220.1V, Freq. = 50.02Hz
No. OH 24H 48H 168H S00H 1000H 2000H 3000H 4000H S000H 6000H
1 100.45 100.36 100.00 99.46 97.21 99.01 98.01 97.47 96.75 95.85 95.74
2 §9.91 100.09 100.00 99.28 98.01 99.36 98.54 98.08 97.63 96.53 96.53
- $9.82 100.27 100.00 99.65 98.31 99.55 98.74 98.38 97.92 96.92 96.83
4 100.09 100.27 | 100.00 99.54 100.27 99.72 98.99 98.62 98.16 97.15 97.15
s 100.00 100.18 100.00 99.50 100.20 99.44 98.52 97.96 97.50 96.38 96.31
6 59.91 100.18 100.00 99.15 100.32 98.99 98.17 97.71 97.25 96.24 96.25
Median 99.95 100.23 100.00 99.48 99.25 99.40 98.53 98.02 97.56 96.46 96.42
Average 100.03 100.23 100.00 99.43 99.05 99.34 98.49 98.03 97.53 96.51 96.47
Std. deviation] 0.2260 0.0948 0.0000 0.1829 1.3750 0.2941 0.3587 0.4215 0.4998 0.4715 0.4893
Min. $9.82 | 100.09 | 100.00 | 99.15 97.21 98.99 | 98.01 97.47 | 96.75 95.85 95.74
Max. 100.45 100.36 100.00 99.65 100.32 99.72 98.99 98.62 98.16 97.15 97.15
LEDLM-80PL LED Optical Aging Test Report (Sample)
Tags : LED Optical Aging Test Instrument , LEDLM-80PL
Goniophotometer | Integrating Sphere | Surge Generator f L 4 9 in © Copyright 2003 | Blog |

Surge Generator | Emc Test System | Emi Receiver | Electrical Safety Tester | Temperature Chamber | Salt Spray Test | Environmental Chamber | Sitemap
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Copyright 2015 by the llluminating Engineering Society of North America

Approved by the IES Board of Directors, June 26, 2015 as a Transaction of the llluminating 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 Office in
New York. Careful attention is given to style and accuracy. If any errors are noted in this document, please
forward them to the Director of Technology, at the above address for verification and correction. The |ES
welcomes and urges feedback and comments.

ISBN # 978-0-87995-315-7

Printed in the United States of America.

DISCLAIMER

IES publications are developed through the consensus standards development process approved
by the American National Standards Institute. This process brings together volunteers representing
varied viewpoints an@-interests to achieve consensus on lighting recommendations. While the
IES administers th&wprocess and establishes policies and procedures to promote fairness in the
development of:consensus, it makes no guaranty or warranty as to the accuracy or completeness
of any information published herein.

The |IES dis¢laims liability for any injury to persons or property or other damages of any nature
whatsoever, whether special, indirect, consequential or compensatory, directly or indirectly
resulting from the publication, use of, or reliance on this document

In issuing and making this document available, the |IES is not undertaking to render professional
or other services for or on behalf of any person or entity. Nor is the |IES undertaking to perform
any duty owed by any person or entity to someone else. Anyone using this document should
rely on his 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
requirements of this document shall not be attributable to the IES and is solely the responsibility
of the certifier or maker of the statement.
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AMERICAN NATIONAL STANDARD

Approval of an American National Standard requires verification by ANSI that the requirements
for due process, consensus, and other criteria have been met by the standards developer.

Consensus is established when, in the judgment of the ANSI| Board of Standards Review,
substantial agreement has been reached by directly and materially affected interests. Substantial
agreement means much more than a simple majority, but not necessarily unanimity. Consensus
requires that all views and objections be considered, and that a concerted effort be made toward
their resolution.

The use of American National Standards is completely voluntary; their existence does not
in any respect preclude anyone, whether that person has approved the standards,or not,
from manufacturing, marketing, purchasing, or using products, processes, or procedures not
conforming to the standards.

The American National Standards Institute does not develop standards,.and will in no
circumstances give an interpretation to any American National Standard.. Méreover, no person
shall have the right or authority to issue and interpretation of an American National Standard in
the name of the American National Standards Institute. Requests for interpretations should be
addressed to the secretariat or sponsor whose name appears on.the:title page of this standard.

