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1)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RECOMMENDATIONS FOR RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 9-5: Integrated systems —

———————Labeoratoery-evatuation-of stand-alone———

renewable energy products for rural electrification

FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
all national electrotechnical committees (IEC National Committees). The object <of 'IEC is to pr
infernational co-operation on all questions concerning standardization in the electrical/and electronic fiel
th|s end and in addition to other activities, IEC publishes International Standards,/Technical Specificg
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any JlEC.National Committee inte
in| the subject dealt with may participate in this preparatory work. International, governmental and
gdvernmental organizations liaising with the IEC also participate in this ‘preparation. IEC collaborates ¢
with the International Organization for Standardization (ISO) in aceofdance with conditions determin
adreement between the two organizations.

THe formal decisions or agreements of IEC on technical matters/&xpress, as nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each gechnical committee has representation frg
inferested IEC National Committees.

IEIC Publications have the form of recommendations forinternational use and are accepted by IEC N3
Committees in that sense. While all reasonable effortsh\are made to ensure that the technical content g
Publications is accurate, IEC cannot be held respoensible for the way in which they are used or fg
m|sinterpretation by any end user.

In| order to promote international uniformity, tEC National Committees undertake to apply IEC Public
transparently to the maximum extent possible in their national and regional publications. Any diver

rising
mote
s. To
tions,
“IEC
ested
non-
osely
bd by

tional
m all

tional
f IEC
r any

htions
ence

bdtween any IEC Publication and the corresponding national or regional publication shall be clearly indicated in

thg latter.

IEIC itself does not provide any attestation of conformity. Independent certification bodies provide conf
agsessment services and, in some.areas, access to IEC marks of conformity. IEC is not responsible fd
sgrvices carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

N¢ liability shall attach~tosIEC or its directors, employees, servants or agents including individual expert
members of its techpicall'committees and IEC National Committees for any personal injury, property damg
other damage of ;any“nature whatsoever, whether direct or indirect, or for costs (including legal fees
eXpenses arising-.out of the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

Attention_is’drawn to the Normative references cited in this publication. Use of the referenced publicati
inflispensable for the correct application of this publication.

Aftention is drawn to the possibility that some of the elements of this IEC Publication may be the subj

brmity
r any

s and
ge or
) and
r IEC

pns is

ect of

pdtent rights IEC shall not be held responsible for identifying any or all such patent rights

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a Technical
Specification when

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.
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IEC 62257-9-5, which is a Technical Specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.

This fourth edition cancels and replaces the third edition issued in 2016. It constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Replaced the term "stand-alone lighting kits" with "stand-alone renewable energy
products" throughout the document (including the title) to reflect that the revised document

i$ applicable to a broader range of products with a more diverse set of capabilities.

b) Removed the distinction between Class A, Class B, and Class C procedures.

c) Added an option for the AVM method in which the AVM-VE test can be conducted with a
spmple size of 6 and the follow-up test can be conducted with a sample size of 2.

d) Hrovided guidance on how to accept test results from other approved testimethods.

e) Added test methods for flooded lead-acid batteries.

f) ignificantly revised the protection tests, assessment of DC ports, appliance tests,| and
energy service calculations based on field experience.

g) Revised the voltage operating points at which testing is carried out to better reflect aptual
operation and to simplify the procedures for testing products without lights.

h) Revised the energy service calculations to include the effect of multiple simultanegusly
cpnnected loads on the port voltage and battery<to-port efficiency and to accommaqdate
products with grid or electromechanical charging.

i) HRemoved the restriction that all connections, shall be "plug-and-play."

j) Added discussion of measurement error and accuracy for DC power measurements.

This[part of IEC 62257 is to be used in conjunction with IEC 62257 (all parts).

The fext of this Technical Specification is based on the following documents:

Engquiry draft Reports on voting
82/1346/DTS 82/1385A/RVDTS

Full Information on the/voting for the approval of this Technical Specification can be foupd in

the report on voting indicated in the above table.

This[publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list ofzall parts in the IEC 62257 series, published under the general titte Recommendations

for renewable energy and hyhrinl chfﬂmc for ruyral nlnr-frifir\:afinn’ can-be found on thel |IEC

website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

+ transformed into an International standard,
* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

+ amended.

A bilingualversionof this publication mav be issued-at a later date
9 g 4
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INTRODUCTION

IEC 62257 (all parts) provides support and strategies for institutions involved in rural
electrification projects. It documents technical approaches for designing, building, testing, and
maintaining off-grid renewable energy and hybrid systems with AC nominal voltage below
500 V, DC nominal voltage below 750 V and nominal power below 100 kVA.

These documents are recommendations to support buyers who want to connect with good
quality options in the market:

o tochoose the righ’r system for the righf pla(‘n,

—

e tp design the system, and

—

. b operate and maintain the system.

Thede documents are focused only on technical aspects of rural off-gridy electrification
congentrating on, but not specific to, developing countries. They are not’'considered as all
inclusive to rural electrification. The documents do not describe a range of factors thaf can
detefmine project or product success: environmental, social, economic, 'service capabiljties,
and pthers. Further developments in this field could be introduced in-future steps.

This| consistent set of documents is best considered as ‘a) whole with different parts
corrgsponding to items for safety, sustainability of systems;y@nd costs. The main objectives
are [o support the capabilities of households and communities that use small renewable
enerpgy and hybrid off-grid systems and inform organizations and institutions in the offrgrid
power market.

The purpose of this document is to specify laboratory test methods for evaluating the quality
assufrance of stand-alone renewable energy products. This document is specifically relatéd to
renevable energy products that are packaged and made available to end-use consumefs at
the point of purchase as single, stand-alane products that do not require additional system
components to function.

The fterm "stand-alone renewable ‘energy product" is used in this document to describg this
clasg of products. Other equivalent terms, including "off-grid solar" or "rechargeable,| are
ofter] used by manufacturers, distributors, and other stakeholders to describe these prodpcts.
Many of these systems meet the definition of type Tl (individual electrification systems|with
enerpy storage) in IEC-S 62257-2.

The |ntended users of this document are:

. arket support programmes that support the off-grid lighting market with finanging,
nsumer education, awareness, and other services;

o ahufacturers and distributors that need to verify the quality and performance of products;

e Bulk procurement programmes that facilitate or place Targe orders of products; and,

e Trade regulators such as government policymakers and officials who craft and implement
trade and tax policy.

This document establishes the framework for creating a product specification, the basis for
evaluating quality for a particular context. Product specifications include minimum
requirements for quality standards and warranty requirements. Products are compared to
specifications based on test results and other information about the product. The product
specification framework is flexible and can accommodate the goals of diverse organizations
and institutions. The tests and inspections are designed to be widely applicable across
different markets, countries, and regions.
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RECOMMENDATIONS FOR RENEWABLE ENERGY
AND HYBRID SYSTEMS FOR RURAL ELECTRIFICATION -

Part 9-5: Integrated systems —
Laboratory evaluation of stand-alone
renewable energy products for rural electrification

1 $cope

This|part of IEC 62257, which is a Technical Specification, applies to stand-alone renewable
enerfy products having the following characteristics:

°
>3

Il components required to provide basic energy services are sold/ihstalled as a Kit or
mtegrated into a single component, including at a minimum:

- A battery/batteries or other energy storage device(s)

- Power generating device, such as a solar panel,“‘eapable of charging| the
battery/batteries or other energy storage device(s)

- Cables, switches, wiring, connectors and protective dé€vices sufficient to connec} the
power generating device, power control unit(s) and(energy storage device(s)

- Loads (optional), such as lighting, load adaptérycables (e.g., for mobile devices), and
appliances (television, radio, fan, etc.).

e The PV module maximum power point veltage and the working voltage of any o¢ther
omponents in the kit do not exceed 35 V»,Exceptions are made for AC-to-DC convejrters
hat meet appropriate safety standards.

= 0

NOTH This voltage limit corresponds to the(definition of decisive voltage classification A (DVC-A) for wet
locatipns in Table 6 of IEC 62109-1:2010.

e The peak power rating of the RV module or other power generating device is less than or
equal to 350 W.

e No design expertise is required to choose appropriate system components.

This|document was written primarily for off-grid renewable energy products with batterie§ and
sola modules with-DC system voltages not exceeding 35V and peak power ratingd not
exceleding 350 W, “Fhe tests contained herein are capable in many cases of adequptely
assessing systems at higher voltages and/or power ratings. In situations where the specifying
orgahizationagrees to apply these tests to products with higher voltages and power ratjngs,
the test laboratory is responsible for ensuring that adequate safety measures are employgd to
protgct technicians and test equipment. The specifying organization is also responsiblg for
defining the consumer safety requirements of these products.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60891:2009, Photovoltaic devices — Procedures for temperature and irradiance
corrections to measured I-V characteristics
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IEC 60904-1:2006, Photovoltaic devices — Part 1. Measurement of photovoltaic current-
voltage characteristics

IEC 61056-1:2012, General purpose lead-acid batteries (valve-regulated types) — Part 1:
General requirements, functional characteristics — Methods of test

IEC 61215 (all parts), Terrestrial photovoltaic (PV) modules — Design qualification and type
approval

IEC 61215-2, Terrestrial photovoltaic (PV) modules — Design qualification and type approval —

Part 2

IEC
requ

IEC
elect
met3

IEC
elect
Prisr

IEC
cons

IEC
cons

IEC
cons

IEC
rural
elect

IEC
func

CIE

CIE

T oot pronadiiraq
Z— 1 GOt oToCTUuUrcs

51427-1:2013, Secondary cells and batteries for renewable energy storage~~)Ge
rements and methods of test — Part 1: Photovoltaic off-grid application

51951-2:2017, Secondary cells and batteries containing alkaline ,0f ‘other non
rolytes — Secondary sealed cells and batteries for portable applications — Part 2: Ni
| hydride

51960-3:2017, Secondary cells and batteries containing “alkaline or other non
rolytes — Secondary lithium cells and batteries for partable applications — Pa
hatic and cylindrical lithium secondary cells and batteries<made from them

52087-2:2015, Audio, video, and related eqtipment — Determination of p
umption — Part 2: Signals and media

52087-3:2015, Audio, video, and relatéed equipment — Determination of p
umption — Part 3: Television sets

52087-6:2015, Audio, video, and> related equipment — Determination of p
umption — Part 6: Audio equipment

S 62257-12-1:2015, Recommendations for renewable energy and hybrid system
electrification — Part,~12-1: Selection of lamps and lighting appliances for off
ricity systems

52509:2010, Battery charge controllers for photovoltaic systems — Performance
ioning

15:2004,Colorimetry

D84 ,"The measurement of luminous flux

neral

acid
ckel-

tacid
rt 3:

pwer

pwer

pwer

5 for
-grid

and

CIE 13.3, Method of measuring and specifying colour rendering properties of light sources

CIE 127, Measurement of LEDs

CIE 177, Colour rendering of white LED light sources

IESNA LM-78-07, IESNA approved method for total luminous flux measurement of lamps
using an integrating sphere photometer

IESNA LM-79-08, IES approval method for electrical and photometric measurements of solid
state lighting products

IESNA LM-80-08, Approved method: measuring lumen maintenance of LED light sources
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

3.1
illu
illu
E

luminous flux received by an elementary surface divided by the area of this surface

Note || to entry: In the S| system of units, illuminance is expressed in lux (Ix) or lumens pér-square metre (Im

[SOURCE: IEC 60050-723:1997, 723-08-30]

3.2
capdcity

capdcity of a cell or a battery

elecfric charge which a cell or battery can deliver under spécified discharge conditions

Note | to entry: The Sl unit for electric charge, or quantity{of ‘€lectricity, is the coulomb (1 C = 1 A's)
practife, capacity is usually expressed in ampere hours (Ah).

[SOUYRCE: IEC 60050-482:2004, 482-03-14]

3.3
devife under test
DUT
particular sample that is being measured or observed

[SOURCE: IEC TS 62257-12-1:2015, 3.29]

3.4
lux
illumjnance produced on a surface of area 1 square metre by a luminous flux of 1 IU
unifgrmly distributed over that surface

Note || to entry:” Lux is the Sl unit of illuminance.

[SOYRCE: IEC 60050-845:1987, 845-01-52, modified — The formula has been omitted,

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

:linance
inance of an elementary surface

/m?).

but in

men

and

the note has been replaced by a new note to entry.]

3.5

colour rendering index
CRI

measure of the degree to which the psychophysical colour of an object illuminated by the test
illuminant conforms to that of the same object illuminated by the reference illuminant, suitable
allowance having been made for the state of chromatic adaptation

[SOURCE: IEC 60050-845:1987, 845-02-61, modified — The symbol "R" has been replaced by
"CRI" and the note has been omitted.]
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3.6

correlated colour temperature

CCT

temperature of the Planckian radiator whose perceived colour most closely resembles that of
a given stimulus at the same brightness and under specified viewing conditions

Note 1 to entry: The correlated colour temperature is expressed in kelvin (K).

[SOURCE: IEC 60050-845:1987, 845-03-50, modified — Notes 1 and 2 have been replaced by
a new note to entry.]

3.7
full width half maximum
FWHM

range of a variable over which a given characteristic is greater than 50 % ofzits¥maximum
valu

Note || to entry: FWHM may be applied to characteristics such as radiation patterns, spectral linewidths, etc|, and
the vdriable may be wavelength, spatial or angular properties, etc., as appropriate.

[SOYRCE: IEC 60050-731:1991, 731-01-57]

3.8
multimeter
multi-range multi-function measuring instrument intended) to measure voltage, current| and
sometimes other electrical quantities such as resistanee

[SOUYRCE: IEC 60050-312:2001, 312-02-24]

3.9
illuminance meter
instrbment for measuring illuminance

[SOURCE: IEC 60050-845:1987, 845-05-16]

3.10
photometer
instrument for measuring:light

[SOUYRCE: IEC 60050-845:1987, 845-05-15, modified — The term "photometric quantities'| has
been replacedby "light".]

3.1
pyranemeter
instrwwmmm_mmmmm—' inci ' = i iati

3.12
integrating sphere
hollow sphere whose internal surface is a diffuse reflector, as non-selective as possible.

Note 1 to entry: An integrating sphere is used frequently with a radiometer or photometer.

Note 2 to entry: An integrating sphere is used to determine the total luminous flux (lumen output) of a lighting
device.

[SOURCE: IEC 60050-845:1987, 845-05-24, modified — A second note to entry has been
added.]
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3.13

goniophotometer

photometer for measuring the directional light distribution characteristics of sources,
luminaires, media or surfaces

[SOURCE: IEC 60050-845:1987, 845-05-22]

3.14

power supply

electric energy converter which draws electric energy from a source and supplies it in a
specified form to a load

[SOYRCE: IEC 60050-151:2001, 151-13-76]

3.15
overvoltage protection
protgction intended to operate when the power system voltage ,is)in excess ¢of a
predetermined value

[SOURCE: IEC 60050-448:1995, 448-14-32]

3.16
IP class
IP rating

degrge of protection provided by enclosures for ele€trical equipment against penetration by
foreign bodies and dust/water

Note || to entry: IP classes are defined in IEC 60529.

3.17
portable
connected in a way that makes a product or subsystem easy for an individual to carry

Note || to entry: Products or subsystems are portable when two or more of the main components (energy s¢urce,
energly storage, and light source) aresconnected in this way.

3.18
fixed
designed for permapent or semi-permanent mounting and use in place

Note | to entry: Products or subsystems are fixed when the main components (energy source, energy st¢rage,
and light source)~are designed in this way.

sepdrate
1 t | dul ith | dul ted t th 1 1 hlg tH i
without-solarmodule-orwith-a-sclarmodule-connected-toother componentsviaacablethat is

sufficiently long to allow the solar module to collect energy outdoors while the other product
components remain indoors

3.20

integrated

with a solar module integrated into the same casing as the other components or connected to
other components via a cable that is too short to allow the solar module to collect energy
outdoors while the other product components remain indoors

3.21

metadata

information that relates a test result to a specific sample and provides context about the result
(e.g. specific test method used)
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3.22

light emitting diode

LED

solid state device embodying a p-n junction, emitting optical radiation when excited by an
electric current

[SOURCE: IEC 60050-845:1987, 845-04-40]

3.23
low-voltage disconnect
LVD
battgry voltage at which the load terminals of the charge controller are switched off to prgvent
the hattery from over discharging

Note [l to entry: This is a specific case of a "load disconnect point" as defined by IEC 62509:2010y_3.11.

3.24
standby loss
quantity of electricity (electric charge), expressed as a fraction of the' total battery capacity,
drawin from a product’s battery with the product switched off over a specific length of time

3.25
coefficient of variation
ratio|of the standard deviation to the mean

3.26
appljance
devige that performs a specific function providing service to an end user, such as a light, fadio,
or te|evision set

3.27
mobjle device
basi¢ mobile phone, feature phene, smartphone, tablet computer, or similar porfable
cominunication and/or computing device having an internal rechargeable battery

Note | to entry: Larger portableldevices, such as laptop computers, can also be considered mobile devicef, but
some|provisions (e.g. related to charging current and ports) may not be applicable.

3.28
port
connector (typically‘a socket) on a component that can supply power to an appliance

3.29
power control unit
compenent of a stand-alone renewable energy product that includes a battery and orje or
more—ports—pius, typicatty, the—associatedbattery mmamagement,—vottage—Tegutatiom and
overload protection components

Note 1 to entry: In the case of a product with a single power control unit, the power control unit is often referred
to as the "main unit" or "control box." A power control unit can include appliance functionality such as a light or
built-in radio. A portable appliance (such as a light) with internal battery is a power control unit if it includes a port.

3.30

main unit

component or assembly including an input for connecting the primary energy source (e.g.
solar, grid or mechanical charger), a battery, and one or more built-in appliance(s) or port(s).

Note 1 to entry: A power control unit can be a main unit, though a main unit does not necessarily have a port.
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3.31

standard operating voltage
standardized voltage corresponding to a typical battery operating point during discharge

3.32

typical battery discharge voltage
battery voltage corresponding to the "typical operating point" (e.g. the operating point
resulting in the average value of power) during discharge

Note 1 to entry: The typical battery discharge voltage is an outcome of the full-battery run time test, whi
standard operating voltage depends only on the battery chemistry and number of cells.

le the

3.33

appljance operating voltage
voltage supplied to an appliance by a port when the appliance is operating at-aparti

setti

4 |

4.1
4.1.1

A st3

g and the power control unit battery is at the typical battery discharge voltage

Product components and characteristics

Components
Overview
nd-alone renewable energy product typically comprisgs:

he main components:
an energy source:

a) solar photovoltaic module (integrated,” supported by or completely separate
the casing),

b) electromechanical charger (hand crank, pedal power, or other), and/or

c) general DC power input (normally used with a central charging station or A(
converters to charge via grid power).

one or several light sources (typically CFL or LED),

power control unit(s) (see 3.29), which can be integrated into the same casing a
light sources or in a separate enclosure,

battery/batteries,~and

loads (optional), such as appliances (lighting, television, radio, fan, etc.), and
adapter cables (e.g. for mobile devices).

In more,_complex products, some loads can include their own battery and power control unit.

he enclosure and other components:

cular

from

L-DC

5 the

load

casing or several casings (including some translucent parts in many cases),

circuits (battery charge and discharge controller, regulated voltage and cu
sources),

wiring to connect the circuits to each other and the main components,
fasteners to secure components in the casings,

switches for light control/selection,

cables and connectors,

protective devices,

status indicators/user feedback,

rrent

accessories (auxiliary power outlet, mobile device charging or other appliance

interface, radio, fan, television set, etc.), and/or

hardware for mounting.
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Throughout this document, the terms "product" and "stand-alone renewable energy product"
refer to the complete product or kit as described in 4.1.1.

4.1.2 Component categories

Components of stand-alone renewable energy products can be placed into five categories
based on the arrangement of components. The four general categories are fixed indoor, fixed
outdoor, portable separate, and portable integrated; photovoltaic modules are in an additional,
separate category. It is important to categorize components because components in different
categories have different inherent utility to the user and will encounter different environmental
conditions based on their design.

Different quality standards may apply to different categories.

Each product can contain components from multiple categories. Appliances inclduded wit
prodlct may also be categorized according to this same system.

The first word in each category name refers to the portability of the system:

Fixed components are further classified based én.the expected use location:

ixed components are designed for permanent or semi-permanent mounting and u

o _T

luch as television sets, are typically considered to be fixed.

n

ortable components are inherently portable and generally contain an internal er
purce. For example, a stand-alone renewable energy‘product can include a portable
ith a battery that can be charged from the solar module or from another battery in a
nclosure.

O <= 0 T

- |

ixed indoor components are not inherently portable and are used indoors. If a
ndoor component is connected to a component that is intended to be used outdoors (
s a PV module), the cable connegting the two components shall be sufficiently lor
lace the outdoor component._outdoors in an appropriate location while the in
omponent remains indoors®:“Otherwise, the fixed outdoor category shall a

ee Figure 1 for an example:

(NO T Q)

n the

e in

lace. In addition to many large battery packs and installed light points, certain appliahces,

ergy
light
fixed

fixed
such
g to
door
pply.

IEC

Figure 1 — Fixed indoor components and PV module — Example

Fixed outdoor components are not inherently portable and are intended to be

used

outdoors, or are connected to components intended to be used outdoors by a cable that is
too short to allow the component in question to be placed indoors. Fixed outdoor

components may contain integrated PV modules; however, PV modules without addit
components form their own category. See Figure 2 for an example.

ional
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Portable components are further classified by the presence or absence of dn‘integrated
module:
c) Hortable separate components are portable, with a battery and load permanent

IEC

Figure 2 — Fixed outdoor components with an indoor light point — Example

—

rtable integrated component or a PV module, the cable connecting the two compor
shall be sufficiently long to place the outdoor componént’ outdoors in an approp
cation while the indoor component remains indoors;cotherwise, the portable integ

ategory shall apply. See Figure 3 for an example.

e

o =

IEC

Figure 3 — Portable separate components — Example

Hortable infegrated components are portable and are charged with a solar module th
tegrated Jin the casing or is otherwise designed so that the whole component ifg
utdoers“to charge via the solar module. This includes portable components thaf
intehded to be connected to fixed outdoor or portable integrated components, or

solar

y or

mporarily joined. If the component is intended to be connected to a fixed outdor or

ents
riate
ated

at is
left
are
PV

odule, by a cable that is too short to allow the component in gquestion to be plhaced
indoors. Portable integrated components may contain PV modules; however, PV modules

without additional components form their own category. See Figure 4 for an example.
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/\

a8

IEC

Figure 4 — Portable integrated components — Example

PV modules may be subjected to different standards for durability (including physical
watefr ingress protection), and are therefore considered a separate categery:

e) HV modules include one or more PV cells surrounded by encapsulating or lamin
aterials with a transparent glass or plastic covering, plus a junction box mounted o
ck of the module for electrical connections. A PV module gan*be surrounded by a fr

typically of metal or plastic, and can include mounting bfackets or other hardware.
tegory applies only to PV modules; assemblies containing one or more PV modules
ditional electrical or electronic components, such as_circuit boards or batteries, shd
nsidered fixed outdoor components.

NOTH The requirement regarding assemblies containing PV, modules is not intended to apply to PV module
small[circuit boards or discrete electronic components such as,diodes installed in their junction boxes.

4.1. Lighting parts definitions

The portion of the product which providestlighting can also be divided into several subsys
as defined below. The subsystems aré’nested beginning with the smallest subsystem
workiing down to complete product.

ight source(s): individual.LED, CFL, or other light emitting components.

1
b) Array(s): single or grouped light sources that can be controlled independently from
drrays.

ight point(s) or lighting appliance(s): house one or more arrays and can be moved
bspect to otherlight points, if there are more than one.

1
r
Lighting unif(s): stand-alone parts of the product, each with an independent battery
gowers one\or more light points.
N
al

OTE( 'Ifvis appropriate to categorize each lighting unit (as described in 4.1.2) separately, sinc
frangement of battery and light point(s) can be different in different light units.

and

Ating
n the
ame,
This
plus
Il be

5 with

tems,
and

bther
with
that

e the

e) Stand=atone—rermewabte energy product—the—overatt pdt.,'r\dgc of illtb‘gldtcd compon
including one or several lighting units and potentially other loads or appliances.

Figure 5 below illustrates how a hypothetical product can be subdivided and categorized.

ents,

The

levels of division are labelled with letters, corresponding to the descriptions above. There are

six light sources (A) in this product divided among four arrays (B). Two of the three
points (C) have one array; the third light point (in the middle — C2) has two arrays. Note

light
that

one of the arrays — the one with three light sources — is turned off and the other is on. There

are two light units (D). The light unit on the left (D1) can be categorized as portable sepa
the other light unit (D2) can be categorized as fixed indoors. Both units are included

rate;
in a

single product (E). Note that although only lights are illustrated below, other appliances are

often included as part of the product.
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A—— 1 234 5 6
B—— 1 2 3 4
C- 1 2 3
D- 1 2
E- 1

Figure 5 — Division of a product into subsystems — Illlustrative example

4.1.4 Appliance definitions

Somg products may include or advertise compatibility with one or more appliances, sug
light$, radios, and mobile devices.Two categories of appliances are addressed in
document:

IEC

h as
this

cluded appliances are“packaged with and sold as part of the product, so |[their
rformance (e.g., power-Consumption) can be measured directly by the test laboratoryy.

dvertised applianes’ are not included as part of the product but are mentioned in the
companying advertising material, such as the product packaging or the manufactyrer’s
ebsite. This advertising can be a simple statement that the appliance can be used|with
the product-orian estimate of the run time or service provided by the appliance with & full
ttery or-after a day of solar charging. Methods are provided for evaluating these clpims
en though the appliances are not provided to the test laboratory.

In alddition, appliances can be categorized by how they are connected to the ¢ther

4 £ 4L ol
comporrents—of-theproduct:

Removable appliances can be powered or charged from the product by plugging a cable
into a port, and can be disconnected when not in use.

Built-in appliances are integrated into another component of the product so that they are
not intended to be removed by the end user. These appliances include built-in radios and
lights. The following are also considered built-in appliances for the purposes:

— appliances (such as light points) connected to the product by a permanently attached
cable that is not intended to be removed by the end user;

— appliances (such as light points) that can be removed, but that depend on a circuit or
assembly internal to another part of the product for their functionality. For example, a
light point where some or all of the driver or ballast circuit is internal to the power
control unit of the product is considered a built-in appliance. In some cases, such
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appliances can be tested as removable appliances with some modifications to the test
procedures; see EE.4.2.5.

In some cases, an appliance can be considered both "built-in" and "removable." For example,
a product could have external lights that can be plugged into specially designated ports with
brightness controls or into general-purpose appliance ports. These appliances may be tested
as built-in appliances or removable appliances; the decision should be made based on how
the appliance is likely to be used most often. It is not necessary to test such appliances using
both sets of test methods (for built-in and removable appliances).

Removable appliances can be further divided into appliances with and without internal
battgries. Different test methods for power consumption and voltage compatibility apply to
thes¢ two categories. (The term "appliance with internal battery" in this document does not
refer| to built-in appliances.)

4.1.9 Additional system elements
In addition to technical elements, a system can also include:

ackaging with information about the product,

° °
c T

ser’s manual(s),

arious advertising for the product across media: print/ radio, television, internet,| and
thers,

V|
0

e warranty support from the manufacturer, and/or
h

e hardware for mounting the PV module and other,components.

4.2 | System measurements and observations
4.2.1 General

Subglause 4.2 describes aspects of ancoff-grid lighting product that can be measured and/or
obsedrved to ascertain its quality and-performance. The aspects are grouped into categgries,
and ach aspect begins with a deseription of its relevance. The description of each agpect
concjudes with a description ofsthe result from the test procedure, the units, and an example
result. In some cases, multiple.pieces of information are grouped in a single aspect for clarity
and goncision.

4.2.2 Product design, manufacture, and marketing aspects
4.2.2.1 Arrangement of components

The |Jarrangement of components is a critical aspect to observe because it determineg the
prodct category. Different arrangements will offer different utility to the end user.

a) Testprocedure(s): Annex F: visual screening.

b) Result: qualitative description of each separate electronic enclosure and what is housed in
or mounted on each.

c) Units: qualitative description.

EXAMPLE Enclosure A contains the battery and has a gooseneck light point protruding from the top. Enclosure B
is a remote lighting point with ambient, omnidirectional LEDs mounted on the outside; it is connected to
Enclosure A with a 5 m cable. A solar module with a 6 m cable powers Enclosure A.

4.2.2.2 Charging system information

This notes all the available options for charging the device. The key items to note are whether
the device can be charged by "central" charging (e.g. via electric grid connection or at a
central charging station), "independent" charging (e.g. via an included photovoltaic or
electromechanical generator), or both. The available charging options can help determine the
utility of the device for users based on the performance aspects (see 4.2.8).
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a) Test procedure(s): Annex F: visual screening, Annex D: manufacturer self-reported
information.

b) Result (for each charging option): charger type; central or independent.
c) Units: qualitative type.

EXAMPLE Two charging options: independent solar charging via the included module, and central grid charging
via an auxiliary input designed for use with mobile phone chargers (not included).

4.2.2.3 Lighting system information

This describes the types of light sources used in the product and their arrangement. This is
impartanmtfor unmderstanding the general-product desigrm:

a) Test procedure(s): Annex F: visual screening, Annex D: manufacturer selfsreported

information.
b) Result: qualitative description of the type, number, and arrangement of light\sources.
c) Units: qualitative description.

EXAMPLE See 4.1.3.

4.2.2.4 Energy storage system information

This|describes the type and number of energy storage systems'included in the product.
a) Test procedure(s): Annex F: visual screening, Annex D: manufacturer self-reported
information.

Result: the type and number of batteries in the system.
c) Units: qualitative description.

EXAMPLE Unit A has a 3,7 V lithium-ion battery with-a%ating of 2,0 Ah; Unit B has a 3,7 V lithium-ion battery with
a ratimg of 1,0 Ah.

4.2.2.5 Battery easy replaceability

This|is an assessment of whether a low-skill technician can easily replace the battery|with
only|a screwdriver (i.e. no soldering). It is important for considering the relevance of battery
repldcement information.

a) Test procedure(s): Ahnex F: visual screening.
b) Result: a yes or.no_result on whether it is "easy" to replace the battery.
U

c) Units: yes/no.

4.2.2.6 Battery general aspects

Thege afe)the aspects of the battery(-ies) that are important for understanding selection of
replgcemment batteries.

a) Test procedure(s): Annex F: visual screening, Annex D: manufacturer self-reported
information or reference component rating.

b) Result (for each battery present): battery chemistry; nominal voltage; package type;
package size; connection type.

¢) Units: qualitative type.
EXAMPLE A sealed lead-acid 4 V prismatic package, 20 mm x 20 mm x 60 mm, wire lead connections.
4.2.2.7 Packaging and user’s manual information

Information about the packaging, user’s manual, and other consumer-facing information helps
establish a baseline for comparing measured values in truth-in-advertising assessments.
Certain programmes require particular information to be included in the manual, such as
instructions for end-of-life disposal, particularly for batteries and other potentially hazardous
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components; thorough documentation of the packaging, user’s manual, and other consumer-

facin

g information allows compliance with these requirements to be assessed.

a) Test procedure(s): Annex F: visual screening.

b) Result: there are five types of result:

1) photographic documentation of the packaging and manual (or digital copies of the

original proofs);

2) notes on the type of manual and which languages are included,;

3) description of the method or pathway for replacing components, including the battery;

yspecifications of componentsthat coutdrequire teptacement(fuses; batteries; PVY)
%) instructions for PV and product installation and operation.
c) Units: qualitative type and photographs.
4.2.2.8 Warranty information
The terms and duration of warranty coverage provided to end users are’important factors for
enggndering confidence in stand-alone off-grid lighting and trying toprevent early failure. In
practice, servicing warranties is highly variable depending on the_structure of supply| and
service chains.
a) Test procedure(s): Annex F: visual screening, AnnexX/D:T manufacturer self-reported
information.
b) HResult: detailed warranty terms and a "concise" version that highlights the key poinfts of
cpverage and duration.
c) Units: qualitative description.
EXAMPLE Detailed warranty terms are documented inyscanned attachments to test report. Coverage is against
manufacturing defects or under normal use conditions\The product in general is covered for 24 months from the
time gqf purchase; the PV module is warranted for 5 years.
4.2.2.9 Auxiliary outlets, ports and“adapters information
This|notes all the auxiliary outlets-and ports present on the product. The inclusion of [USB
portd, outlets or mobile device adapters can be an important purchasing factor for a consymer.
a) Test procedure(s): Annex F: visual screening, Annex D: manufacturer self-reported
information.
b) Result: list of included auxiliary outlets, ports and adapters, including receptacle typeg and
nominal voltage.
¢) Units: qualitative description.
EXAMPLE _The product includes two 12 V ports with barrel jacks (5,5 mm outer diameter; 2,5 mm pin diameter)
and three § V USB ports (type A receptacle).
4.2.2-46—Apptiancesinformation

This notes all the appliances included with the product and all appliances the product is
advertised to support. Some products include appliances such as radios. Others include
advertising stating that they support certain appliances or making claims as to how long they
can power certain appliances.

a) Test procedure(s): Annex F: visual screening, Annex D: manufacturer self-reported
information.

b) Result: list of included appliances and list of claims related to supporting appliances.

¢) Units: qualitative description.
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4.2.2.11 Other visual screening results

This incorporates various other important results obtained from visual screening (Annex F),
including, but not limited to, component dimensions, component masses, the number of light
output settings, and provided specifications.

a) Test procedure(s): Annex F: visual screening, Annex D: manufacturer self-reported
information.
b) Result: various results including qualitative descriptions and quantitative measurements.

c) Units: qualitative descriptions and quantitative measurements.

4.2.3 Product durability and workmanship aspects
4.2.3.1 Water protection — enclosure

This|provides a description of the product enclosure’s ability to keep out water’in terr(an of
IP clpss. For components intended to be used and/or charged outside, water protection is
impdrtant for product function as well as user safety.

a) Test procedure(s): Annex U: Physical and water ingress protection test according to
IEC 60529 or the alternative methods if the alternative method,fesults are unequivocal.

b) Result: pass or fail for IP class (second digit) and a description of degree of water
pfrotection provided by enclosure.

c) Units: pass or fail and qualitative description.

EXAMPLE The portable lamp included with the product passes(IP,x3. The lamp’s enclosure contains tight [fitting
comppnents, all of which have gaskets to prevent water intruSjon” The battery, charge controller and TV gre all
fixed [ndoor components that do not require water ingress protection.

4.2.3.2 Water protection — circuit protection and drainage

This|provides a description of any drainage ’means incorporated into a product and/or c|rcuit
boarfl protection methods used in the product. The incorporation of drainage or circuit board
protgction is crucial for products intended to be portable or used outdoors that have
enclgsures providing little to no water intrusion protection.

Test procedure(s): Annex-E+visual screening combined with Annex D: manufacturer [self-

reported information.

b) Result: qualitative description of drainage or circuit protection methods used.
U

nits: qualitative-description.

EXAMPLE The product has a conformal coating on its circuit board as well as drainage holes in the base pf the
enclogure to allowdrainage of collected water.

4.2.3.3 Water protection — overall

This| combines the protection afforded by the enclosure, circuit protection, and consumer
labelling to assess the overall protection from water exposure.

a) Test procedure(s): Annex V: level of water protection.

b) Result: descriptive assessment of exposure protection by enclosure only, technical means,
and overall system. The assessment categories are "no protection," "occasional rain,"
"frequent rain, "permanent rooftop installation for PV modules," and "permanent outdoor
exposure."

c) Units: qualitative type.
EXAMPLE Enclosure only: no protection. Technical means: occasional rain. Overall: occasional rain.
4.2.3.4 Water protection — solar module

This provides a description of an external solar module’s ability to keep out water in terms of
IP class. (If the solar module is integrated into the product enclosure, then 4.2.3.1 already
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covers the solar module.) Solar modules need to be left outside to collect solar energy;
therefore, water protection is important for solar module function as well as user safety.

a)

b)

c)

Test procedure(s): Annex U: Physical and water ingress protection test according to
IEC 60529 or using the alternative methods (U.4.4) if the alternative method results are
unequivocal.

Result: pass or fail for IP class (second digit) and a description of degree of water
protection.

Units: pass or fail and qualitative description.

EXAMPLE The product’s solar module passes |IPx4; the solar module is well sealed, providing an adequate level

of protection against water ingress.

4.2.3.5 Physical ingress protection

This|provides a description of the degree of protection from the intrusion of foreign obje¢ts a
component’s enclosure provides in terms of IP class. Physical ingress protection is impaortant

for uper safety as well as product functionality.

a)

b)

c)

est procedure(s): Annex U: Physical and water ingress protection test according to
EC 60529 or using the alternative methods (U.4.3) if the alternative method resultg are
nequivocal.

esult: pass or fail for IP class (first digit) and description-of degree of physical ingress
rotection.

cCc o 1 c —

nits: pass or fail and qualitative description.

EXAMPLE The product components pass IP 2x; the product €nclosure’s components fit together well, with[vents

small¢r than 12,5 mm.

4.2.3.6 Physical ingress protection — solarrmodule

This|provides a description of an external 'solar module’s ability to prevent the intrusign of
foreign objects in terms of IP class ¢(if the solar module is integrated into the prqduct
enclgsure, then 4.2.3.5 already covers the solar module). Solar modules need to bg left
outside to collect solar energy; therefore, physical ingress protection is important for solar

modtle function as well as user'safety.

a)

b)

c)

est procedure(s): Annex U: Physical and water ingress protection test according to
EC 60529 or using the alternative methods (U.4.4) if the alternative method resultg are
nequivocal.

esult: pass orlfail for IP class (first digit) and description of degree of physical ingress
rotection.

c o 1 c —

nits: pass‘or fail and qualitative description.

EXAMPLE( The product’'s solar module is estimated to pass IP 3x; the solar module is well sealed so thaft only

small |pafticles could intrude.

4.2.3.7 Drop resistance

This provides an evaluation of a product’s robustness and ability to withstand being dropped.
Drop resistance is important for product functionality and user safety and satisfaction in
portable components.

Test procedure(s): Annex W: mechanical durability test.
Result: pass or fail for functionality, damage, and the presence of user safety hazards.

Units: a pass or fail result on whether the DUT functions, incurred damage, and presented
a safety hazard to the user.