CAUTION NOTICE: This American National Standard“may“be revised at any time. The
procedures of the American National Standards Institute'require that action be taken to reaffirm,
revise, or withdraw this standard no later than five years from the date of approval. Purchasers
of American National Standards may receive current information on all standards by calling or
writing the American National Standards Institute.
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Please refer to the IES Bookstore after you have purchased this IES Standard,

for possible Errata, Addenda, and Clarifications, www.ies.org/bookstore.
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INTRODUCTION

LEDs typically exhibit very long operational life char-
acteristics and, depending on drive current and use
conditions, can be in use for 50000 hours or longer.
The light output from LEDs slowly decreases over

time. This characteristic of declining output without
catastrophic failure creates a risk that an LED-based
lighting product near end-of-life may be operating, but
“performing outside the product's specification, or out-
side required codes, standard practices or regulations.
LEDs may also undergo gradual shifts in the emitted
spectra over time that may result in unacceptable
appearance, color rendering or degraded efficacy.

This document describes the procedures by which
LEDs are tested for the luminous (or radiant, or pho-
ton) flux maintenance and chromaticity maintenance
or wavelength changes over time when operated
under controlled environmental and operational con-
ditions. The resulting measurements may be used
for comparison of LEDs, and they may be utilized in
models that project long-term changes in light output
during the life of the LEDs.

Summary of changes from the previously published
IES LM-80-08 Approved Method: Measuring Lumen
Maintenance of LED Light Sources

The scope within this ANSI/IES LM-80-15 has been
expanded to include tests for three types of flux
maintenance along with tests for how chromaticity
changes over time. LED drive characteristics have

been updated to include pulse width modulated cur-

rent, DC constant voltage and AC requlated voltage

drive. The maintenance test duration and measure-

ment interval are_no_longer specified but rather left

for_determination accordingsio the intended lisage
of the data. The reporting section is more specific
with regard to the required data. Requirements for
thermal measurements have been clarified to reflect
industry best practices.

1.0 SCOPE

ANSWIES LM-80-15 provides the methods for mea-
surement of luminous flux and color maintenance for
LED packages, arrays, and modules.The document
covers lumin i inte-
nance and color maintenance including changes in
chromaticity coordinates, peak wavelength, or cen-
troid wavelength versus time.The maintenance char-
acteristics are measured under controlled conditions
that allow direct comparison of results obtained at
different laboratories.

ANSI/IES LM-80-15

ANSI/IES LM-80-15 does not provide guidance or
make any recommendation regarding predictive
estimations or extrapolation for the maintenance
characteristics beyond the time duration of the
actual measurements.

2.0 NORMATIVE REFERENCES

2.1 The IES Nomenclature Committee

ANSI/IES RP-16-10, Nomenclature and Definitions
for llluminating Engineering. llluminating Engineering
Society of North America. New YorksNew York, 2010.

2.2 ASTM Standard E230/E23M-112

Standard  Specification,. and Temperature-
Electromotive Force (EMF) Tables for Standardized
Thermocouples, _ ASTM' International, West
Conshohocken, PA, www.astm.org.

3.0 DEFINITIONS

3.1 Air Temperature (Ta)

The/temperature of the air surrounding the DUT
(Device Under Test) during the maintenance test.

3.2 Case Temperature (T)

The temperature measurement point for the DUT is
defined by the DUT manufacturer. In some cases
the temperature measurement point is defined as
the solder point on the printed circuit board. In other
instances this is defined as a specific location on the
DUT case. Thus T is sometimes designated as T,
or T in manufacturer’s literature.

3.3 Centroid Wavelength (A.)
Wavelength at the “center of gravity” of the spectrum

shape of a monochromatic DUT is the weighted
average of each wavelength defined by

where 1 is the wavelength; and S(2) is the spectral
power distribution of the monochromatic DUT.
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ANSVIES LM-80-15
34 Device Under Test (DUT)

An LED package, array or module which is undergo-
ing the maintenance test.

35 Dominant Wavelength (A.4)

The dominant wavelength A4 is the wavelength of a
monochromatic stimulus that, when additively mixed
in suitable proportions with the specified achromatic
stimulus, matches the color stimulus considered.