EXAMPLE When dropped, the product stopped working and its glass LED cover shattered, presenting a safety
hazard to the user. Functional: fail. Damage: fail. Safety hazard: fail.
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4.2.3.8 Gooseneck and moving part durability

This provides an evaluation of a product’s gooseneck or other moving part’s robustness and
ability to withstand being torqued through its expected range of motion. Gooseneck and
moving part durability is important for product functionality and user safety and satisfaction.

a) Test procedure(s): Annex W: mechanical durability test.

b) Result: a pass or fail for functionality, damage, and the presence of user safety hazards.

c) Units: a pass or fail result on whether the DUT functions, incurred damage, and presented
a safety hazard to the user.

EXAMPLE After the gooseneck/moving part test, the LEDs worked properly but there was visible damage (a
cracked housing) that did not pose a hazard. Functional: pass. Damage: fail. Safety: pass.

4.2.3.9 Connector durability

This|provides an evaluation of a product’s connectors’ robustness and ability to withdtand
plug|cycling. Connector durability is important for product functionality and user safety| and
satisffaction.

est procedure(s): Annex W: mechanical durability test.

nits: a pass or fail result on whether the DUT functions,<ncurred damage, and presgnted

1
b) Result: a pass or fail for functionality, damage, and the presence of user safety hazards.
U

g safety hazard to the user.

EXAMPLE After 400 cycles in the connector test, the PV modulels barrel plug socket detached from thg DUT
enclosure, rendering the PV module connector unusable. Functjenal: fail. Damage: fail. Safety: pass.

4.2.3.10 Switch durability

This|provides an evaluation of a product’s swifches’ robustness and ability to withstand syitch
cyclihg. Switch durability is important for product functionality and user safety and satisfagtion.

est procedure(s): Annex W: mechanical durability test.

nits: a pass or fail result-onywhether the DUT functions, incurred damage, and presgnted

1
b) Result: a pass or fail for functionality, damage, and the presence of user safety hazargs.
U

4 safety hazard to the user:

EXAMPLE After 600 cycles \in the switch test, the light switch stopped turning on the DUT. Functional: fail.
Damdge: fail. Safety: pass.

4.2.3.11  Strainwrelief durability

This|provides™an evaluation of a product’s strain reliefs’ robustness and ability to withdtand
being pulledy"Strain relief durability is important for product functionality and user safety and
satisffaction.

a) Testprocedure(s)—Ammex W Tmectamicatdurabitity test:
b) Result: a pass or fail for functionality, damage, and the presence of user safety hazards.

c) Units: a pass or fail result on whether the DUT functions, incurred damage, and presented
a safety hazard to the user.

EXAMPLE The strain reliefs all withstood the strain relief test without incurring any damage. Functional: pass.
Damage: pass. Safety: pass.

4.2.3.12 Wiring quality

This provides a qualitative evaluation of a product’s wiring quality, including (but not limited to)
neatness and connection quality.

a) Test procedure(s): Annex F: visual screening.
b) Result: a qualitative description of wiring quality.
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c) Units: qualitative description and number of failures with respect to key indicators.

EXAMPLE The product’s wires are neatly arranged (i.e. not tangled or wrapped around one another) and the
solder joints are of good quality. No bad joints, pinched wires, or other poor wiring indicators.

4.2.3.13 Battery protection strategy

This provides a quantitative evaluation of a product’s battery discharge-recharge protection
strategy / algorithm, which is important for battery longevity as well as user safety.

a) Test procedure(s): Annex S: charge controller behaviour test or Annex FF: appliance tests.

b) Result: deep discharge and overvoltage protection voltages.

c) Units: quantitative description.

4.2.4 Lighting durability aspects
4.2.41 500 h lumen maintenance
This|is a measure of the amount of light degradation after 500 h of operation at a congtant

voltjge, which can provide valuable insight into the quality of the LEDs,and/or the product’s
itry.

a) Test procedure(s): Annex J: lumen maintenance test.
b) Result: percentage of lumen output maintained after 500<h<of constant operation.
c) Units: percentage (%).

4.2.4.2 2 000 h lumen maintenance

This|is a measure of the amount of light degradation after 1 000 h and 2 000 h of operatipn at
a constant voltage, which can provide valuable insight into the quality of the LEDs and/of the
prodlct’s circuitry.

est procedure(s): Annex J: lumen maintenance test.

1
b) Result: percentage of lumen output maintained after 1 000 h and 2 000 h of congtant
dperation.

U

nits: percentage (%).
4.2.4.3 Fluorescent light durability

Thede are additional‘checks of durability for fluorescent lights that account for their urique
charfcteristics.

) Test procedure(s): Cycling test of IEC TS 62257-12-1.
b) Resultxaspass or fail for the cycling test of IEC TS 62257-12-1.
) Units;pass or fail.

4.2.5 Battery performance aspects
4.2.51 Battery capacity

This is a measure of the quantity of electricity (electric charge), usually expressed in ampere-
hours (Ah), which a fully charged battery can deliver under specified conditions, which affects
the run time of products.

a) Test procedure(s): Annex K: battery test (all chemistries), Annex D: manufacturer self-
reported information or reference component rating.
b) Result: capacity of the battery at a particular discharge rate.

c) Units: ampere-hours (Ah) at a discharge rate expressed in terms of /; A (as defined in
K.4.1).
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EXAMPLE 3,5 Ah at 0,2 [, A.

4.2.5.2 Battery round-trip energy efficiency

This is a measure of how efficient the battery is at storing energy to deliver for later use.

a)
b)
c)

Test procedure(s): Annex K: battery test.
Result: storage efficiency of the battery pack.
Units: percentage (%).

4.2.5.3 Battery storage durability

This|is a measure of battery capacity degradation from storage, which can indicate batt
that fould degrade prematurely under typical use.

a)
b)
c)

Test procedure(s): Annex BB: battery durability test.
Result: percent capacity loss from storage.
Units: percentage (%).

4.2.5.4 Battery nominal voltage

This
amp

Bries

is important for matching to the other components and determines, along with the bdttery
bre-hour capacity, the energy capacity of the battery. It depeénds on the battery chenjistry

(what materials are used to store energy) and the number‘of electrochemical cells that are in
serigs.

a)

b)
c)

Test procedure(s): Annex F: visual screening,“Annex D: manufacturer self-rep
hformation or reference component rating.

Result: nominal voltage of the battery pack.
Units: voltage (V).

4.2.6 Solar module aspects

4.2.4.1 Solar I-V curve parameters

Thede are the key parameters describing solar module performance at standard
conditions (STC: AM 1,5, 25.3C cell temperature, 1 000 W/m? irradiance) and typical mqdule
operpting temperature (TMOT: AM 1,5, 50 °C cell temperature, 1 000 W/mZ2 irradiance).

a)
b)

c)

esult (for both.STC and TMOT):
) Openccifcuit voltage (V).
2) Short*circuit current (/).

)Maximum power voltage (Vy,qp)-

Test procedure(s)=~Annex Q: photovoltaic module |-V characteristics test, IEC 60904-1.
R

brted

test

4) Maximum power current (/
5) Peak power (P
6) Voltage temperature coefficient (relative to the open-circuit voltage at STC).

mpp)'
mpp)'

Units: volts (V), amperes (A), watts (W), per degree Celsius (1/°C).

EXAMPLE STC values: V. =75V, I, = 0,55A, Vipp = 58V, Lop = 0,50 A, and Propp = 2,9 W. The module’s
voltage temperature coefficient is -0,004 2/°C.

4.2.6.2 Cable length

The length of solar module cables and other cables connected to fixed outdoor components
are important because it is one aspect that determines the product category; a minimum
length is typically specified for products to "qualify" as having separate PV modules to ensure
that a user can place the solar module, or other component, outdoors while the other
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components remain indoors. This has implications for the degree of water protection in quality
standards.

a)
b)

c)

4.2.7 Electrical characteristics

4.2.7.1 Appliance voltage compatibility

Test procedure(s): Annex F: visual screening.
Result: There are two main outputs:

1) the length of any cables that connect a portable component or fixed indoor component
to a solar module; and

2) the length of any cables that connect any fixed outdoor or portable integrated
component to any other component (other than another fixed outdoor component).

nits: metres (m)

This| provides an assessment of whether an included appliance can safely and properly
operpte over the entire set of operating conditions of the DUT, including-discharging wjith a

deefly discharged battery and charging with a nearly full battery.

a)
b)
c)

4.2.7.2 Power consumption

Test procedure(s): Annex EE: assessment of DC ports, or AnneXxFF: appliance tests.
Result: pass or fail for functionality, damage, and safety.
Units: pass/fail; qualitative description.

The power consumed by an appliance or lighting appliance in use is an important metric for
off-gfid applications in which the supply of enetgy is limited. The power consumptign is
measgured in order to calculate the run time for“systems with included appliances. Applianhces
with |internal batteries will have a power censumption when in use, and a different ppwer
consjumption when charging; the latter is measured in the appliance charging efficiency test.

a)
b)
c)

4.2.1.3 Circuit and overload protection

Test procedure(s): Annex FF: appliance tests.
Result: DC power.
Units: watts (W).

This| provides an assessment of the system’s PV overvoltage protection, output overload

protgction, and safeguards against miswiring in systems that include ports or outlets.

a)

b)

c)

Test procedure(s): Annex DD: protection tests, Annex D: manufacturer self-reported
information.

Result:ya pass or fail result on whether the unit had adequate protection, functionef, or
owed damage, fault indications or safety hazards after tests. Tables with quantithtive

C—Coa c vV Cou O vOTtaQce atrtgec—arid WV O PTOTC O

Units: volts (V), pass or fail results on whether the unit had adequate protection,
functioned, or showed damage, fault indications or safety hazards after test.

EXAMPLE The DUT uses appropriately sized fuses to provide adequate circuit protection. Spare fuses are
included and the fuse size is noted on the product casing.

4.2.7.4 Battery-charging circuit efficiency

The battery-charging circuit efficiency, or generator-to-battery charging efficiency, is a
measure of how efficient the DUT electronics are at feeding generated energy into the battery.

a)
b)
c)

Test procedure(s): Annex R: solar charge test,
Result: battery-charging circuit efficiency.
Units: percentage (%).
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4.2.7.5 DC ports

This

provides an assessment of the system’s DC ports.

a) Test procedure(s): Annex EE: assessment of DC ports.

b) Result: minimum and maximum port voltages, tables and plots of voltage, current, power

a

nd efficiency of each port.

¢) Units: volts (V), amperes (A), watts (W), percentage (%).

4.2.7.6 Appliance charging efficiency

The
metr

pow
with

a) T
b) R
c) U
4.2.9
4.2.9

Ener
stan
diffe

4.2.4.

The
solar
stan
impo
char
parti

4.2.8

effic:[ency is measured for appliances with internal batteries charging from the maim.unit.

charging efficiency and power consumed by an appliance during charging is an impo
c for use in off-grid applications in which the supply of energy is limited. The_tha

r consumption during charging is measured in order to calculate the run time: for sys
ncluded appliances that have internal batteries.

est procedure(s): Annex FF: appliance tests.
esult: appliance charging efficiency, DC power.

nits: percentage (%), watts (W).
Performance aspects
A General

gy availability, component run times and light output are key elements of performanc
I-alone renewable energy products. Some of the aspects listed below will be differer
ent light settings and appliance combinations:

2 Daily energy service

rtant
ging
The
ems

e for
t for

daily energy service is the duration®of service provided to end users after one day of

charging and depends on the-system-level performance for a particular setting.
jard solar charging day is defified as an incident solar resource of 5 kWh/m2. This
rtant metric because it is anlestimate of the day-to-day services users can expect in
jing conditions. The daily~energy service depends on the system-level performance
cular light setting and cembination of appliances.

est procedure(s)iAnnex M: full-battery run time test, Annex R: solar charge
nnex FF: applianee tests, Annex GG: energy service calculations.

esult: wattshours per day of energy available after a battery is charged from empt
ne standard-solar day.

nits: watt-hours (Wh).

3 Solar-day lighting run time

The
s an
deal
for a

test,

y for

The solar-day run time is the duration of service provided to end users from one day of solar
charging and depends on the system-level performance for a particular setting. The standard
solar charging day is defined as an incident solar resource of 5 kWh/mZ2. This is an important
metric because it is an estimate of the day-to-day services users can expect in ideal charging
conditions. It is important to note that variations in available solar energy (due to climate,
weather, or user behaviour) will result in commensurate differences in actual run time from
solar charging.

a) Test procedure(s): Annex R: solar charge test; or Annex M: full-battery run time
Annex R: solar charge test, and Annex GG: energy service calculations.

test,

b) Result: hours of operation to 70 % of the initial brightness after the battery is charged for
one standard solar day.

¢) Units: hours (h).
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4.2.8.4 Solar-day appliance run time

The solar-day run time is the duration of service provided to end users from one day of solar
charging and depends on the system-level performance for a particular setting. The standard
solar charging day is defined as an incident solar resource of 5 kWh/mZ2. This is an important
metric because it is an estimate of the day-to-day services users can expect in ideal charging
conditions. It is important to note that variations in available solar energy (due to climate,
weather, or user behaviour) will result in commensurate differences in actual run time from
solar charging.

a) Test procedure(s): Annex R: solar charge test; or Annex M: full-battery run time test,
Annex R: solar rhnrgn test Annex FF: appliannn tests and Annex GG: energy se vice

dalculations.

b) Result: hours of operation after the battery is charged for one standard solar day:
¢) Units: hours (h).

4.2.8.5 Solar charging time

The polar charging time is the duration of solar charging required for the product to rece|ve a
full ¢harge. The standard solar charging day is defined as an incident solar resourge of
5 kWh/m2. This is an important metric because it is an estimate, of the day-to-day seryices
users can expect in ideal charging conditions. It is important to note that variations in
available solar energy (due to climate, weather, or dser behaviour) will result in
commensurate differences in actual run time from solar charging.

a) Test procedure(s): Annex R: solar charge test; .o Annex M: full-battery run time [test,
Annex R: solar charge test, Annex FF: appliance/tests, and Annex GG: energy sefvice
dalculations.

b) Result: hours of solar charging required for-the product's battery(-ies) to receive a full
charge from empty to full.

c) Units: hours (h).

4.2.4.6 Main unit full-battery run-time

The main unit full-battery run time.is the duration of service provided to end users from a|fully
char@ed battery and depends.en the system-level performance for a particular setting. This is
an important metric because/it is an estimate of the services that can be provided bz the
prodlct’s main battery. If a-product is submitted with no lighting appliances, other includg¢d or
gendric appliances may be used to determine the main unit’s full-battery run time.
a) Test procedure(s): Annex M: full-battery run time test, alone or in conjunction |with
nnex GG;-energy service calculations.

.
A
b) Result: \hours of operation to 70 % of the initial brightness when beginning with a(fully
dharged battery; sometimes also known as "autonomous run time."

U

c) Units: hours (h).

4.2.8.7 Appliance full-battery run time

The appliance full-battery run time is the duration of service provided to end-users from a fully
charged appliance battery, such as a lantern, radio, fan or TV with an internal battery. This is
an important metric because it is an estimate of the services that can be provided by the
appliance once it receives full charge from the main system.

a) Test procedure(s): Annex M: full-battery run time test or Annex FF: appliance tests
(measurement according to Clause FF.9 or calculation according to FF.6.8.5).

b) Result: hours of operation to the run time endpoint after the battery is fully charged.

c) Units: hours (h)
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4.2.8.8 Grid-charge energy

The grid-charge energy is the energy delivered to the battery in an 8 h period for DUTs that
are centrally charged (i.e. with a central charging station or the grid). This is an important
metric because it provides the expected run time after a full day of grid charging.

a) Test procedure(s): Annex O: grid charge test.

b) Result: energy delivered to the battery in 8 h.

c) Units: watt-hours (Wh).

4.2.8.9 Electromechanical charger power or energy output

The electromechanical charger power output is an important metric because it allows orLe to
estir:rate the duration of user effort required each day for a given level of service fgr an
elecfromechanically charged product (e.g. one with a hand crank or bicycle pedals). In gome
prodlcts, as detailed in Annex P, energy is a more appropriate metric than powet:

a) Test procedure(s): Annex P: electromechanical charge test.
b) Result: power output of the electromechanical charger.
U

c) Units: watts (W) or watt-hours (Wh).

4.2.4.10 Standby loss

The ptandby loss measurement quantifies the current drawh. by a DUT when not in use. If the
stanglby loss is substantial, it can affect the use of the DUT

a) Test procedure(s): Annex S: charge controller behaviour test.
b) Result: average current over 10 min period.
L

c) Units: amperes (A).

4.2.9 Light output aspects
4.2.9.1 Luminous flux output
Luminous flux output is the light-output of a DUT when it is operated at the typical battery

discharge voltage or when~an individual lighting appliance is measured at the applipnce
operpting voltage. This is a key metric that compares the overall light output of DUTs.

a) Test procedure(s)"Annex I: light output test.
b) Result: averagesldminous flux.
c) Units: lumens-(Im).

4.2.9.2 Full width half maximum (FWHM) angles

The [fullwidth half maximum angle is a metric used to understand the light distribution|of a
DUT —and 15 the totat fnciuded angfe for which the iffumimation s greater than haif the
illumination at the brightest point in the plane.

a) Test procedure(s): Annex T: light distribution test.

b) Result: vertical and horizontal FWHM angles.

c) Units: degrees (°).

4.2.9.3 Average light distribution characteristics

A light distribution is the illuminance "map" of a DUT. This metric is useful for determining the
utility with respect to task lighting. The test is done with the DUT operating at the average
operating point from the full-battery run time test.

a) Test procedure(s): Annex T: light distribution test.
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b) Result: constant-voltage usable area at a specified distance, and illuminance on a work
surface of 0,3 m x 0,4 m.

NOTE The work surface dimensions were selected to correspond to two adjacent sheets of A4 paper.

c) Units: square metres (m2) and lux (Ix).

EXAMPLE The usable area at a distance of 0,75 m is 0,76 m?2 and the work surface illuminance is 40 lux.
4.29.4 Colour characteristics

The colour characteristics of light include the colour rendering index (CRI) and the correlated
colour temperature (CCT).

a) Test procedure(s): Annex I: light output test.
b) Result: CRI value and colour temperature.
U

¢) Units: CRI is unitless and the colour temperature is in kelvins (K).

4.2.10 Self-certification aspects
4.2.10.1 Product and manufacturer information

Manyfacturer-reported product and manufacturer information”Nis important for tragking
purppses as well as for ensuring the test lab has up-to-date product information.
a) Test procedure(s): Annex D: manufacturer self-reportediinformation.

b) Result: various qualitative and quantitative information.

c) Units: qualitative and quantitative.
4.2.10.2 Warranty coverage

Warnanty coverage goes beyond the terms*of a warranty and provides detail on coveragd in a
particular location. It is typically only -provided in cases where it is necessary to Verify
covefrage in a particular town or region:

a) Test procedure(s): Annex D: manufacturer self-reported information.
b) Result: qualitative description.

c) Units: qualitative description.

EXAMPLE The support infregion name] is provided by a small network of technicians who have been trained to
repair products by [manufacturer or distributor name]. For repairs that are beyond the scope of their capabllities,
replagement products_are’ provided. The consumers in [region name] can access warranty service by dialling a
phong number that is.on" a sticker placed on the original packaging.

4.2.10.3 Third-party marks and certifications

Third-party marks and certifications (e.g., UL or ISO) can be an important aspect in the eyes
of cgnsumers and investors, alike.

a) Test procedure(s): Annex D: manufacturer self-reported information.
b) Result: qualitative marks and certifications.

c) Units: qualitative description.
4.2.10.4 PAYG manufacturer declaration

In cases where products are pay-as-you-go (PAYG) or fee-for-service enabled, an additional
declaration form shall be submitted that provides more information on the PAYG aspects of
the product. The PAYG declaration form also serves as an affirmation from the manufacturer
that their product meets specific standards (e.g., that the solar module will still charge the
battery when the product is in a "locked" state).

a) Test procedure(s): Annex D: manufacturer self-reported information.
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b) Result: qualitative marks and certifications.

c) Units: qualitative description.

4.3

Constructions not specifically covered

If it is evident from the design and construction of the stand-alone renewable energy product
that a particular test is not applicable, the test is either not made or reasonable adjustments
may be made to apply the test to the product. Any modifications shall provide a level of
accuracy equivalent to the original method and shall be fit for the intended use. All
modifications shall be documented in the test report. The need for additional detailed
requirements to cope with new situations should be brought promptly to the attention of the

appr

5 Product specification

5.1
Qual

obsdrvations made about a product. Together they form a product specification.

e Quality standards set a minimum level of durability and protect buyers and users
false advertising claims.

e Warranty requirements set a minimum level of user protection from early failure.

Each criterion in a specification refers to a particular-aspect of the product, as listed in

and

The

individual who is using them as a framewaoark“for quality assurance and should conside

follo

e gvailability of products on the market with the necessary quality and performance;

Clau
insig
prod

5.2
Prod

requ
how

o jbility of buyers to pay for the products;

Dpriate committee.

General

ity standards and warranty requirements are used to interpret the measurements

equires a minimum level of quality, service, orgerformance.

standards and requirements should be appropriate for the goals of the organizatig

ving factors:

iversity of end user needs;
blerance for manufacturing variation.
se 5 describes the framework for standards and requirements in general and g

hts on the best)practices for creating a product specification. It includes a tem
Lict specification followed by guidance on completing each section.

Applications

and

from

4.2,

n or
r the

ffers
blate

anty

[.cht specifications that include some combination of quality standards and war

they are applied depending on the type of quality assurance framework.

ps of
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Table 1 — Applications of product specifications

Type of QA Example(s) of applying 4.3

framework
General market Use quality standards and general warranty requirements to qualify for institutional
support market support.

Use quality standards to qualify for "verified product" programs.

Use quality standards and other requirements to qualify for investment or financing.

Manufacturing/ For manufacturers: incorporate quality standards from market support programmes
distribution distributors in the design and production QC processes.

For distributors: set mmimum quality standards and warranty requirements for prod
to identify suppliers.

or

licts

Bulkj procurement Set minimum quality standards and warranty requirements for products to gualify in|

request for offers. If the project is in a specific location, the warranty requirements
also include specific levels of service in that particular area.

a
may

Trade regulation Set minimum quality standards for tax exemption or customs.

5.3

The framework for considering quality standards and warranty requirements presented in
document is designed to support broad types of programmes and institutions in the off
lighting market. The following key principles guide the framework.

5.4.1 General

Subglause 5.4 describes a framework for creating product specification documents for off
Iighting F|rst a bIank specmcatlon (5 4 2) is prowded that lists aII the pleces that ma

Quality assurance principles

alance quality and affordability for price-sensitivebuyers — it does not matter how
roducts perform if the target users cannot afford)them.

m < [0

—

e technical approaches that are allowed.

mpower buyers to choose the right*product for their needs and budget by focu
roduct specifications and communication on outcomes for end users.

se low-cost, rigorous, targeted tests to match the general affordability requirement
the market and accommodate both incremental and innovative changes to product de
The tests should be feasiblexfor use by a broad set of potential users.
F

ocus quality standards™an elements of a product that are difficult for typical buye
alssess themselves, like truth-in-advertising and durability.

Hocus warranty requirements on providing a baseline of support.

Product specification framework description

this
-grid

well

ncourage innovation and technological diversity. Wherever possible, be open-ended in

sing

s for
s5ign.

rs to

-grid
y be

dtion.

Finally, the mam sectlons in a specmcatlon are descrlbed in more detail with notes and
guidance (5.4.4, 5.4.5).

An

example product specification for general market support programmes is in Annex A.

A product specification has five parts:

a)
b)
c)

Scope: defines the applicability and use of the quality standards.
Test requirements: defines requirements for test result validity.

Product category requirements: unambiguously defines the categories that may be

referenced later.
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d) Quality standards: lists quality-related aspects and minimum or required results for each
aspect with a tolerance; may be subdivided by product category.

e) Warranty requirements: lists requirements for minimum levels of warranty support.
5.4.2 Product specification template
5.4.2.1 General

Subclause 5.4.2 is a blank, rough template for setting quality standards and warranty
requirements to support the goals of a programme or institution. Note that in many
applications certain criteria or entire categories of criteria do not apply and should be
remgved—Textinmitafics s intended—for reptacementand—describes—wiat—shoutd—go—im—each
space.

5.4.4.2 Scope

Desgribe the intended use of the product specification. Describe the contents in general| and
provlde guidance on how to use the document.

5.4.4.3 Test requirements

Spedgify the level of testing that is required. Typically this is quality test method (QTM) tekting
(see|Clause 6).

Desdqribe which tests and standards apply to each appliance type included with a profuct.
Desgribe if any external test results (such as test results from other IEC standards) could be
used in place of results from this document.

Desqgribe any product sampling requirements for'qualification testing.

Spegify the number of light output settings.required to be measured for products with multiple
settipgs. Typically, at least one set of test results should fully characterize the performande on
the Righest light output setting.

5.4.2.4 Product category requirements

Desgribe which product categories (see 4.1.2) are covered/allowed.

Desdqribe any other-requirements or eligibility criteria for products that are categorical |(e.g.
shall be solar charged, shall be low-voltage).

Qualjfication\as a "separate" PV module requires meeting the criteria listed in Table 2:

Table 2 — Qualification as separate PV module

Criterion Aspect(s) Required value
PV module cable 4.2.6.2 Cable length Define the length in metres that is required for qualification
length as a separate PV module.

5.4.2.5 Quality standards

The product shall meet each of the criteria listed in the truth-in-advertising (Table 3), safety
and durability (Table 4), and end user support (Table 5) tables.
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Table 3 — Truth-in-advertising tolerance

Truth-in-advertising Aspect(s) considered in Requirement
criterion assessment

System performance 4.2.8 Performance aspects Define the tolerance for deviation from

tolerance — numeric ) ratings.

ratings 4.2.9 Light output aspects

Others, if applicable

System components 4.2.5 Battery performance aspects Define the tolerance for deviation from
tolerance — numeric ratings.
ratings 4.2.6 Solar module aspects
42 7 4 Anplinnan v/ ltoon
LAk oY J
compatibility

4.2.7.2 Power consumption
4.2.7.5 DC ports
Others, if applicable

Othgr numeric ratings Multiple Define the tolerance fot-deviation from
tolefjance ratings.

Overall truth—in- Multiple Include an overall{description of the
advgrtising statement requirements, forytruth in advertising that are

not covered’by the requirements above.
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Table 4 — Safety and durability standards

Safety or durability
criterion

Aspect(s) considered in
assessment

Product category
(form factor and/or
technology)

Requirement

Level of water 4.2.3.1 Water protection — Category 1 Define level of protection
exposure protection enclosure in terms of water
(overall, technical, or . . protection integrated
enclosure-only) 4.2.3.2 Water protection — circuit assessment:

protection and drainage

. No protection, occasional

4.2.3.3 Water protection — overall rain, frequent rain, or

4.2.3.4 Water protection — solar permanent outdoor

module exposure.

4.2.10.1 Product and manufacturer Category 2, Define level of protetiion

information

4.2.2.7 Packaging and user’s
manual information

Category 3, etc.

in terms of water
protection jntegtated

Phygical ingress
protéction

4.2.3.5 Physical ingress protection

4.2.3.6 Physical ingress protection
— solar module

assessmerit.
Category 1 Define level of protection
if terms of IP class.
Category 2, Define level of protecfion

Category 3, etc.

in terms of IP class.

Mecpanical durability
— drpp test

4.2.3.7 Drop resistance

Category 1

Define type of drop telst
(2 drops or 6 drops pé
sample). Define maxignum
number of failures ouf of

the number that are
tested for damage,

functionality, and safqty.

=

Category 2,
Category 3, etc.

Define type of drop telst
(2 drops or 6 drops pér
sample). Define maxifnum
number of failures ouf of

the number that are
tested for damage,

functionality, and safqty.

Mechanical durability
— gojpsenecks and
mov|ng parts

4.2.3.8 Goosengckyand moving part
durability

Products with
goosenecks/moving
parts

Define maximum numper
of failures out of the
number that are testefl for
damage, functionality
and safety.

Mechanical durability

4.2.329 Connector durability

Products with

Define maximum numper

— copnectors connectors of failures out of the
number that are testef for
damage, functionality
and safety.

Mecpanical durability | 4.2.3.10 Switch durability All products Define maximum numper

— switches

of failures out of the
number that are testefl for
damage, functionality,
and safety.

Mechanical durability

4.2.3.11 Strain relief durability

Products with

Define maximum number

— strain relief connectors of failures out of the
number that are tested for
damage, functionality,
and safety.

Workmanship 4.2.3.12 Wiring quality All products Define maximum number

of samples with bad
solder joints, poor wiring,
etc., out of the number
that are tested.
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Safety or durability
criterion

Aspect(s) considered in
assessment

Product category
(form factor and/or
technology)

Requirement

Battery durability 4.2.3.13 Battery protection strategy | All products Define a minimum level of
. battery protection that will
4.2.5.3 Battery storage durability protect the product’s
4.2.10.1 Product and manufacturer battery and the user.
information Define maximum capacity
loss following battery
4.2.10.3 Third-party marks and durability test.
certifications
Lumen maintenance 4.2.4.2 2 000 h lumen maintenance | All products Define maximum number

fonmanlac that poay {'—,I'l
tHatHay—{

specified lumen
maintenance critéria qut
of the number-that arg
tested.

Fluorescent light

4.2.4.3 Fluorescent light durability

Products with

Define maximum numper

protgction, PV
overnvoltage
protection, and
miswiring protection

protection

durapbility fluorescent lights of failures out of the
number that are testepl.
AC-IDC charger 4.2.10.1 Product and manufacturer | Products with AC- Define acceptable safety
safefy information DC chargers approval marks and
included certifications for AC-0C
4.2.10.3 Third-party marks and chargers
certifications '
Hazf@rdous 4.2.2.4 Energy storage system All products Define allowable battgry
subdtances ban information chemistries.
4.2.2.6 Battery general aspects
4.2.10.1 Product and manufacturer
information
Cable specifications 4.2.10.1 Product and manufactuter)> | All products Define acceptable
information approval marks and
certifications for outdgor
4.2.10.3 Third-party marks*and cables
certifications
Circpit and overload 4.2.7.3 Circuit and overload All products Define maximum numper

of failures and numbey of
samples to be tested

Table 5 — End user support standards

Fruth-in-
lvertising
Criterion

(Y

Aspect(s) considered in

assessment

Requirement

4.2.2.7 Packaging and user’s

Define if there are requirements for consumer-facing

Infoymation‘en
product’design, manual information information on packaging or in a user’s manual, such ap
utiligation; and end-of-life disposal instructions, specifications of
care Teptaceable components,and-istructions forproduct
installation and maintenance.
Other 4.2.2.11 Other visual Define other product requirements that support end users
screening results to maintain the quality of the product.
5.4.2.6 Warranty requirements

The product shall meet each of the end user support requirements listed in Table 6.
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Table 6 — End user support requirements

Support type Aspect(s) Requirement
Maintenance and 4.2.2.8 Warranty information Define minimum warranty requirements (length,
warranty terms components covered, etc.)
Service 4.2.10.2 Warranty coverage Define "on the ground" requirements for warranty
capabilities service (typically only for projects in a specific location)

5.4.3 Tolerances

Tolefances are an allowable deviation from the target value for a particular criterion
prodlct specification and are part of the product specification. In the case of tru
advertising, the target value is what is advertised. Durability tests and other passi/fail cr
also |have a target — passing the test.

Tolefances should be set carefully, considering how the measured or observed values fr

test

of eyery product in the market. The sample size, expected manufacturing tolerance,
testing uncertainty should each be considered.

There are trade-offs between protecting buyers/end users apd“suppliers from "false pos

and

bettgr from poor quality or performance products but wilhalso result in a higher numb
good quality or performance products being excluded.based on non-representative sam
or tept results. The dynamic is reversed for looser tolerances.

The type of tolerance depends on the aspect being specified:

a)

b)

plerance.

'om a particular value. Often, it is allowable for the test result to deviate in one dire
ut not the other. For instance, it is allowable to over-perform on the run time bu

¢
t
N
Have a tolerance defined in terms of percent deviation of the average DUT measure
f
o
yUnderperform. There may also be a tolerance defined for variability between samples.

formula:
X —X
D=100%- famgel “meas
target
where:
[ is the percent deviation in a numeric value;

in a
h in
teria

bm a

with a limited number of samples) characterize the true quality or'pefformance aspects

and

tive"

'false negative" results, respectively. Tighter tolerance tends to protect buyers/end ysers

er of
pling

hualitative: aspects that are descriptive (e.g. type of light source) do not typically hgve a

umeric: aspects that are described with a measured value (e.g. battery capacity) should

ment
ction
I not

n general, the percent deviation from a target value is calculated using the follogwing

Xtarget 1S the target value;

Y¥meas IS @ measured value or the average of the measured values for each sample.

Boolean: aspects that are described in terms of "pass/fail" (e.g. drop test) should have a
tolerance defined in terms of the number of allowable failures out of a set number of trials

or tests. The statistical power of Boolean results for predicting population pass/fail rat
not very high with small sample sizes. Therefore, it is not possible to accurately pr

es is
edict

population failure rates for a particular aspect from a small sample size, and it is often

appropriate to allow some small but reasonable failure rate to avoid false negative res

ults.
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5.4.4 Quality standards criteria
5.4.41 General

Subclause 5.4.4 describes the quality standards aspects and gives guidance on how to
implement a quality standard.

There are several categories of quality criteria listed below. For each category, it is important
for a set of quality standards to specify:

e which aspects are referenced by the criteria,

e what level of failure or minimum quality level is acceptable for each aspect, and

e which product categories are subject to each criterion if there are differencés "agross
categories.

5.4.4.2 Truth in advertising

The jgoal of a truth-in-advertising standard (see Table 7) is to protect buyers and end {sers
from| false advertising claims. It is particularly important to ensurecthat the descriptign of
advdrtised values corresponds with test results in cases wherecbuyers (anywhere il the
supply chain) will make product purchasing decisions based pattly or solely on advertjsing
and packaging or where users have expectations set by them.
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Table 7 — Truth-in-advertising criteria for quality standards

Truth-in- Aspect(s) Standard specification Remarks
advertising considered in
criterion assessment
System 4.2.8 Performance The tolerance between the rated These are key aspects for
performance aspects performance and measured end user experiences with
tolerance — performance. the product, but also tend to

4.2.9 Light output

numeric ratings
aspects

have test results with higher
uncertainty due to a

Others, if applicable combination of intrinsic
manufacturing variation and
test uncertainty due to the

system-level nature of\tHe

aspects.
System 4.2.5 Battery The tolerance between the rated These aspects, Whilte
components performance aspects performance and measured important, hage le€ss impact
tolefance — performance. on the overall user
numgric ratings | 4-2-6 Solar module experience’in general. They
aspects are more\important for
4.2.7.1 Appliance identifying replacement
voltage compatibility parts:
4.2.7.2 Power

consumption
4.2.7.5 DC ports
Others, if applicable

Othgr numeric Multiple The tolerance between’therated n/a

ratinlgs performance and mgasured

tolenance performance.

Ovefall truth-in- Multiple Describe the general policy for It is important to lay out p
advgrtising interpreting truth-in-advertising broad expectation of truth in
statgment requirements. Suggested statement: advertising and to interpfet

) it on a case-by-case bagis.
"All advertised features shall be

functional. Any description of the
product that appears on the
packaging, inside the package, and
in any other medium (e.g. internet)
should be truthful and accurate. No
statements should mislead buyers or
end users about the features or
utility of the product. Any user
interfaces (charge indicators, SOC
estimates, etc.) shall be accurate."

In practice it islideal to check any advertised quality or performance statements againsf the
test fesults, keeping in mind that often the framing or messaging for advertised statements is
diffefent frem test conditions and that there is always inherent uncertainty in the test resdylt. In
casels where the advertised values will not be directly comparable to test results, care should
be tgken'to avoid wrongly identifying false advertising while maintaining vigilance for buygrs.

For aspects that are described with numeric information, a tolerance should be defined for
truth in advertising. For aspects that are described with qualitative or Boolean information,
judgement is required to discern if the test results match advertised values.

Table 8 includes notes with guidance on aspects that are often part of a truth-in-advertising
check because they are commonly advertised.
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Table 8 — Remarks on common truth-in-advertising aspects

Aspect(s)

Remarks

4.2.8.2 Daily energy service

Depends on the desired services/appliances.

4.2.8.6 Main unit full-battery run
time

Depends on the setting.

4.2.8.3 Solar-day lighting run time

Depends on the setting and often depends on the assumptions about solar

resource, which is location-dependent.

4.2.8.8 Grid-charge

Depends on the setting.

4.2.8.9 Electromechanical

Depends on the setting.

4.2.91 | uminaous flux output

Normally listed as peak luminous flux instead but other times as the

average during discharge, which is more representative of typical sery
levels.

4.2.2.4 Energy storage system

Package type, nominal voltage, capacity are all important for

infomation understanding if spares will be available; the replaceability detefmines|if it
4.2.2.6 Battery general aspects is easy to service.

4.2.% Battery performance aspects

4.2.2.5 Battery easy replaceability

4.2.% Battery performance aspects | This information is useful for ensuring the correet'feplacement battery can
4.2.2.4 Energy storage system be obtained.

infomation

4.2.2.6 Battery general aspects

4.2.6 Solar module aspects Peak power capacity and type are often listed.

4.2.2.9 Auxiliary outlets, ports and | The presence of functional auxiliary features (e.g. a mobile phone charger

adapters information
4.2.2.10 Appliances information

or USB power source) and_available appliances (e.g. fan, radio or
television) can be very important to some end users.

4.2.3.1 Water protection —
enclpsure

4.2.3.2 Water protection — circuit
protéction and drainage

Ensure that there is netinformation that misleads consumers about the

level of protection afforded them by the combination of the enclosure gnd

other water protection systems.

4.2.4.2 2 000 h lumen
maintenance

Lifetime is~often given for much longer durations (e.g. 20 000 h). Thes
may be compared to the 2 000 h lifetime to ensure the claim is possibl

P

1

5.4.4.3 Safety and durability

5.4.4.3.1 General

Safety and durability( criteria protect the user from harm and the product from early fgilure
during typical use. ItJis important to balance the safety and durability requirements with
implications and..reasonable expectations of consumer care, or the safety and dura
critefia risk béing over-prescribed. It is helpful to consider the expected minimum prgduct
lifetime when.determining durability-related criteria.

For pass/fail tests, tolerances for failure rates should be specified (see Table 9).

cost
bility
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Table 9 — Safety and durability criteria for quality standards

Safety or Aspect(s) considered Standard specification Notes
durability in assessment
criterion
Level of water 4.2.3.1 Water protection The required level of water The degree of protection
exposure — enclosure protection (see list below) and | should include consideration

protection (overall,
technical, or
enclosure-only)

4.2.3.2 Water protection
— circuit protection and
drainage

4.2.3.3 Water protection
— overall

4.2.3.4 Water protection

which aspects may contribute
to protection.