3.6 Drive Level

The nominal external voltage or current applied to a
DUT during the maintenance test or a photometric
or electrical measurement. Drive level is specified in
amperes for DC constant current drive, volts for DC
constant voltage drive, or RMS volts for AC regu-
lated voltage.

3.7 DUT Failure

A DUT shall be declared a failure if it suffers dam-
age due to mishandling or if its luminous flux, photon
flux or radiant flux decreases by 90 percent, i.e., (10
percent of the initial flux value) or more.

3.8 Luminous Flux Maintenance

Luminous flux maintenance (often referred.to as
“lumen maintenance”) is the remaining Juminous
flux output (typically expressed as a percentage
of the initial luminous flux output) “at any selected
elapsed operating time. Luminous flux maintenance
(or “lumen maintenance”) is the ‘converse of lumi-
nous flux depreciation (or “lumen depreciation”).

39 Maintenance Test

Maintenance test is.the continuing steady operation
test for the DUT. when'it is energized under specific
electrical and.environmental conditions.

3.10 Measurement Interval

The measurementinterval is the elapsed time between
two photometric and electrical measurements.

3.1 Peak Wavelength (A,)

The peak wavelength A,, is the wavelength at the
maximum of the spectral distribution.

3.12  Photon Flux (¢p)

The photon flux emitted by a DUT in the wavelength
interval from A to Az is:

@ qufb
= [—@,(A)dA
"{th AN,

where N is Avogadro’s number; h is Planck’s con-
stant; ¢ is the speed of light and is ¢,(4) the spec-
tral radiant flux, measured in W/nm. ¢, is usually
expressed in u mol/s.

3.13  Photon Flux Maintenance

Photon flux maintenance is the remaining photon
flux output (expressed as a percentage of the initial
photon flux output) at any selected elapsed operat-
ing time.

3.14  Radiant Flux (¢e)

Radiant flux ¢ is the time rate of flow of radiant
energy over an infinite wavelength interval, or a
limited waveléngth range of the measurement equip-
ment (A1, 42). It should be calculated as the integral
of spectral radiant flux over that wave ¢,(4) length
interval:

2
@, = (®,(4)dA.
I

3.15 Radiant Flux Maintenance

Radiant flux maintenance is the remaining radiant
flux output (typically expressed as a percentage of
the initial radiant flux output) at any selected elapsed
operating time.

4.0 PHYSICAL AND ENVIRONMENTAL
CONDITIONS

4.1 General

It is recommended laboratory practice that the stor-
age and testing of DUTs should be undertaken in
a relatively clean environment. Prior to operation,
DUTs should be cleaned to eliminate handling
marks and the manufacturer's handling instructions
should be observed, e.g., electro-static discharge
(ESD) instructions. DUT testing chambers or test
environments should not release volatile organic
compounds, halogen and sulfur compounds, or other
contaminants that can interact with silicone, lead
frames or other components in a DUT.
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42  Humidity

During the maintenance test, humidity shall be

maintained to less than 65 percent RH, or other
pre-defined RH level within a tolerance of +5 per-

cent, throughout the maintenance test. The chosen
humidity test condition (less than 65 percent or pre-
defined) shall be reported.

4.3 Air Temperature

During the maintenance test, air temperature, Ta,
shall be maintained at a temperature that is higher
than the nominal test case temperature minus 5°C
(e.g., if nominal case temperature = 55°C, then Tx =
50°C). Ta should be monitored within the test cham-
ber or environment during the maintenance test. Ta
should be measured at a location chosen to best
represent the surrounding air without introducing

inaccuracies (e.g., due to light absorption).

Note: Maintenance tests conducted in a chamber
may have passive (i.e., no external air exchange) or
active (i.e., forced external air) methods to maintain
the air temperature.

4.4 Air Movement

During the maintenance test, the air movement
should be controlled so that no significant volume
of external air that is at a temperature below.the
surrounding air temperature, Ta, limit specified ‘in
Section 4.3 is injected into the test chamber or
environment.

4.5 Temperature Measurement,Equipment or
System

The temperature measurefment equipment or sys-
tem used for temperature measurements shall have
an_expanded uncertainty. (k=2) of less than 2.5°C.
Thermocouples, if used, shall comply with ASTM
E230 Table 1 “SpecialLimits” (+1.1°C or 0.4 percent,
whichever is greater). Temperature sensor elements
shall be shielded from direct DUT optical radiation.