Levels of water protection:
No protection
Occasional rain

Ereguentrain
hal

of product category and
expected exposure.

Specify the aspects that may

contribute to the level of

water exposure protection by

choosing an overall,

technicat, orenctosure-onl
— solar module Permanent outdoor criterion. Y
4.2.10.1 Product and exposure
manufacturer information Permanent exposure in
4.2.2.7 Packaging and context of rooftop
user’s manual installation for PV modules
information
Physgical ingress 4.2.3.5 Physical ingress The required level of physical Degreeg of\protection shotld
protéction protection ingress protection in terms of include consideration of
4.2.3.6 Physical ingress the minimum IP class. product category and
protection — solar eXpected exposure. Also,
module gonsider how connectors |will
be incorporated. Most
external power connectorg
are not protected above IP2x.
Mecpanical 4.2.3.7 Drop resistance The required successirates in Failure allowance should

durapility — drop
test

the drop test for functionality
and safety (two success

consider Boolean nature
results and consider prod

bf
uct

rates). category (e.g. fixed prodycts
are unlikely to be dropped
compared to portable
products, and appliances|like
television sets are often njot
expected to be dropped).
Mechanical 4.2.3.8 Gooseneck and The required success rates in Only applies to products with
durapility — moving part durability the gooseneck and moving a gooseneck or moving pfrts.
googenecks and part durability test for
mov|ng parts functionality and safety (two
success rates).
Mechpanical 4.2.3.9 Connector The required success rates in Failure allowance should
durapility — durability the connector test for consider Boolean nature pf
conrjectors functionality and safety (two results.
success rates).
Mechpanical 4.2.3%10Switch The required success rates in Failure allowance should
durapility — durability the switch test for functionality | consider Boolean nature pf
swit¢hes and safety (two success results.
rates).
Mechanical 4.2.3.11 Strain relief The required success rates in Failure allowance should
durapility — strain durability the switch test for functionality | consider Boolean nature pf
relief and safety (two success results.
rates).
Workmanship 4.2.3.12 Wiring quality The required success rate for Failure allowance should
each aspect of the wiring consider the prevalence ¢f

quality inspection.

each fault type.

Battery durability

4.2.3.13 Battery
protection strategy

4.2.5.3 Battery storage
durability

4.2.10.1 Product and
manufacturer information

4.2.10.3 Third-party
marks and certifications

The guidelines for determining
if batteries are well protected
from early failure and if users
are protected from potential
harm due to battery failure.

Be careful not to over-

prescribe the requirements,
since there are a wide range

of battery protection
strategies that can provid
satisfactory results —
particularly for emerging
chemistries.

e

Lumen
maintenance

4.2.4.2 2 000 h lumen
maintenance

The minimum average level of
lumen maintenance after

2 000 h and the required
success rate on a sample-to-
sample basis.

Consider the expected rate of

use and desired product
lifetime.
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maintenance

maintenance

lumen maintenance after

2 000 h and the required
success rate on a sample-to-
sample basis.

Safety or Aspect(s) considered Standard specification Notes
durability in assessment
criterion
Lumen 4.2.4.2 2 000 h lumen The minimum average level of | Consider the expected rate of

use and desired product
lifetime.

Fluorescent light

4.2.4.3 Fluorescent light

The required success rate for

Failure allowance should

subgtances ban

system information

4.2.2.6 Battery general
aspects

4.2.10.1 Product and
manufacturer information

allowable battery chemistries.

durability durability each sample in additional consider Boolean nature of
tests for fluorescent light results.
durability.
AC-PpCTcharger Z°Z10.T Product and The guidelines for determining | Seli-cerufication marks_age
safefy manufacturer information | if AC-DC chargers have not necessarily meaningful if
. acceptable safety approval no market oversight.existp.
4.2.10.3 Third-party marks and certifications.
marks and certifications
Hazardous 4.2.2.4 Energy storage The guidelines for determining | A hazardouS)substance bjan

could apply to product
compohents beyond the
battery, though monitorin
and enforcement is difficylt in
mest markets.

©

Cable
spedifications

4.2.10.1 Product and
manufacturer information

4.2.10.3 Third-party
marks and certifications

The guidelines for determining
if outdoor cables have
acceptable safety approval
marks and certifications.

Self-certification marks a
not necessarily meaningf
no market oversight exist

- @
=

12—

Circtiit and 4.2.7.3 Circuit and The required-success rate and | Failure allowance should
overjoad overload protection number of samples required consider Boolean nature pf
protg¢ction, PV for each protection test. results, while sample nunmber
overyoltage should consider the fact that
protéection, and each test is destructive.
miswiring
protéction

5.4.4.3.2 Water exposure protection considerations

The ppecifying organization should consider several factors when establishing water expdsure
protgction requirements for solar lighting products. The product category (as outlined in 4.1.2)
is pr|marily responsible_for determining these requirements, as some products are more likely
than|others to be exposed to water based on the product design. Cost is also a considerdtion,
as products designed to be resistant to higher levels of water exposure are often more
manufacturing costs associated with sealing| the

exp

nsive because of the additional

enclpsure or internal circuit elements.

Table

10" describes how various levels of water protection are determined based

bn a

combination of laboratory test results, product design and manufacturing information,| and

pinmfarma ot A~

Thelevala

aforatact

ara-

el ction
consmerrormatoft—rReTeverS—o1 protcoaoT—arc:

e No protection

e Occasional rain

e Frequent rain

e Permanent outdoor exposure

e Permanent exposure in context of rooftop installation for PV modules

The results of an assessment will include several "types" of water protection level. A quality

standard will need to specify which type is applicable. The types are:

e Overall protection: water protection by all the potential sources, including user behaviour

e Technical protection: protection from all product design and manufacturing aspects
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e Enclosure-only protection: protection from the enclosure only

Table 10 — Recommended level of water protection by product category

Product category

Recommended
level of water protection

Remarks

(indoor)

Fixed separate

No protection

Products intended for indoor use are unlikely to be exposed
to water and do not require water protection.

Portable separate

Occasional rain

Portable products can experience occasional water exposure
in service and should have some degree of water protection.

Portable
inteqgrated

Frequent rain

Portable integrated products are likely to be exposed to

good water exposure protection.

Fixef integrated

Permanent outdoor

Outdoor products are certain to be exposed to rain-and

(outgloor) exposure should have a high degree of water exposure proteetion.
External PV Permanent rooftop External PV modules are certain to be exposed™o rain, ahd
modple installation for PV modules | any sensitive electronics should have a highydegree of water
exposure protection.
5.4.4.4 End user support
End | user support criteria describe the information (labellings instructions, and bdilt-in

indiciators) that enables end users to maintain and fully realize the potential of a dgvice

(Table 11).
Table 11 — End user support criteriaforquality standards
End user Aspect(s) Standard Remarks
support considered in specification
criferion assessment

Infoqmation | 4.2.2.7 Requirements Define if there are requirements for consumer-facing

on product | Packaging and for end user information on packaging or in a user’s manual. In sonje

desipn, user’s manual information. cases, a specific piece of information has implications [for

utiligation, information the required level of quality in another criterion (e.g.

and care advising the user to protect the device from exposure fo

water on the packaging or in the user’'s manual may
warrant a reduction in the requirements for water
protection defined by 4.2.3.1 and 4.2.3.2).

Othgr 4.2.2.11 Other Requirements Define if there are requirements for other aspects of end
visual screening for particular user support (e.g. indicator lights). As with requiremenfs
results aspects of the for consumer-facing information, these requirements

visual screening. | should be added with care to avoid over-prescribing.
5.4.9 Warranty\requirements criteria

covel

Warranty requirements are generally narrow in scope, focusing on the minimum duration and
age-for product warranties. In situations where there is a specific need for service|in a
e 12

particularJdocation, service capabilities may be added to the warranty requirements. Tab

lists criteria that are included in a warranty standard.
Table 12 — Criteria for warranty standards
End user Aspect(s) Standard specification Notes
support considered in
criterion assessment

Maintenance
and warranty
terms

4.2.2.8 Warranty
information

Minimum warranty
duration and coverage.

Define the minimum warranty terms with
consideration for the implications on
availability of service and reasonable
expectations for guaranteed lifetime.

Service
capabilities

4.2.10.2 Warranty
coverage

Minimum availability of
service to end users in a
particular location

These requirements are very specific to
"local" projects typically.
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6 Quality test method

6.1 General

The quality test method (QTM) is a rigorous set of tests with a relatively large sample size
that uses randomly procured samples. It is the most stringent set of tests in this document
and is appropriate for:

e qualification for market support programmes, and

e generating information for third-party verified specification sheets.

The |QTM is appropriate for all products, though the sample size varies dependingcon the
rated power of the product (peak PV power, or other input power for non-solar products). In
this document, products with peak PV power smaller than or equal to 10 W are referred {o as
"sizg A," while products larger than 10 W are referred to as "size B," unless otherwise defined
in the product specification.

The |required testing also varies depending on the design of the pfaoduct. For instgnce,
prodjcts with ports, such as DC power outlets, sockets, jacks, receptacles and USB charging
portg, are subject to tests that simpler lanterns are not.

6.2 | Applications

QTM tests can support a broad range of quality assurance needs where rigorous, unbipsed
test fesults are required. Table 13 lists examples of how they are applied depending on the
type |of quality assurance framework.

Table 13 — Applications of QTM results

Type of QA Example(s) of applying Clause 6

framework
Gengral market Require QTM resultsfor qualifying for market support. Accept QTM results from an
support accredited laboratory.

Use QTM results’to produce standardized specification sheets.

Manpfacturing/ Use QTM'tesults to assess the full production/supply chain.

distrjbution
Require QTM results for assessing potential business partners. Accept QTM resulty

fromhany accredited laboratory.

Bulkj procurement Require QTM results for assessing potential suppliers. Accept QTM results from any
accredited laboratory.

Trade regulation Require QTM results for trade policies such as tax exemption or importation
requirements. Accept QTM results from any accredited laboratory.

6.3 —Sampling requirements

The product samples should be selected and shipped to the test lab according to the random
sampling guidelines outlined in Annex E.

The recommended number of samples to procure for QTM testing for size A products is 18:
six each for two parallel batches plus six spares.

The recommended number of samples to procure for QTM testing for size B is 12: four each
for two parallel batches and four spares that can be used for potentially destructive tests. If
batteries are required during the lumen maintenance test, an additional 4 batteries shall be
provided or procured, but these batteries need not be randomly sampled.
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To minimize the in-kind cost of products and shipping costs for larger products, an alternative
to sampling 12 complete kits is to sample the following numbers of individual components,
along with the packaging for the kit. Similar numbers can be determined for size A products if
necessary, based on the same logic described below. The recommended numbers of samples
of each individual component to procure for QTM testing are as follows:

e PV module: 9 (4 for general testing, 1 for IP testing and 4 spares. If modules meet all
requirements of the IEC 61215 series, only 5 samples are required — 4 to test charging
functionality and provide connectors for the solar charge test, and 1 spare. If modules
referencing IEC 61215 data shall also undergo strain relief testing, an additional 4
samples should be collected.)

o V mounting material, if applicable: 1 (for IP testing).

o ontrol box with battery: 12 (4 for general testing, 4 for lumen maintenance/bqttery
urability and 4 spares). If batteries are required during the lumen maintenance tesf, an
ditional 4 batteries shall be obtained, but these batteries need not be randomly sanjpled.

e Included lighting appliances: 9 of each type, plus an additional four\multiplied by the
umber of that light type that are included in the Kkit.

EXAMPLE If a product includes five light points, three of Type A and two of Type Bj(Select 21 samples of Type A
and 1|7 samples of Type B. If a product only includes one of each light type, sele€i-13 samples of each type|(4 for
generpl testing, 4 for lumen maintenance, 1 for IP testing and 4 spares).

e Included non-lighting appliances (or lighting appliances that’are not required to undergo
the lighting tests): 9 of each type (4 for general testing, (1 for IP testing and 4 spares).

e Included lighting appliance with its own battery: 13/of-each type (4 for general testing, 4
for lumen maintenance, 1 for IP testing and 4 spar€s).

Thede recommendations assume that 4 sparesiare sufficient to conduct the potentially
destiuctive tests, such as the drop test, miswiring test, output overvoltage protection, PV
overyoltage protection, and switches/connectars test. If additional samples are required,[they
may |be procured during the testing process:

6.4 | Laboratory requirements

The test laboratory should be propérly trained to undertake the test methods described below
and |accredited by a recognized accrediting body (e.g. an ILAC MRA signatory, to
ISO/J[EC 17025). The measurement equipment should be calibrated against refergnce
instrbments annually, ©r.as directed by the equipment manufacturer or laboratory
accreditation organization.

6.5 | Testing requirements

Table 14 lists‘the test procedures that should be conducted on each product, along with the
sample size“required and applicability to specific product types or components. As indiqated
in the table, sample sizes for most QTM tests of Size A products is 6, while sample sizefs for
mos{ QTM tests of Size B products is 4. In Table 14, the designation "all products"” indigates
that the aspect should be measured for all types of products, including components or
appliances, unless otherwise indicated. The product specification may define categories of
components or appliances that need not be subjected to certain tests.

The table is organized in order of the aspects described in 4.2 and notes which aspects are
measured by a given test. It is not necessary that each aspect be measured on each sample
under test, but it is important to note in the test results which samples were the source of
each result in an unambiguous way.

For products with multiple settings, at least one set of test results should fully characterize the
performance on the highest light output setting. Additional settings may be measured at the
discretion of the test laboratory to verify truth in advertising statements from the manufacturer
when other light settings are advertised, or as required in the product specification.
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NOTE Table 14 includes columns with requirements for the initial screening method (ISM) and market check
method (MCM) primary check testing (PCT) and includes comments regarding accelerated verification method
testing and renewal testing. These tests are described in Clauses 7, 8 and 9. An additional method is described in
Clause 10 for testing pay-as-you-go (PAYG) products, but sample sizes and requirements are given in Table 19.
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6.6.2 Test preparation

The initial intake steps involve ensuring the samples are intact, preparing them for further
tests, and requesting self-certification information from the manufacturer. As shown in
Figure 6 and Figure 7, the tests included in a specific batch may differ from what is described
below depending on the testing requirements. Initial steps required for all products include:

e Conduct test sample intake and shipping inspection: the samples should all be inspected
for shipping damage, unambiguously labelled for identification during the testing process,
and placed into batches.

. onduct the visual screening tests.

. repare samples for further testing. Many samples will require partial disassembly to
rovide easy access to various components. Sample preparation proCedures| are
resented in Annex G. All samples, except for spares, shall be prepared.

6.6. Batch A tests

As shown in Figure 6 and Figure 7, it is recommended that tests be cenducted in batchgs to
minimize the time required for testing. Typically, Batch A undergGes’ the main set of tests in
apprpximately the following order:

e Hnergy component tests:

- Battery test

- Photovoltaic module I-V characteristics test

e Run time tests:

— Full-battery run time test(s)

- Charge controller behaviour test

- Full discharge preparation

- Solar charge test, grid charge, test, and/or electromechanical charge test

e Lfighting tests:

Light output test
Light distribution test

e Hnergy service tests:

- Ports test (if applicable)

- Appliance-power consumption test (if applicable)
- Appliance charging efficiency tests (if applicable)
- Appliance full-battery run time tests (if applicable)

= H ! Lo
- CTITTYY SstiviLT LaiLUulatlulrre

6.6.4 Batch B tests

Batch B undergoes long-term lumen maintenance testing and the battery durability test in
parallel with Batch A testing.

6.6.5 Batch C — potentially destructive tests

In general, it is best to save destructive testing to the end of the test programme to ensure
sufficient samples are available in other tests. The only exception is the output overload
protection test, which is performed before the ports test for products with ports. Potentially
destructive tests may be performed on spare samples or batch A or B samples that have
finished all other testing. Most potentially destructive tests are performed on only one sample,
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though the mechanical durability tests are performed on multiple samples. The following tests
are to be performed:

6.6

.6 Report preparation

Physical and water ingress protection tests
Mechanical durability tests (if applicable):
— Switch and connector test

— Gooseneck/moving part test

— Strain relief test

— Drop test

(ircuit protection tests (if applicable):

Output overload protection test

Miswiring protection test

PV overvoltage protection test

Appliance voltage range test (if applicable)

Aftern testing is complete and the results are validated, a repori-is generated and checked for

accufracy before submission to the client.

6.7

Reporting

The feport for QTM testing should support any activities that depend on the information [from

QTM testing.

At a minimum, the report should include the following elements.

d)
e)

f)

7

7.1

Informative cover page.
Jummary page(s).

Detailed test reports that include results for the aspects described in 6.5 that were
easured at the primary test,lab. Required results are listed at the end of each annex

etailed test reports for\tests performed at other labs (e.g. ingress protection test results
ne at a specialty IR test lab).

nnexes that incldde supplementary images and/or other supporting information.

nnexes thatsindicate manufacturer-provided information and self-certification evidence
(e.9. certificates of compliance).

arket check method

The market check method (MCM) is a flexible set of tests that is designed for market
monitoring and enforcement. The MCM may comprise all the QTM tests, or a targeted subset
of the QTM tests. The tests are designed for use in the following situations:

when a program wants to monitor the on-going quality and performance of previously
tested products;

when there is suspicion that products on the market are substandard compared to those
that were originally tested for programme qualification or the production of a standardized
specification sheet;

when a product is partially updated and an update is required for a standardized
specification sheet.
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MCM testing may be implemented as a two-stage process. In the first stage, which is referred
to as a primary check test (PCT), the initial screening method (ISM) described in Clause 8 is
used with a sample size between two to six, though products are randomly sampled as
outlined in Annex E. A typical primary check test will use a sample size of two.

If results from these tests meet or exceed performance from prior QTM testing, no further
action is required. However, if the results indicate possible deficiencies relative to the product
specification and/or prior QTM test results, additional testing may be used to confirm the
problem. This subsequent testing, which is referred to as secondary check testing, will focus
only on the aspects of the product that appeared to have deficiencies according to the primary
check testing results. The required sample size and allowable test classes for secondary
check testing using the MCM should be the same as those required for QTM testing-of the
same¢ aspect (see 6.5).

Alternatively, if a product is partially updated or only suspected to be substandand in
particular aspects, a program may choose to forego the first stage of primatyycheck tepting
and tonduct targeted secondary check testing on only those aspects.

7.2 | Applications

MCM tests may have a narrower focus than QTM tests — they may be targeted for determjning
if a geviation has occurred from previous QTM results for patticular aspects. Table 15|lists
examples of how MCM tests are applied depending on the type of quality assurpnce
frampwork.

Table 15 — Applications of MCM results

Type of QA framework Example(s) of applying MCM testing

Gengral market support Use MCM results forrmarket monitoring and enforcement.
Use MCM results“to update standardized specification sheets.

Use MCM results to renew QTM test results.

Manpfacturing/distribution Use MEM results for market monitoring.
Bulk| procurement n/a
Trade regulation Use MCM results for market monitoring and enforcement.

7.3 | Sampling reguirements

The test samples-should be randomly procured from retail outlets in the market according to
procedures inAnnex E. In select cases, such as renewal of QTM results, samples may be
randpmly sélected from a manufacturer’s warehouse according to procedures in Annex E.

Enoyghi.samples should be provided or selected so it is possible to complete the tests
timely manner and account for unforeseen needs of additional samples.

n a

The recommended number of samples for primary check testing is seven: two per batch plus
three spares. Two additional samples are recommended if the product has ports. The
recommended number of samples for secondary check testing will depend on the aspects
under test, but may be up to 18: six per batch plus adequate spares.

To minimize the in-kind cost of products and shipping costs for larger products, an alternative
to sampling complete kits is to sample the following numbers of individual components, along
with the packaging for the kit. The recommended numbers of samples of each individual
component to procure for MCM testing are as follows:

e PV module: 5 (2 for general testing, 1 for IP testing and 2 spares. If modules meet all
requirements of IEC 61215 (all parts), only 3 samples are required — 2 to test charging
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functionality and provide connectors for the solar charge test, and 1 spare. If modules
referencing IEC 61215 data shall also undergo strain relief testing, an additional 2

samples should be collected.)

PV mounting material, if applicable: 1 (for IP testing).

Control box with battery: 7 to 9 (2 for general testing, 2 for lumen maintenance/battery

durability and 3 spares). Two additional samples are recommended if the product

has

ports. If batteries are required during the lumen maintenance test, an additional 2
batteries shall be provided or procured, but these batteries need not be randomly sampled.

Included lighting appliances: 5 of each type, plus an additional two multiplied by the
number of that light type that are included in the kit. For instance, if a product includes five

sfpmples of Type B. If a product only includes one of each light type, select 7 sampl

:th points, three of Type A and two of Type B, select 11 samples of Type Ana
ach type (2 for general testing, 2 for lumen maintenance, 1 for IP testing and 2 \spare

— —

ne lighting tests): 5 of each type (2 for general testing, 1 for IP testing and2 spares).

ncluded lighting appliance with its own battery: 7 of each type (2 forcgeneral testing,
I[lmen maintenance/battery durability, 1 for IP testing and 2 spares)!

nd 9
ps of

S).

ncluded non-lighting appliances (or lighting appliances that are not required to undergo

P for

Thede recommendations assume that the spares are sufficienk to’ conduct the potentially

des
ove

tructive tests, such as the drop test, miswiring test, output oOvervoltage protection
ryoltage protection, and switches/connectors test. If additional samples are required,

may |be procured during the testing process.

7.4

Laboratory requirements

The fest laboratory should be properly trained to undertake the test methods described b

and

ISO/JEC 17025). The measurement equipment should be calibrated against refer

inst
acc

rbtments annually, or as directed by the equipment manufacturer or labor
reditation organization.

Testing requirements

PV
they

elow

accredited by a recognized accrediting:“body (e.g. an ILAC MRA signatory, to

ence
btory

Mos{ of the specific test requirements for MCM tests will depend on the aspects that are heing
testdd.

The |particular test plan~for MCM testing is case-dependent and up to the judgement o
orgahization or institution who initiates the testing. The following recommendations shou

tlin mind whenxcreating MCM test plans.

Always include a visual screening test to uncover any unexpected changes to the pro
be ready*to augment the original test plan pending the visual screening results.
d

afsider system-level impacts of component changes.

f the
d be

Huct;

7.6 Recommended tests programme
See 6.6.
7.7 Report requirements

The report for MCM testing should support any activities that depend on the information from
MCM testing. See 6.7 for minimum reporting requirements, though report should cover

asp

ects described in 7.5.
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8

8.1

Initial screening method

General

The initial screening method (ISM) is appropriate for preliminary testing and providing quick
feedback on product design and performance in absolute terms.

8.2

Applications

ISM tests should be used for obtaining quick, preliminary results to help inform subsequent

rou

applied depending on the type of quality assurance framework.

nds of testing that confirm the preliminary results. Table 16 lists examples of how they are

Table 16 — Applications of ISM results

Type of QA framework Example(s) of applying Clause 8

Gengral market support Use ISM results to filter potential organizations/products_forytargeted supporf,
followed up by QTM testing for those with promise.
Use ISM results to trigger MCM testing when there is{suspicion of a change [n
the quality or performance or products in the market.

Manpfacturing/distribution Use ISM results for batch-to-batch monitoring of production runs of shipments.

Bulk| procurement Use ISM results for batch-to-batch monitering shipments.

Trade regulation Use ISM results to make preliminary deécisions, followed up with QTM testind to
confirm results.

8.3

Sampling requirements

The [test samples may be provided directly.,*by a manufacturer (or their proxy) or maly be

randpmly procured from the market according to procedures in Annex E.

Enoygh samples should be provided or selected so it is possible to complete the tests
timely manner and account for unforeseen needs of additional samples.

n a

The [recommended number.of samples for ISM testing is three: one each for two pafallel
batches and one spare. An-additional sample is recommended if the product has ports. It{may

be

destfuctive tests.

To

necessary to obtaintadditional spares if the product fails more than one of the potentially

minimize the~in-kind cost of products and shipping costs for larger products, an alternative

to sgmpling complete kits is to sample the following numbers of individual components, dlong
with [the .packaging for the kit. The recommended numbers of samples of each indivjdual

component to procure for ISM testing are as follows:

PV module: 3 (1 for general testing, 1 for IP testing and 1 spare. If modules meet all
requirements of IEC 61215 (all parts), only 2 samples are required — 1 to test charging
functionality and provide connectors for the solar charge test, and 1 spare. If modules
referencing IEC 61215 data shall also undergo strain relief testing, an additional sample
should be collected.)

PV mounting material, if applicable: 1 (1 for IP testing).

Control box with battery: 3 (1 for general testing, 1 for lumen maintenance/battery
durability testing and 1 spare). If batteries are required during the lumen maintenance test,
an additional battery shall be provided or procured, but these batteries need not be
randomly sampled.

Included lighting appliances: 3 of each type, plus an additional one multiplied by the
number of that light type that are included in the kit. For instance, if a product includes five
light points, three of Type A and two of Type B, select 6 samples of Type A and 5 samples
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of Type B. If a product only includes one of each light type, select 4 samples of each type
(1 for general testing, 1 for lumen maintenance, 1 for IP testing and 1 spare).

¢ Included non-lighting appliances (or lighting appliances that are not required to undergo
the lighting tests): 3 of each type (1 for general testing, 1 for IP testing and 1 spare).

¢ Included lighting appliance with its own battery: 4 of each type (1 for general testing, 1 for
lumen maintenance, 1 for IP testing and 1 spare).

These recommendations assume that 1 spare is sufficient to conduct the potentially
destructive tests, such as the drop test, miswiring test, output overvoltage protection, PV
overvoltage protection, and switches/connectors test. If additional samples are required, they

may ha nroctrad - durina thao tactina nroacacc
Do—proct S—oormgtre ety

roCToUT

8.4 | Laboratory requirements

The [est laboratory should be properly trained to undertake the test methods described below.
The measurement equipment should be calibrated against reference instruments annually, or
as directed by the equipment manufacturer.

8.5 | Testing requirements

As indicated in Table 14, each of the aspects listed in the ISM column should be meagured
wheile they are applicable to a product. It is not necessary that-each aspect be measured on
each sample under test, but it is important to note in the test.results which samples wer¢ the
sourge of each result in an unambiguous way. A general description of the test method family
for gach aspect is listed for informative purposes only. In Table 14, the designation "all
prodpcts" indicates that the aspect should be measured for all types of products, inclyding
components or appliances, unless otherwise indicated. The product specification may define
categories of components or appliances that needynot be subjected to certain tests.

For products with multiple settings, at least‘one set of test results should fully characteriz¢ the
perfgrmance on the highest light output-setting. Additional settings may be measured af the
discretion of the test laboratory to verify advertising statements from the manufacturer when
othef light settings are advertised, of, as required in the product specification.

8.6 | Recommended tests programme

See b.6.

8.7 | Reporting

The freport fory\ISM testing should support any activities that depend on the information [from
ISM testing~See 6.7 for minimum reporting requirements, though report should cover aspects
described_in 8.5.

9 Accelerated verification method

9.1 General

The accelerated verification method (AVM) is an optional pathway to enable expedited entry
to markets or market support programmes. The AVM includes a 2-step process of a
verification entry (AVM-VE) test and follow-up test. Results from AVM-VE testing may qualify
a product for market support until the results are verified through a randomly sampled follow-
up test. It is recommended that this pathway only be offered to manufacturers who meet
specified eligibility criteria. The three elements of the AVM - eligibility criteria, verification
entry testing, and follow-up testing — are described below:

o Eligibility based on a manufacturer’s experience and historical performance with the off-
grid lighting market support programme. Recommended eligibility criteria should consider
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the number of products that a manufacturer has successfully tested with the programme,
any recent instances in which the manufacturer’s products were tested and did not meet
the quality standards, as well as the manufacturer’'s conduct in the market and
communication with the market support programme.

AVM-VE testing can be equivalent to one of the following. When arranging for AVM-VE
testing, the market support programme should include a mechanism to cover the cost of
follow-up testing and associated administrative costs.

— ISM test with a sample size of two (n=2) with product samples provided directly from
the manufacturer;

— QTM test with a sample size of six (n=6), with the random sampling requirement of
QTM testing waived.

ollow-up testing conducted shortly after AVM-VE testing is finished and the prodyct is
mmercially available in markets. The sample size of the follow-up test is determingd by
the sample size of the AVM-VE test, as described in 9.3.3. Poor performancgéin follow-up
tests may be accompanied by penalties enacted by the market support_programme to
imcentivize compliance. Recommended penalties include loss of programme support,|loss
eligibility to use the AVM pathway and monetary penalties.

Applications

The |[AVM pathway is only recommended for manufacturers (Who meet specified eligibility
critefia and for products that are reasonably expected to megt’the rigors of the QTM test| The
AVM enables these select products to undergo initial, expéedited testing with samples that are
reprg¢sentative of the products the manufacturer plans-to-distribute, but are not necessarily
from|a full production run. Table 17 lists examples of*how AVM tests are applied depernding

on the type of quality assurance framework.

Table 17 — Applications of AVM results

Type of QA framework Example(s) of applying AVM testing

Gengral market support Require AVM-VE test results for qualifying for temporary market support. Use

follow-uptest results to continue market support. Accept AVM results from
any actredited laboratory.

Use 'AVM-VE test results to produce standardized specification sheets.
Update these standardized specification sheets with results from the follo-
up test.

Manpfacturing/distribution Use AVM-VE test and follow-up test results to assess the full

production/supply chain.

Require AVM-VE test and follow-up test for assessing potential business
partners. Accept AVM results from any accredited laboratory.

Bulkl procurement Require AVM-VE test and follow-up tests for assessing potential suppliery.

Accept AVM results from any accredited laboratory.

Trade regulation Require AVM-VE test and follow-up test results for trade policies such as |tax

exemption or importation requirements. Accept AVM results from any
accredited labaratory

9.3
9.3

Sampling requirements

.1 General

Testing for the AVM is segmented into two parts: AVM-VE testing and follow-up testing.

9.3

.2 Verification entry testing

The test samples for AVM-VE testing may be provided directly by a manufacturer (or their
proxy) or may be randomly procured from the market according to procedures in Annex E.
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The manufacturer shall provide a declaration to accompany the products which states: "a) the
samples provided for testing are an accurate representation of the final production model that
they plan to distribute, and b) the product is expected to meet the quality standards of the off-
grid lighting market support programme." The off-grid lighting market support programme may
also require the manufacturer to submit documentation to assist with follow-up testing and
routine market check testing. Documentation may include, but is not limited to:

e an annual report listing the main markets in which their quality-verified products are being
sold, differentiated by product model name,

e the names and contact details of the principal distributors to whom they sell their products,

o the intended markets and distributors that will be used for the product under test.

Enoygh samples should be provided or selected so it is possible to complete the“tests
timely manner and account for unforeseen needs of additional samples.

n a

AVM-VE tests can either be equivalent to an ISM test with a sample size\0f two or equivalent
to a QTM test with a sample size of six, with the random sampling requirement of QTM tepting
waived.

If a gample size of two is used, the recommended number of samples for the AVM-VE tepgting
is s¢ven: two each for two parallel batches and three spares. An additional sample is
recommended if the product has ports. See 7.3 for recdmmendations regarding sampling
optigns for individual components.

If a gample size of six is used, the recommended.number of samples for AVM-VE testing |s 18:
six gach for two parallel batches and six spares. See 6.3 for recommendations regafding
sampling options for individual components.

9.3.3 Follow-up testing

The test samples for follow-up testing should either be randomly procured from retail oytlets
in the market or randomly sampled\from a manufacturer’s warehouse according to procedures
in Apnex E.

Enoygh samples should,be provided or selected so it is possible to complete the tests|in a
timely manner and account for unforeseen needs of additional samples.

e |I{ the AVM-VE test for a product was conducted with a sample size of two, the follow-up
test shall Jse a sample size of six, equivalent to a QTM. See 6.3 for sampling
requirements.

e | the-AVYM-VE test for a product was conducted with a sample size of six, the follow-up
test’ should use a sample size of two, equivalent to a typical market check method (MCM)
rimary check test (PCT). See 7.3 for sampling requirements.

9.4 Laboratory requirements

The test laboratory should be properly trained to undertake the test methods described below
and accredited by a recognized accrediting body (e.g. an ILAC MRA signatory, to
ISO/IEC 17025). The measurement equipment should be calibrated against reference
instruments annually, or as directed by the equipment manufacturer or laboratory
accreditation organization.

9.5 Testing requirements
9.5.1 General

Testing requirements for the AVM are segmented into two parts: AVM-VE testing and follow-
up testing.
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9.5.2 Verification entry testing

If the AVM-VE test for a product is conducted with a sample size of two, each of the aspects
listed in the PCT column of Table 14 should be measured where they are applicable to a
product. The list of tests is equivalent to that of the ISM, but all tests, aside from some select
visual screening and IP assessments, are conducted with a sample size of two.

If the AVM-VE test for a product is conducted with a sample size of six, each of the aspects
listed in the QTM (Size A) column of Table 14 should be measured where they are applicable
to a product.

It is|not necessary that each aspect be measured on each sample under test, but|[it is
impdrtant to note in the test results which samples were the source of each resuit-ipn an
unambiguous way. A general description of the test method family for each aspecitris-liste{d for
informative purposes only. In Table 14, the designation "all products" indicates that-the agpect
should be measured for all types of products, including components or appliances, u:rless
othefwise indicated. The product specification may define categories ,6f “componenis or
appliances that need not be subjected to certain tests.

For products with multiple settings, at least one set of test results should fully characteriz¢ the
perfgrmance on the highest light output setting. Additional settings ' may be measured af the
discletion of the test laboratory to verify truth in advertising statements from the manufacturer
when other light settings are advertised, or as required in the product specification.

9.5.3 Follow-up QTM testing

If the¢ AVM-VE test for a product was conducted with a sample size of two, the follow-up test
shalll be conducted with a sample size of six as, described in 6.5. Each of the aspects listed in
the QTM (Size A) column of Table 14 should be measured where they are applicable|to a
prodlct.

If thJe AVM-VE test for a product was;conducted with a sample size of six, the follow-up test
should be conducted with a sample_size of two. Each of the aspects listed in the PCT column
of Tdble 14 should be measured where they are applicable to a product.

It is|not necessary that each aspect be measured on each sample under test, but|it is
impdrtant to note in the test results which samples were the source of each result in an
unambiguous way. A general description of the test method family for each aspect is liste[d for
informative purposes‘only. In Table 14, the designation "all products" indicates that the agpect
should be measured’/for all types of products, including components or appliances, u:rless
othefwise indicated. The product specification may define categories of componenfs or
appliances thatineed not be subjected to certain tests.

For products with multiple settings, at least one set of test results should fully characteriz¢ the
perfgrmiance on the highest light output setting. Additional settings may be measured aft the
discretion of the test laboratory to verify truth in advertising statements from the manufacturer
when other light settings are advertised, or as required in the product specification.

9.6 Recommended tests programme

See 6.6.

9.7 Report requirements

The report for AVM testing should support any activities that depend on the information from
AVM testing. See 6.7 for minimum reporting requirements, though report should cover aspects
described in 9.5.
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10 Pay-as-you-go (PAYG) method

10.1

General

The pay-as-you-go (PAYG) method provides a set of targeted tests to verify key parameters
that may be affected by adding PAYG or fee-for-service technology to a product. In some
cases a product is sold in both a pay-as-you-go (PAYG) enabled version and a non-PAYG
version. The provider of PAYG technology may be the same organization that designs and
sells the energy system, or may be a third-party "business to business" provider of PAYG. In
either case, targeted testing may be appropriate rather than requiring that all aspects of the
otherwise similar product be retested. Targeted testing is composed of:

e \fisual inspection, including internal assessment.
e [Durability testing on any aspects that may have been impacted by the addition of the
HAYG option (e.g., new ports or changes to the existing casing).
e An estimate of the parasitic consumption or additional standby loss dueite-the additipn of
the PAYG option.
¢ Jubmission of manufacturer declaration indicating that the performance of the PAYG
gnabled version is equivalent to that of the previously tested nop=PAYG product.
10.2| Applications
The |pay-as-you-go (PAYG) method is appropriate for targeted testing of fee-for-servige or
PAY[5-enabled versions of products that previously qualified for market entry or market
support programmes through the process of QTM or-AVM testing. Fee-for-service or PAYG-
enaljled products that are not versions of an otherwise’identical product that already megts a
progfamme’s quality standards should be fully tested according to the QTM or AVM to qualify
for market support programmes and/or produce’a standardized specification sheet. In cpses
whene PAYG-enabled versions of products_are similar, but not identical to the previopsly-
testgd non-PAYG version, those aspects which differ shall be tested. Table 18 lists examples
of hqw PAYG tests are applied depending;on the type of quality assurance framework.
Table 18 — Applications of PAYG method results
Type of QA framework Example(s) of applying PAYG testing

Gengral market support Require PAYG test results for qualifying for market support in cases wherg a
non-PAYG version of the product already qualifies for market support. Ac¢ept
PAYG results from any accredited laboratory.

Use PAYG results to update standardized specification sheets to include the
PAYG-enabled version of a product.

Manpfacturing/distribution Require PAYG for assessing potential business partners in cases where 3
non-PAYG version of the product has already been tested. Accept PAYG
results from any accredited laboratory.

Bulk| proeurement Require PAYG test results for qualification screening on bidders in
procurements that will include a PAYG element, accepting a combination pf
non-PAYG and targeted PAYG testing as appropriate. Accept PAYG results
from any accredited laboratory.

Trade regulation Require PAYG test results for qualification screening on products that are
subject to trade regulation, accepting a combination of non-PAYG and
targeted PAYG testing as appropriate. Accept PAYG results from any
accredited laboratory.

10.3 Sampling requirements

The test samples may be provided directly by a manufacturer (or their proxy) or may be
randomly procured from the market according to procedures in Annex E.
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Enough samples should be provided or selected so it is possible to complete the tests in a
timely manner and account for unforeseen needs of additional samples.

The recommended number of samples for PAYG testing is four: two each for two parallel tests.

In cases where PAYG-enabled versions of products are similar, but not identical to the
previously-tested non-PAYG version, those aspects which differ will require testing using
samples that are procured according to the sampling requirements of the QTM or AVM.

10.4 Laboratory requirements

The fest laboratory should be properly trained to undertake the test methods described belelow.
The measurement equipment should be calibrated against reference instruments annually, or
as directed by the equipment manufacturer.