5.0 ELECTRICAL CONDITIONS

54 DUT Drivers

DUTs shall be operated using external drivers.
Electric power provided shall be one of the following:
DC constant current; pulse width modulated (PWM)
current; DC constant voltage; AC regulated voltage.
The input power type should be chosen to match
the DUT's primary mode of operation specified by

ANSI/IES LM-80-15

the manufacturer (e.g., constant current, constant
voltage, or AC voltage).

5.2 Drive Level Value

The drive level value used for the maintenance
test (DC current, DC voltage, or AC RMS voltage
and frequency) shall represent the manufacturer’s
expectation for users’ applications, and it should be
within the DUT's recommended operating range.
Ideally, the value should match that used for the
manufacturer’'s datasheet flux rating.

53 DC Constant Current Drive

5.3.1 Circuit Arrangement DUTs shall be driven
individually with dedicated drivers, or in series cir-
cuits with a constant current., At" photometric and
electrical measurement.intervals, DUT forward volt-
age shall be measured and reported.

5.3.2 Current Regulation The forward current
shall be regulated towithin +3 percent of the nominal
value during the maintenance test. Forward cur-
rent regulation’ during photometric and electrical
measurements shall be within £0.5 percent of the
nominal'value. Peak-to-peak current ripple shall not
exceed 3 percent of the nominal value at any time.

54 Pulse Width Modulated (PWM) Current
Drive

5.41 Circuit Arrangement DUTs shall be driven
individually with dedicated drivers, or in series cir-
cuits with a PWM current. At photometric and elec-
trical measurement intervals, DUT forward voltage
shall be measured and reported.

54.2 Current Regulation The forward current
shall be regulated to within £3 percent of the nominal
value during the maintenance test. Forward current
regulation during photometric and electrical mea-
surements shall be within +1 percent of the nominal
value. PWM current transitions (rising_and_falling
current edges) shall occur within 1 percent of nomi-
nal on/off transition times. The cabling between the
drivers and DUTs should be designed to minimize
current errors due to cabling losses. For example, an
inappropriately designed cable would result in cur-
rent bypassing the DUTs by flowing through parallel
cabling capacitance.

55 DC Constant Voltage Drive

5.5.1 Circuit Arrangement DUTs shall be driven
individually with dedicated drivers, or in parallel cir-
cuits. External current regulating components such
as resistors may be used per the manufacturer’s
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ANSI/IES LM-80-15

recommendation. At photometric and electrical mea-
surement intervals, DUT forward current shall be
measured and reported.

5.5.2 DC Voltage Regulation Forward voltage
shall be regulated to within £1 percent of the nomi-

nal value during maintenance test and within +0.5

percent of the nominal value during photometric and
electrical measurements.

5.6 AC Regulated Voltage Drive

5.6.1 Circuit Arrangement DUTs shall be driven
individually with dedicated drivers, or in parallel
circuits. The AC drive shall operate at the same
frequency throughout the maintenance test. External
current regulating components such as resistors
may be used per the manufacturer’s recommenda-
tion. At photometric and electrical measurement
intervals, DUT RMS current shall be measured and
reported.

5.6.2 AC Regulation The AC RMS voltage shall
be regulated to within +1.5 percent of the nominal
value during maintenance test and within_+0 r-
cent of the nominal value during photometric and
electrical measurements. Voltage total harmonic dis-
tortion of the AC voltage source shall not exceed +3
percent and the AC frequency shall be maintained
within 0.5 percent during maintenance testing.

6.0 PHOTOMETRIC AND ELECTRICAL
MEASUREMENT PROCEDURES

At each measurement interval, the photometric and
electrical measurements for the DUTs shall be per-
formed per the following procedures. The measure-
ment equipment calibration shall be in accordance
with manufacturer specifications.

6.1 DUT. Photometric and
Measurements

Electrical

Photometric and electrical measurements should
be performed using a measurement method that
optimizes the repeatability of the measurements.
IES LM-85-14 Approved Method: Electrical and
Photometric Measurements of High Power LEDs can
be referenced for developing an appropriate method.

Flux and chromaticity measurements shall be made
using a measurement system employing an integrat-
ing sphere, hemisphere or other equivalent geom-
etry. Initial measurement value of radiant, photon or
luminous flux shall be reported in the units defined
in Section 3.0. Subsequent flux measurements

shall be normalized to a value of 1 (100 percent) at
0 hours. For such normalized measurements, many
systematic error components will be cancelled out,
assuming the same measurement set up is used with
no changes during lumen maintenance testing of a
DUT. To minimize errors due to differences in cali-
bration references, the same standard lamp (or any
other calibration reference source) should be used
throughout the maintenance test. It may also be use-
ful if stable LED packages (“monitor LEDs"), not part
of the maintenance test, are measured together with
DUT to monitor the stability of the sphere responsiv-
ity. Corrections may be applied based on this data
and shall be documented in the test report.

For chromaticity maintenance;the chromaticity shall
be expressed in CIE 1976 (u',v") coordinates. The
change in chromaticity shall'be calculated from chro-
maticity at 0 hour and.chromaticity (u',v%) at 0 hours
of (u',v'i)operation:

1 4 '
Aw'=u, ~u,

y f__ !
A=V, -v,

1 12 12
Au'v'=+Au" +Av

6.2 DUT Measurement Temperature Condition

The same DUT temperature condition shall be used
for all DUT measurements. A condition of 25°C is
commonly used in industry. To facilitate comparison
of measurement data, the temperature condition and
the temperature measurement point location shall be
reported. The measurement point location may be a
laboratory central monitoring point, such as a room
ambient air temperature monitor, a sphere ambient
air temperature probe, the temperature of an actively
controlled heat sink, or any other point that can be
correlated to the DUT selected temperature condi-
tion. The temperature measurement point shall be
within +2°C of the measurement temperature condi-
tion prior to starting any measurement.

6.3 DUT Measurement Drive Level

Photometric and electrical measurements shall be
made using the maintenance drive level.

7.0 MAINTENANCE TEST PROCEDURES

74 Seasoning or Aging

No seasoning or aging shall be performed beyond
that done by the manufacturer for the product prior
to its release to consumers.
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7.2 DUT Tracking

Each DUT sample that undergoes a maintenance
test shall be tracked throughout the test. For DUT
sample selection, see Annex A. Extra DUT samples
may be useful in the event that some samples are
determined to be failures under the guidelines listed
in Section 3.7. All samples tested shall be included
in the report.

7.3 Timekeeping

For a maintenance test, accurate recording of
elapsed operating time is critical. Measurement
intervals shall be timed with computer-based timers,
an_elapsed time meter, video _monitoring, current
monitoring or other monitoring devices. A timer shall
be associated with a particular test position and shall
accumulate time only when the installed DUTs are
energized. In the event of a power failure, monitoring
devices shall not accumulate time. Timing uncertain-
ty, including time in which the DUTs are energized
but not yet within the DUT case temperature limits,
shall not_exceed 0.5 percent of the measurement
interval.

7.4 DUT Case Temperatures

DUTs shall be operated during the maintenance test
at a minimum of two case temperatures, Ts. The
case temperatures and drive level should be select-
ed by taking into account the LED light sources’
intended applications, the manufacturer’s~recom-
mended operating parameters, and"the -eventual
use of the testing data. At least one of the case tem-
peratures shall be either 55°C or 85¢C. These case
temperatures are commonly used for ifdustry test-

ing to support direct product comparisons of testing
results. The drive level may“be different for different

case temperatures. However interpolation, using the
method described indES TM-21-11, Projecting Long
Term Lumen Maintenance of LED Light Sources +
Addendum A), which'ean predict luminous flux main-
tenance at temperatures between two testing case
temperatures, requires the same drive level for the
two case temperatures.Testing at three or more tem-
peratures offers more accurate interpolations and a
measured value at an intermediate temperature to
cross-check against interpolated results based on
higher and lower case temperatures.

During the maintenance test, the DUTs’ case tem-
perature, Ts, shall be maintained at a temperature
that is higher or equal to nominal test case tempera-
ture minus 2°C (e.g., if nominal case temperature =
55°C, then T; = 53°C). Case temperatures shall be
monitored during the maintenance test using one of
the monitoring methods listed in Annex B.