10.5| Testing requirements

Each of the aspects listed in Table 19 should be measured where they|are applicable|to a
prodpuct. It is not necessary that each aspect be measured on each sampfe under test, but it is
impartant to note in the test results which samples were the source of each result in an
unambiguous way. A general description of the test method family for each aspect is listed for
informative purposes only. In Table 19, the designation "all preducts” indicates that the agpect
should be measured for all types of products, including components or appliances, unpless
othefwise indicated.

In cases where PAYG-enabled versions of products’ are similar, but not identical td the
prev|ously-tested non-PAYG version, those aspects which differ shall be tested. For example,
if a FAYG-version of a product includes an updated LED, the lighting and run time tests would
need to be conducted with sample sizes appropriate for the QTM or AVM.
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Table 19 — PAYG testing requirements

Test Aspect Applicability Sample Test
Reference(s) size method
Annex
Product design, manufacture, and 4.2.2
marketing aspects
Visual screening — Properties, features 4.2.2.1,4.2.2.2, All products 1 Annex F
and information; Specifications 4.2.2.3,4.2.2.4,
4.2.2.5,4.2.2.6,
4.2.2.7,4.2.2.8,
4.2.2.9,4.2.2.10,
I 42211
Prodyct durability and workmanship 4.2.3
aspegts
Water] ingress protection test and level 4.2.31,4.2.3.2 All products if enclosure 2 Anneix U,
of wafer protection 4233, 4234 differs from originally Annek V
tested product
Physigal ingress protection — 4.2.3.5,4.2.3.6 All products if enclosure 2 Annejx U
enclosure(s) and PV module differs from originally
tested product
Mechanical durability — Drop test 4.2.3.7 Portable components, 2 Annejx W
excluding TVs orother
specified products or
appliances that dare not
typically expected to meet
durabilitysstandards if
enclosute) differs from
originally tested product
Mechanical durability -Gooseneck and 4.2.3.8 Products with a 2 Annex W
moving part test gooseneck/moving part if
moving parts differ from
originally tested product
Mechanical durability -Connector test 4.2.3.9 All products if connectors 2 Annex W
differ from originally tested
product
Mechanical durability -Switch test 4.2.8M0 All products if switches 2 Annex W
differ from originally tested
product
Mechanical durability -Strain relief test 4.2.3.11 All products if cables differ | 2 Annejx W
from originally tested
product
Visua| screening —Functionality*and 4.2.3.12 All products 2 Annex F
Internpl Inspection
Performance aspects 4.2.8
Charge controller béhaviour test — 4.2.8.10 All products 2 Anneix S
Standpy loss medsturement
Self-dertification’aspects 4.2.10
Manufactuter)self-reported information 4.2.10.1,4.2.10.2, | All products n/a Anneik D
4.2.10.3
PAY Gmmanufacturer dectaration 12104 Altproducts n/a Annex D

10.6 Recommended tests programme

See 6.6, though only applicable tests are required as described in 10.5.

10.7 Reporting

The report for PAYG testing should support any activities that depend on the information from
PAYG testing. See 6.7 for minimum reporting requirements, though report should cover
aspects described in 10.5.
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Annex A
(informative)

Reserved

Annex A is reserved as a placeholder.
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Annex B
(informative)

Reserved
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Annex C
(informative)

Reserved

Annex C is reserved as a placeholder.
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Annex D
(normative)

Manufacturer self-reported information

Background

Having proper manufacturer information is important for communication throughout the testing
process as well as for understanding key product information and any certifications

self-feported information: manufacturer information, product information, and manufag
self-gertification regarding either the manufacturing facility or the product. Addit

The

C—Oy el &l O pPTOCT O C &l &l g0

rmation may be needed for products with pay-as-you-go or fee-for-service features.

Outcomes
manufacturer self-reported information outcomes are listed in Table'D.1.

Table D.1 — Manufacturer self-reported information outcomes

es of
turer
onal

Metric Reporting units Related Notes
aspects
Manpfacturer information Varied 4.2.10.1 Product and Record all provided manufactlirer
manufacturepinformation | information
Product information Varied 4.2.10.1 Proeduct and Record all provided product
manufacturer information | information
Selficertification Varied 4:210.3 Third-party Record all manufacturer or
infomation marks and certifications product certifications
D.3| Solicited information
D.3. General

At a| minimum, the infoarmation contained in D.3.2 and D.3.3 should be solicited from
manyfacturer. At a minimum, report all items marked with an asterisk (*).

D.3.2 Confidential information (not released publicly)
D.3.2.1 Manufacturer information

The following confidential manufacturer information should be solicited:

a)
b)
c)
d)
e)
f)

the

manufacturer company name®;

contact person name*;

contact person position at company (i.e. job title)*;
manufacturer company physical address*;

contact telephone number(s)*;

contact e-mail address*.

If separate people manage contracting issues and technical testing questions, request contact

info

rmation for both parties.
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D.3.2.2 Product information

The following confidential product information should be solicited:

a)
b)
c)
d)
e)
f)
9)

h)

y)

markets in which the product is for sale (e.g., Kenya, India, China);

free on board (FOB) product price for at least 1 000 units ($);

typical product shipping point of origin;

product driver type (e.g., resistor, pulse-width modulation);

if the driver uses PWM, request the PWM frequency and a description of when it operates;

iff the charge controller uses PWM, request the PWM frequency and a description’ofWwhen
if operates;

list of battery protection and charge control methods (i.e., deep discharge’ proteftion
and/or overcharge protection);

description of deep discharge charge control, including the low-‘veltage discornnect
threshold and individual cell protection for lithium-ion or lithium iron {phosphate battgries
ith multiple cells (or parallel cellblocks) in series;

description of overcharge protection charge control, including the overcharge proteftion
disconnect voltage and individual cell protection for lithium-ion or lithium iron phosghate
blatteries with multiple cells (or parallel cellblocks) in seri€s;

blattery information sheet from battery manufacturer, preferably showing acceptable gdeep
discharge protection and overcharge protection cutoffs at a minimum;
whether the battery contains internal protection Circuitry*;
whether the battery or product includes circuitry to monitor the voltage of or balance¢ the
iJ\dividuaI battery cells, and if so, what type, of circuitry is used and where it is located;
escription of any special procedures negessary for the test lab to access the battery;
current limit used for overcurrent pretection for the system*;
t

pe of current protection used®;

ist of other current protection limits if different overcurrent protection limits are usefd for
mdividual outlets, inputs or.appliances*;

USB charging modes supported®;
description of how WUSB charging modes are implemented;

whether the praduct or any of the included appliances are considered portable sepafrate,
and if so, how'the manufacturer intends to meet water ingress protection requirementg;

whether thelproduct or any of the included appliances are considered portable integrated,
nd if so,~how the manufacturer intends to meet water ingress protection requirements;

statement of how the manufacturer intends to meet requirements regarding outdoor cgbles
(pnly’required for Size B products as defined in 6.1);

whether the manufacturer prefers that the lumen maintenance be measured using the
expedited method described in Clause J.6;

description of special testing considerations, such as any characteristics that would
impede the testing process. Characteristics include: an auto-off function that turns the
lights or appliances off after a specific number of hours of operation; the product disables
if the enclosure is opened; the product connects to a wireless network; the product is
tamperproof; the product enters a low-power (standby or sleep) mode after a delay longer
than 5 min; the product would not be able to be disconnected from its battery and powered
by a laboratory power supply for over 500 h;

expected/rated performance, including:

1) name, light output, full battery run time, and solar run time for each setting for all
appliances included with or advertised for use with the product*;
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2) brightness setting specifications, if publicly advertised or provided to the laboratory by
the manufacturer®;

3) rated power of any appliances included with the product®;

4) estimated battery capacity, battery type, full battery run time, solar run time,
percentage of a full charged received from the power control unit when the power
control unit is fully charged and when the power control unit has been charged for a
standard solar day, for any appliances with their own batteries™;

z) the names of the settings the manufacturer would wish to be tested.

D.3.3 Public information (may be released publicly)

D.3.3.1 Manufacturer information

The following public manufacturer information should be solicited:

a)
b)

fficial customer facing/brand name*;

ublic manufacturer contact information if different from that collected.imD.3.2.1*.
D.3.3.2 Product information
The following public product information should be solicited:

roduct name?*;
roduct model number*;

Il product lighting technologies used (e.g. fluoréscent tube, LED). If the product uses
EDs, are the LEDs high-power or low-power?

attery chemistry (VRLA, NiMH, etc.)*;

e) battery package type*;
f) blattery nominal voltage (V)*;
g) battery capacity (Ah)*;

arge/discharge rate at which.the battery capacity is specified*;

Il product charging systemctypes (e.g. solar module, AC power, dynamo)*:
1)) if the product has AC _power charging, whether an adapter is included;
2) if the product has'solar charging, the active PV material (e.g., mono-Si, poly-Si, CIS);
3) if the product-has solar charging, the peak power rating of the PV module(s) at STC;
j) dll included product features (e.g. mobile device charging, radio)*;
k) iffthe product-has mobile device charging, are adapters included?*

I) 4lll optiemal product features (e.g. mobile device charging, radio)*;
m) }scription of any advertised capabilities to charge specific devices or provide spercific

charaina modes™-
R gHgHoaes—

n) description of product warranty terms, including duration*;high resolution product
photograph on a white or transparent background.

D.3.3.3 Manufacturer certifications

These certifications should be accompanied with supporting documentation, such as copies of
the original certifications, letters from an appropriate organization, or self-certification.
a) all manufacturer company certifications and markings (e.g. ISO 9000, UL, CE);

b) all product certifications and markings (e.g. UV-resistant plastic, UV-free LEDs, high-
temperature batteries);

c) all component-level certifications and markings (e.g. IEC 62133 for battery safety);
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d)
e)

f)

g)

h)

D.3.3.4 Additional information for pay-as-you-go (PAYG) products

documentation of UN 38.3 testing and a description of individual cell protection measures
for all Li-ion batteries included with the system;

manufacturer declaration regarding the adequate sizing of current carrying conductors
used in the product (only required for Size B products as defined in 6.1);

manufacturer declaration that all cables intended to be used outdoors, such as cables
connecting the PV module, are appropriately protected against UV radiation and water
ingress (only required for Size B products as defined in 6.1);

confirmation of AC-DC charger approval from a recognized consumer electronics safety
regulator, such as UL (if product includes an AC-DC charger)*;

if the expedited method described in Clause J6 s requested, IESNA_1M-80-08 data

(minimum 6 000 h) from the LED manufacturer and a picture that shows wherg the
temperature should be measured on the LED array.

Test|ng products that include pay-as-you-go (PAYG) or fee-for-service features may require

gathgring additional information. The following information should be solicited:

a)
b)
c)
d)

e)
f)

g)

h)

i)

0)

p)

duantities that are measured with the PAYG system (e.g. kWh, h);
duantities that are billed with the PAYG system (e.g. $/kWh, $/day);
the most common unit of sale (e.g. kWh, h);

internal software rules for enforcement mechanism (i.e. how does the product decide to
restrict access to services in the case of non-payment?);

gstimate of accuracy, precision and drift for enforcement mechanism;

dtatement regarding whether the PV module stays connected so that the product can still
receive a charge if the enforcement mechanism is activated®;

dtatement regarding whether the charge” control algorithm operates as normal if the
gnforcement mechanism is activated®;
g
n

escription of the battery chargéd control and protection when the enforcement
hechanism is activated®;

@)

escription of the payment transaction method;

@)

escription of the communication method for verifying payments;

tatement whether the product is restricted to use on mobile phone networks|and
escription of anyrestrictions;

escription of software or hardware measures used to prevent tampering with or replacing
he battery;

=~ O [@NN7))

description‘of how these tamper-prevention features can be disabled for testing;
description of any additional items or actions needed to test the product in a lab in €ither
Hurope, the USA or China that is not otherwise described;

esired—information—to—be—displayed-on—a—standardized—speecification—sheetforthePAYG
feature;

if the product is a PAYG version of a previously tested product, collect the following:
1) product name and information for the previously tested product®;

2) description of any performance differences, aside from the PAYG feature, between the
two products (e.g. decreased run time, increased standby loss, etc.)*;

3) description of any physical differences between the two products (e.g. additional port,
keypad, etc.).”
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D.4 Reporting

Report all items in Clause D.3 that are marked with an asterisk (*).
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Annex E
(normative)

Product sampling

E.1 Background

Proper product sampling is the first step in the testing process, and it is critical to maintaining
the test method’s fairness and credibility.

E.2 | Test outcomes
The product sampling outcomes are listed in Table E.1.
Table E.1 — Product sampling outcomes
Metric Reporting units Related aspects Remarks

Sample type Retail/warehouse n/a -

Sample procurement Agency name n/a The third-party agency that

ageicy procures the samples

Sample procurement Name n/a The name of the person who

agent procures the samples

Sample procurement Date n/a --

date

Sample procurement Address(es) n/a -

address(es)

Sample shipping date Date n/a The date the samples are shipged
to the test lab(s) from the third-
party sampling agency

Test lab(s) Test lab name(s) n/a -

Tesfllab address(es) Address(es) n/a -

Sample delivery Date(s) n/a The date the samples are received

date|(s) by the test lab(s)

E.3 | Related.tests
Testing is_‘predicated upon the product samples already being procured, shipped,|and
recelved(at'the test lab(s).

E.4 Procedure
E.41 Retail sampling
E.4.11 General

For retail sampling, third-party agents will procure product samples from a variety of retail
outlets in the market.

E.4.1.2 Equipment requirements

No equipment is required for retail sampling.
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E.4.1.3 Test prerequisites

Samples shall be procured from a geographically diverse set of retail outlets. Retail outlets
include both vendors or retail shops where end users may directly purchase products, and

local

or regional distributors.

E.4.1.4 Apparatus

No a

pparatus is required for retail sampling.

E.4.1.5 Procedure

The

following steps shall be followed.

a) The third party sampling agency identifies a specified number of retail outlets in
n

b) T

narket from various geographic locations.

nsuring that the subset of retail outlets is geographically diverse (e.gy each retail out
[

c)

a different city and/or country than the rest of the subset).

he sampling agency procures the product samples from , the various retail ou
nsuring that no more than 40 % of the overall number of proeured samples comes
ny single retail outlet.

d) The date, locations, sampling agent, and number of samples procured from each loc

S|

e)

f)

hould be documented by the sampling agency.

he sampling agency ships the products to one o more test labs and reports the ship

1
trtacking number(s), when available.
d

E.4.1.6 Calculations

Ther

e are no calculations for retail sampling.

E.4.] Warehouse sampling

E.4.2.1 General

For
distr

E.4.

No

The

warehouse sampling, third-party agents will procure samples from a warehdg
butorship, factory, or other bulk storage location.

.2 Equipment requirements

uipment is required for warehouse sampling.

the

he sampling agency selects a subset of the retail outlets to procur€ samples from,

etis

lets,
from

Ation

ment

nce received at the test lab(s), the date(s) of reception, test lab name(s), and tesft lab
Ipcation(s) should be documented.

use,

sampling location should be the main bulk storage location in the region.

For size A products, as defined in 6.1, there shall be enough products available that the
procured samples account for no more than 3,5 % of the total product stock. In cases where
size A products are being sampled according to the alternative sampling requirements for
individual components, if the minimum stock requirement for any one component exceeds
1 500, the minimum stock requirement may be reduced to 1 500 units.
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For size B products, as defined in 6.1, there shall be enough products available that the
procured samples account for no more than 8 % of the total product stock. In cases where
size B products are being sampled according to the alternative sampling requirements for
individual components, if the minimum stock requirement for any one component exceeds 500,
the minimum stock requirement may be reduced to 500 units.

The sampling agent shall be able to sample from the bulk storage location’s entire stock.

E.4.2.4 Apparatus

No apparatus is required for warehouse sampling.

E.4.2.5 Procedure

The following steps shall be followed.
a) At least 24 h before the sampling takes place, the sampling agency ,shall make coptact
via email or telephone) with representatives at the sampling location’to provide proper
otice and ensure that the number of samples procured will not exceed the percentage of
he sampling location’s total product stock specified in E.4,2.37(either 3,5 % or|8 %
epending on the product size).

he sampling agency randomly procures the product samples from the bulk stgrage
cation’s entire stock (i.e. the entire product stock shall bé-available to sample from).

=S4 o ~+5~%

c) The date, location, sampling agent, and number(of samples procured should be
ocumented by the sampling agency.

d) The sampling agency ships the products to one ‘or more test labs and reports the shipment
tracking number(s), when available.

e) Once received at the test lab(s), the datefs) of reception, test lab name(s), and tesft lab
cation(s) should be documented.

E.4.2.6 Calculations

There are no calculations for warehiouse sampling.

E.5| Reporting

Report the following in“the product sampling test report.

o Metadata:

- reporf-Aname;

- proeedure(s) used;

- .‘product manufacturer;

— product name;
— product model number;
— name of test laboratory;
— approving person;
— date of report approval.
e Sampling instructions
e Sampling and shipping information:
— name of sampling agency;
— name(s) of sampling agent(s);
— sampling location name(s), address(es), and description(s);
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number of samples procured (at each location);
name of shipping agency;

shipment tracking number(s);

date samples are shipped to test lab(s);

date samples are received at test lab(s).
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Annex F
(normative)

Visual screening

F.1 Background

The visual screening process covers DUT specifications, properties (such as external DUT
measurements), functionality, observations, and internal/external construction quality.

The PUT’s components, materials, and utilities are categorized and, in some cases, evallated.
The |visual screening test provides a thorough qualitative and quantitative assessment of the
DUT]|as received from the manufacturer and assigns a unique identifier to eachr.sample.| The
DUT|s operation out of the packaging is documented before any modifications-are madg for
subsiequent tests.

F.2 | Test outcomes
The test outcomes of the visual screening process are listed in Fable F.1.

Table F.1 — Visual screening testoutcomes

Metric Reporting units Related aspects Remarks

DUT| specifications | Varied 4.2.2 Product designy Record all provided specifications
manufacture, and
marketing aspects

DUT| information Varied 4.2.2 Product design, Record dimensions and qualitative
manufacture, and descriptors
marketing aspects

4:2410.1 Product and

manufacturer

information
Integnal DUT Varied 4.2.3 Product durability | Describe/document wiring and electron|cs
inspection and workmanship fixtures

aspects
Inteqnal DUT Number of 4.2.3 Product durability | Record the number of soldering and/or
inspection defeets and workmanship electronics quality defects

aspects

F.3 | Related tests

Annex Fis not related to any of the other annexes.

F.4 Procedure

F.4.1 Properties, features, and information
F.4.1.1 General

Relevant DUT information, such as external DUT measurements and observations, are
recorded to capture the DUT’s characteristics. Sufficient comments should be provided to
thoroughly describe the DUT’s characteristics. This part of the procedure may be completed
on a single sample.
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F.4.1.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

Callipers and/or ruler.

Balance (scale).

Bright task light with good colour rendering.
Camera.

F.4.1.3 Test prerequisites

The IDUT should be new, unaltered, and in its original packaging. Read the packaging

and
info

Hocumentation for instructions on using the product. Consult the manufacturer for,mis
rmation pertaining to the required observations.

F.4.1.4 Apparatus

The PUT may be positioned under a bright task light in the examination;ifinecessary.