ANSVI/IES LM-80-15
7.5 Maintenance Test Duration and
Measurement Interval

An initial photometric (luminous flux, or radiant flux,
or photon flux) and colorimetric (chromaticity values
or wavelength) measurement shall be performed
prior to commencing the maintenance test, and
recorded as the zero hours data.

Photometric and colorimetric measurements of the
DUT shall be made at each measurement interval of
the maintenance test duration.

The maintenance test duration and measurement
intervals shall be based on, and consistent with, the
design operating life, the intent of the test including
evidence of compliance to the regulations requested,
and planned analysis of the data (e.g., data for pre-
dictive luminous flux maintenance modeling, or data
for actual luminous flux maintenance validation).

76 Recording DUT Failures

Checking for DUT failures as defined in Section 3.7
either bywvisual observation or automatic monitor-
ing shall be done at every photometric and electri-
cal measurement interval. Failed DUTs shall be
reported. Failed DUT photometric and electrical
measuremepnt_data shall_be excluded from report
Section 8.8.

8.0 TEST REPORT

The report shall list all pertinent data concerning
conditions of testing, type of equipment, and types
of DUTs. The items listed in Sections 8.1 to Section
8.8 shall be reported:

Administrative Information

1. Testing agency identification
2 Report issue date

3. Testing start date

4 Testing completion date

DUT Identification

1. DUT manufacturer’s name

2. DUT identification, e.g., model number

3. Description of DUT including if the DUT is
an LED package, array or module

4. Number of DUTs (sample size) tested.

Maintenance Test Conditions

1. Nominal case temperatures
2. Air temperatures
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ANSVI/IES LM-80-15

3.
4,
5.

Description of air movement
Relative humidity level
Drive level for DUTs

Test Equipment

1.
2.

Description of testing equipment
External drive regulating components,
if used

Maintenance Test Duration (in Hours)

Measurement Intervals (in Hours)
Failed DUTs

1.
2.

Number of DUT failures.
Approximate time of each failure observed

Working DUTs Results

1.

2.

Initial and subsequent luminous flux, or
radiant flux, or photon flux

Initial and subsequent chromaticity coor-
dinates, or dominant wavelength, or peak
wavelength, or centroid wavelength
Average value, median value, standard
deviation, minimum and maximum value
for all of the DUTs at each measurement
interval

Electrical drive level for the photometric
and electrical measurements
Measurement point temperature and tem-
perature measurement point location for
photometric and electrical measurements
A description of the photometric mea-
surement method

Optional ltems

1.
2.
3.

Copyright llluminating Ei
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ANNEX A. DUT SAMPLE SELECTION

(This informative annex is not part of ANSVIES
LM-80-15 and is included for information only.)

Sample sources should be selected based upon the
anticipated use of the test data. In some cases DUTs
are selected to be representative of the overall LED
light source population. In other cases sampling is
specifically skewed to test DUTs that are known to
be more prone to flux depreciation. For example,
DUTs at warmer color temperatures might be select-
ed to represent both warm and cool white LED light
sources. For more information about sampling see
IES TM-21-11.

ANNEX B. MONITORING OF CASE
TEMPERATURES (NORMATIVE)

Case temperature monitoring verifies that all DUTs
are being operated within the temperature require-
ments of Section 7.4. Ideally, each individual DUT
should be monitored using a separate temperature
sensor. For maintenance testing on a small scale,
direct measurement of DUT case temperature is
practical. If directly measured, the temperature probe
shall be attached at the manufacturer-designated
case temperature measurement point on the DUT,
Beyond a few dozen DUTs, it becomes very chal-
lenging to properly attach, shield and monitor the
thermocouples or other sensors needed for direct
measurements. If direct measurement of each DUT
in a sample set is not practical, one of the methods

below may be used. Regardless of the methiod used,

the minimum DUT temperature in‘a.sample set shall
he used for the test report.

B1. Temperatures Calculated Using a Thermal
Model

In the Thermal Model method, DUT temperatures
shall be calculated using a thermal model that is
referenced to a known, directly measured tem-
perature point. This is a mathematical model of the
heat transfer from the DUT to its surrounding envi-
ronment. The heat originates in the DUT from the
applied electrical heating power. It is then conveyed
to the surrounding environment through conduction,
radiation, and convection. In many cases one type
of heat transfer dominates — for example convection
often dominates for low power radial lead LEDs test-

ed on non-metallic circuit boards, and conduction is

dominant for high power LEDs that are attached to
a directly cooled Metal Core Printed Circuit Board

ANSVIES LM-80-15

(MCPCB). Where one type of transfer dominates,
a simplified model may be used to estimate case
temperatures. The example below presents a high
power LED calculation.

DUT Characteristics:
vV 3.4V nominal, 3.2V
f minimum, 3.5V maximum
Iy 700mA
Radiant heat transfer
(obtained from optical 33 percent

measurements)

Convective heat transfer
(estimated based upon test | 10 percent
conditions and air flow)

Conductive heat transfer | 57 percent

Testing Scenario:

DUTs are mounted on a MCPCB that is attached to a
water-cooled heat sink maintained at a process tem-
perature (water inlet.to.heat sink) of 44°C. Radiated
light is not reflected,back to DUT.

Calculation Results:

Minimum | Median | Maximum
Heat Sink
Temperature, 44 45 46
Measure (°C)
Drive Level (A) 0.7 0.7 0.7
LED Light Source 3.2 34 35

Forward Voltage (V)

Calculated LED

Power (W) 22 24 2.5

Radiated Power

( percent) o o8 33

Convective Power

( percent) 10 10 10

Conductive Heating

Power (W) 1.2 1.4 1.4

Thermal Resistance

of MCPCB (°C/W) a0 | B0 | .0

Temperature Rise

Above Heat Sink (°c) | 22 | 122 | 158

Calculated Case 53.9 57.0 618

Temperature (°C)

In this example the DUT case temperatures will fall
within a range, depending upon their location (cooler
DUTs nearer the water inlet), the DUT V; and the
thermal resistance the DUT is subjected to from its
mounting point to the heat sink.
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The model should be validated by direct Ts measure-
ments of representative DUTs — for example those
near the heat sink water inlets and exits. Care should
be taken with thermocouple placement to make sure
the thermocouples do not influence the heat flow.
Once a test set up has been validated it may not
be necessary to repeat the direct measurements for
subsequent maintenance tests on the same LED
light sources, provided that the test set up has not
changed.

B2. Temperatures Characterized Using a
Thermal Imaging Camera

In the thermal Imaging method, DUT temperatures
shall be measured using a thermal imaging cam-
era to identify the coldest DUT. This measurement
may be made with some adjustments to the testing
environment or chamber — such as opening a door,
provided that the adjustments do not significantly
alter the relative temperatures of the DUTs. As it is
difficult to perfectly specify the emissivity, the tem-

peratures obtained shall be treated as relative, rather

than absolute. The DUT with the lowest temperature
shall then be identified and instrumented with a ther-
mocouple or other temperature sensor. The case
temperature of this DUT shall then be monitored
during the operating interval. This temperature shall
be used to represent the entire sample.

B3. Temperatures
Thermocouples

Characterized Using

In the thermocouple characterization method; a sub-
set of the DUTs shall be chosen and instrumented
with thermocouples to determine the,relative tem-
peratures of the DUTs. Like the®Thermal Imaging
method, the coldest DUT shall be identified. Once
the coldest DUT has been identified, the remaining
thermocouples may be removed. The thermocouple
measurements from the coldest DUT shall then be
used to represent the entire sample.

B4. Temperatures Monitored Using a
Reference Thermal Sensor

In the reference thermal sensor method, a reference
thermal sensor shall be mounted in close proximity
to the DUTs, in a location a fixed thermal resistance
from the DUTs. The reference thermal sensor may
be, for example, a RTD (resistive temperature
detector) soldered to the DUT circuit card.It shall be
attached permanently and reliably to give repeat-
able, low uncertainty measurements throughout the
maintenance test. To determine the thermal resis-
tance from the sensor to the coldest DUT, the coldest
DUT shall first be identified using one of the methods
specified in Section B2 or Section B3. Once the
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coldest DUT is identified, the thermal resistance from
this DUT to the reference sensor shall then be mea-
sured using a thermocouple or other sensor directly
attached to the DUT. After the thermal resistance has
been established, the reference thermal sensor shall
be monitored during the life test and the sum of the
reference thermal sensor temperature and the DUT
temperature rise due to the thermal resistance shall
be reported as the minimum DUT temperature for
the entire sample.
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