F.4.1.5 Procedure

All
and
the

photographs or scans of packaging, documents (e.g., us€r's’ manual and warranty ¢
abels shall be in colour and of sufficient quality that all'text is legible (unless illegib
griginal document) and all diagrams, icons, and othef_images are clearly reproduceq

photpgraphs of DUT components shall be in colour and of sufficient quality that all relq
text fis legible (unless illegible on the item being photographed) and all relevant icons

ima

a)

des are clearly reproduced. These steps shall-befollowed.

rovide the following.
) Note the date that the samples were received.
)  Note the method of sample procurement.

QW N = =

) Note any identification code for the inspected sample(s) for properties, features,
information.

4) Note all available .manufacturer contact information (e.g. name, address, p
number, email, website, etc.).

e-mail address, and website).

6) Photograph™or scan all sides of the product’s retail box and describe the box’s qu
if available.

7))  Note.if a user’s manual is included with the DUT. If so, report the type of manua
(exg. booklet, sheet, etc.), report the language(s) in which it is written,
photograph or scan each page.

box
sing

ard),
le in
. All
vant
and

and

hone

5) Note all available designer contact information (e.g., name, address, phone number,

ality,

it is
and

) Note and describe any labelling of hazards (€.g., related to Inverters or high
output).

DC

9) If a warranty is available, record the warranty duration, in months, describe the terms
and conditions, and photograph or scan the warranty material. Note if there are

separate warranty durations for the battery or included appliances.
10) Photograph or scan any other documents included with the DUT.

11) Note and describe any instructions for proper disposal of the battery and/or product.

12) Note and describe any instructions for replacement of the battery.

13) Note and describe any instructions for obtaining service or replacement parts in case

of a problem with the product.

14) Note and describe any instructions for ensuring the PV module is not shaded.
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Note and describe any instructions on how to connect the PV module to the product’s
power control unit for charging.

Note and describe any instructions on facing the PV module surface towards the sun.

Note and describe any required pre-use instructions during installation (e.g. charging
the battery fully, inserting a supplied fuse).

Note and describe any instructions on how to make required permanent connections,
including instructions for wire termination or connection, if applicable, during
installation.

Note and describe any instructions on how to connect advertised appliances.

Note and describe any instructions on the battery’s state of charge.

Note and describe any specifications for product components that could require
replacement (e.g. fuses, lights, PV module, batteries).

Note and describe any instructions on keeping the PV module surfdcé clean.
Note and describe any instructions to not ding the PV module fromthe back.
Note and describe any instructions to not carry the PV module-by its cable.

Note and describe any instructions on preventing the \PV module from crag¢king
during handling.

Note and describe any instructions to keep the product away from fire.

Note and describe any instructions on the product’s graphical display, if a display is
included.

Note and describe any instructions to not.drop the product.
Note and describe any instructions to not'cut or heat the product’s cables.

Note and describe any instructions™o avoid keeping the battery at a low statge-of-
charge for long periods of time.

Note and describe any instruetions on replacing product components that gqould
require replacement (e.g. fuse€s, lights, PV, batteries).

Note and describe anylinstructions to fully charge the batteries before long{term
storage of the product.

Note if the installation instructions recommend that the DUT be installed by the
company that sells the DUT and/or trained technicians.

Note any instructions provided regarding wire or cable connections, e.g. warnings to
prevent shorting connections, directions on stripping the wires, and instructions to
securely.screw down the wires.

If the DUT is recommended to be installed by a company or trained techniciansg], i.e.
not the customer, note if technician training documentation or other detpiled
installation documentation has been provided. Describe any additional installation
instructions included in this documentation that were not already noted above

b) Provide the following (in the specified units) without disassembling the DUT.

1)

List each individual component group along with a description and a list of the items
included in each group. Do not include the photovoltaic module in this section. If, as
identified in F.4.1.5 a) 19), the user manual or other consumer-facing information
indicates that multiple appliances without internal batteries that provide the same
type of service, e.g. lighting, should be connected to a single port (e.g. by daisy-
chaining or with a splitter cable), these appliances may be treated as a single
appliance component group or as individual appliance component groups. Treatment
of the appliances should be consistent throughout the test methods; for instance, if
the appliances are treated as a single appliance in the full-battery run time test, they
should also be treated as a single appliance in the light output test, appliance tests,
and energy service calculations. The product specification may provide further
guidance on treatment of these appliances.
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2) Measure the DUT’s mass, in grams (g), as it would typically be used in a lighting
application (not including any external solar modules or mobile device charging
connectors) and indicate the specific components included in mass measurement.

3) Measure any included appliances’ mass, in grams (g).

4) Measure the length, width, and height, in centimetres (cm), of the DUT, lamp unit(s)

and any additional included appliances, components or interconnected p

arts,

separately. Do not include dimensions of an external PV module or any mobile

device charging accessories.

Observe the following (consult the documentation for any explanations; see 4.1.3 for

details on the terminology used in the following steps).

1) Measure and describe the length, in metres (m), of any cables connecting the@o
box to the batteries, the control box to the lamp units, or the control box“to
included appliances.

2) Note if any cables will be predominantly used outdoors. Note~if~certific
documentation has been provided for these cables indicating they-are suitabl
outdoor use.

3) Note if the DUT has any screw terminal connections or if all_ connections are
and-play.

4) Note the total number of unique lighting units, indicate the technology used in
(LED, fluorescent, incandescent, etc.), and provide a description and photograp
each.

5) Note the number of light points in each lighting,unit.

6) Note the number of arrays contained in each)light point (e.g. a group of LEDs
function as a single unit is an array). For example: If a lamp unit contains 10 L
and 5 LEDs illuminate for one setting, and all 10 LEDs illuminate for the only

setting, this lamp unit contains two arrays (5-LED and 10-LED).

7) Note the number of independent light sources (i.e. the total number of LEDs or
bulb types) in each array.

8) Determine the number of DUT light output settings. Use the setting descrip
provided by the includedCliterature. If no setting descriptions are provided,
appropriate descriptions_(e.g. high, medium, low, 1 high-power LED, 3 low-p
LEDs, etc.).

9) Describe the configuration of the main lighting unit, defined as the power contro
with lighting appliances (if applicable) or the brightest lighting unit (if no p
control unit i§ included).

10) Note any built-in appliances, as defined in 4.1.4, including lights with some or
their driver or ballast circuits internal to another component of the product. L
with~any of the following properties should be examined to determine whether
should be treated as a built-in appliance:

ntrol
any

ation
e for

blug-

each
hs of

that
FDs,
bther

bther

tions
use
bwer

unit
bwer

bl of
ghts
they

main unit;

=~/ The light has multiple brightness settings that are selected using a control 0||1 the

— The light is to be connected to a port which cannot be used for any other

appliance (according to labels and/or user documentation);

— Internal inspection of the light point (F.4.3) reveals no electronic components on

the PCB except the light sources (e.g., LEDs) themselves.

— The behaviour of the port (e.g., as observed in the assessment of DC p
Annex EE), is consistent with the output of an LED driver circuit (e.g., a cons
current power supply).

Ports or appliances with security features, and appliances connected to ports

orts,
tant-

with

pulse width modulation (PWM), may be tested as built-in or removable appliances;

see EE.4.2.5.

11) Describe and photograph the arrangement of lamp units, included appliances,

battery(-ies), and energy source(s) in terms of housing/cases.
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EXAMPLE There are two housings. In the main housing, there is a battery with a gooseneck lamp protruding from
the housing. The other housing is a remote lamp unit with no battery; it is connected to the main housing with a
4 m cable that has an inline switch. The PV module is external and connects to the main housing with a cable.

12)

13)

Describe the materials that compose the lamp units, battery housing, charge
controller housing, included appliances, and/or any other housings (e.g. plastic,
metal, glass, or other).

Note if the DUT and included appliances have any indicators (e.g. charge indicators)
and, if so, include descriptions of indication meanings and photographs of the
indicators.

Note and photograph any other features present on or included with the DUT and
included appliances (p g handles mmmting hrackets annr‘la)

d) Measure and observe the following (in‘the provided units) for the PV module.

1
2

Note if the DUT has a radio or mobile device charging capabilities. If so, phefagraph
the connectors.

Describe and photograph any other included appliances, accessories or, connegtors
not yet documented (excluding DC ports and connectors associated with thge PV
module).

Indicate if the DUT provides central (e.g. grid, central station) or independent |(e.g.
electromechanical, solar PV) charging and the specific charding” means and desg¢ribe
the robustness of each included charging mechanism.

If a grid charger is included, note if it carries any recognized safety marks, sudh as
the CE mark. Note the source and nature of the safety marks and be sufe to
photograph any labels provided on the grid charget.

Note each component's primary form factor(fixed indoor, fixed outdoor, porfable
separate, portable integrated, or other) and.also note any secondary form factors.

Note the product’s expected use(s) (e.g.;;ambient, torch, task, etc.).

Provide any general comments regarding the product’s properties, features, apd/or
information.

Measure the mass (g) of the_ PVV"'module.

Measure the PV module’s overall length and width, in centimetres (cm), including the
frame.

Measure the active(solar material’s overall area, in square centimetres (cm?2).
Note if the PV module is external or integrated into the product’s housing.

Measure the PV module’s cable length, in metres (m), in the case of externgl PV
modules,

Note the.PV module’s solar material (e.g. poly-Si, mono-Si, CIS, amorphous).
Note_the PV module’s encasing (e.g. lamination, glass, epoxy).

Carefully inspect each PV module under an illumination of not less than 1 00D lux
and note any of the following visual defect conditions:

— cracked, bent, misaligned or torn external surfaces;
— broken cells;

— cracked cells;

— faulty interconnections or joints;

— cells touching one another or the frame;

— failure of adhesive bonds;

— bubbles or delaminations forming a continuous path between a cell and the edge
of the module;

— tacky surfaces of plastic materials;
— faulty terminations, exposed live electrical parts;
— any other conditions which could affect performance;
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— (for thin film PV modules) voids in, and visible corrosion of any of the thin film
layers of the active circuit.

9) Make note of and photograph the nature and position of any visual defects, cracks,
bubbles or delaminations, etc. which could worsen and adversely affect the module
performance.

10) Photograph the PV module, including the back side that does not have PV material.

11) Note whether any appliances (including built-in appliances) without internal batteries
can turn on while the main unit is charging from its PV module.

12) Note whether any appliances with internal batteries can turn on while charging from
the power cantrol unit

3) Describe the robustness of the PV module.

4) Describe the quality of workmanship in the PV module’s junction box, if présent.
5) Note any additional information about the PV module (e.g. number of individual gells).
rovide the following information regarding the product’s DC ports.
)  Number of distinct port types.

D
~
N = T = 2

)  For each port type:
i) brief description of the port (e.g. "USB port 1");
i) receptacle type (e.g. USB 2 type A, barrel jack, cigarette lighter jack);
iii) number of identical ports of this type;

iv) nominal port voltage, determined from any‘f the following sources:

manufacturer-supplied information;
— user documentation and labelling;

— if the port is a standardized or conventional connector, the appligable
standards and/or conventions;

— measurement of the open=circuit voltage and the voltage under load.
v) rated maximum port current, if any, determined from any of the following sources:

— measurement of the open-circuit voltage and the voltage under load;

— manufacturer-supplied information;

— user documentation and labelling;

— markings on any DUT components, such as a fuse or circuit breaker, if if can
be determined that the component limits the current for the port.

vi) whether the port is intended or expected to be used for charging mobile deyices
(exg."based on labelling, documentation, or provided adapters);

vii}photograph of the port.

F.4.2 Specifications

F.4.2.1 General

All relevant DUT specifications are recorded for later comparison in testing results. This part
of the procedure may be completed on a single sample.

F.4.2.2 Equipment requirements

No equipment is required for this part of the visual screening procedure.

F.4.2.3 Test prerequisites

The DUT should be new, unaltered, and in its original packaging. Read the packaging box
and documentation for instructions on using the product. Consult the manufacturer for missing
information pertaining to the required observations.
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F.4.2.4

Apparatus

No apparatus is required for this part of the visual screening procedure.

F.4.2.5

Procedure

Examine the DUT’s packaging, user’s manual, product website, and components for battery,
lamp, charge controller, included appliances and PV module specifications. While obtaining
the specifications, the DUT should not be opened or otherwise tampered with in any way. The
internal inspection of F.4.3 can reveal more product specifications, which should be included
with the specifications from F.4.2 and noted accordingly.

a)

When provided, note the following specifications (in the specified units), indicate| and
ghotograph the source(s) of each, and comment on any specification discrepangies.
Ihdicate if the specification is not provided but can be ascertained by observation |(e.g.
hattery chemistry and battery nominal voltage).

1) Battery chemistry (VRLA, NiMH, Li-lon, LiFePO4, or specify other).

4) Rated battery capacity, in ampere hours (Ah).

Jd) Battery nominal voltage, in volts (V).

4) Battery package type (AA Cell, 18650, 26650, or specify-other).

q) Lamp type (LED, compact fluorescent, linear fluoreseent, incandescent, or spgcify
other).

q) Lamp driver (constant voltage source, constant current source, pulse width
modulation, resistor, or specify other).

1) Charge controller present (yes/no).

gd) Charge controller deep discharge protéction voltage, in volts (V).

9) Charge controller overcharge protection voltage, in volts (V).

10) PV module maximum power poinf\power (Pmpp), in watts (W).

11) PV module open circuit voltage(7,), in volts (V).

12) PV module short circuit current (Ig;), in amperes (A).

13) PV module maximum.power point voltage (Vmpp), in volts (V).

14) PV module maximum power point current (]mpp), in amperes (A).

15) Daily energy setvice, in watt-hours (Wh).

16) Included apptiances (specify what is included).

17) Appliance input voltage range (V).

18) Appliance maximum power usage (W).

19) Appliance average power usage (W).

40)<{Appliance standby power usage (W).

21) Where available, note basic television specifications — the screen size (inch), TV
technology (LCD, LED, Plasma or CRT), antenna type, built-in DVD player, AC
power adapter included and built-in FM tuner/radio capabilities.

22) Where available, basic fan specifications — the fan diameter in millimetres (mm),
speed settings, type of stand and ceiling mounting.

23) Where available, note for any included radio specifications — the radio bands, built-in
MP3 player, battery chemistry, battery capacity in ampere hours (Ah), nominal
battery voltage in volts (V) and battery run time specified.

24) Where available, note for any included portable video player specifications — the

screen size (inch), DVD player, AC power adapter included, USB inputs, memory
card slots, built-in FM tuner/radio capabilities, built-in MP3 player, battery chemistry,
battery capacity in ampere hours (Ah), nominal battery voltage in volts (V) and
battery run time specified.
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25) Where available, note for any included refrigerator specifications — the refrige

rator

capacity in litres (l), the freezer capacity in litres (l), the energy use per day in
watt-hours per day (Wh/day) and the temperature the energy use is specified for in

degrees Celsius (°C).

26) Where available, note for any other included appliances any relevant specifications

on their use.
For each advertised or included appliance, provide the following information:
1) The advertised name of the appliance.
2)  Whether it is included with the product (yes/no).

T VWhether or not it 1S a ighting appliance (yes/no).

4y The name of each setting, a description of each setting, and the total numb
settings.

Appliance input voltage range (V).
Appliance maximum power usage (W).
Appliance average power usage (W).
Appliance standby power usage (W).

© O ~ O O
= — — — —

Where available, note basic television specifications <theé screen size (inch)
technology (LCD, LED, plasma or CRT), antenna type{ built-in DVD player, AC p
adapter included and built-in FM tuner/radio capabilities.

speed settings, type of stand and ceiling mounting.

11) Where available, note for any included radig specifications — the radio bands, bu
MP3 player, battery chemistry, battery\capacity in ampere hours (Ah), nor
battery voltage in volts (V) and batteryruntime specified.

12) Where available, note for any in¢luded portable video player specifications -
screen size (inch), DVD player;\AC power adapter included, USB inputs, me
card slots, built-in FM tuner/radio capabilities, built-in MP3 player, battery chem
battery capacity in ampere~hours (Ah), nominal battery voltage in volts (V)
battery run time specifieds

—_

3) Where available, note(for any other included appliances any relevant specifica
on their use.

Vhen provided, record‘the following run time specifications, in hours (h), indicate
hotograph the soutece(s) of each, and comment on any discrepancies. Be aware tha
in time claims(reported on the packaging or other consumer-facing information shg
ponsidered totbe the solar run time on the brightest (or highest power) setting, un
therwise specified in the claim.

= 0 0O - T <

)  Note-the number of hours of operation on a full battery charge for all appli
settings (full-battery run time) and all appliance uses specified.

br of

, TV
bwer

10) Where available, basic fan specifications — the(fan diameter in millimetres (mm),

ilt-in
ninal

the
mory
stry,

and

ions

and
any
Il be
less

Ance

2\ Note the number of hours of operation on a battery charge from a day of

solar

charging for all appliance settings (daily solar run time) and all appliance
specified.

uses

3) Note the number of hours of operation after a specified electromechanical charge

period for all appliance settings (electromechanical run time ratio).

4) Note the number of hours of operation after a specified AC/DC adapter charge period

for all appliance settings (grid run time).

5) Note and describe any specified run times that do not fit into the previous
categories.

6) Note any additional claims regarding charging of mobile phones or other dev

four

ices,

including the number of devices, types of devices, energy availability or hours of

charging, etc.

When provided, record the following charging time specifications, in hours (h), ind
and photograph the source(s) of each, and comment on any discrepancies:

icate
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f)

F.4.3 Functionality and internal inspection
F.4.3.1 General

An internal inspection is performed to assess the electroni¢s and soldering workmanship,
DUT|and included appliances fail the inspection if poor internal workmanship inhibits the
and
completed for every sample being tested.

F.4.3.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.p.

F.4.3.3 Test'prerequisites

The PUT and-included appliances should be new, unaltered, and in original packaging.
the netail box and documentation for instructions on using the DUT and included appliar
Conguli‘the manufacturer for missing information pertaining to the required observatior
the

1) Note the charging time required to fully charge the battery, including appliances as

applicable.

2) Note the daily charging time required to achieve any advertised solar run times,

including appliances as applicable.

3) Note the duration of charging or amount of effort required for any specified

electromechanical run time, including appliances as applicable.

4) Note the duration of charging required to achieve any specified grid run time,

including appliances as applicable.

5) Note and describe any specified charging times that do not fit into the previous
Pafpgnrine

four

) Note any additional claims regarding charging time.

here available, note any light output specifications, in lumens (Im), indicate
hotograph the source(s) of each, the corresponding lamp setting(s), and comment or
iscrepancies.

Note any general comments related to specifications and discrepancies-in specificatio
any.

included appliances from properly functioningThis part of the procedure shoul

right task light with good colour réndering.

B

Miscellaneous hand tools (screwdrivers, wrenches, etc.) to disassemble DUT.
(Gamera to document DUJT\characteristics with particular attention to potential poin
f

C voltmeter or multimeter for conducting basic electronic integrity and functionality tg

O
Qptional: DC current clamp meter.

and
any

ns, if

The
DUT
i be

s of

sts

Read
ces.
s. If

[pY N ]

H H FS FH H 4l 4 IS £l [ <l H 4 FH
U T Ul appiaricc imrolructiiviio Toyuimrc tichn U UT |un_y \JIIGIHUU MUl U UpcTIrativll,

prior to conducting this test.

F.4.3.4 Apparatus

O SO

The DUT and included appliances should be positioned under a bright task light for
examination.

F.4.3.5 Procedure

All photographs of DUT components shall be in colour and of sufficient quality that all relevant
text is legible (unless illegible on the item being photographed) and all relevant icons and
images are clearly reproduced. The following steps shall be followed.
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a) Check the functionality of the DUT and included appliances before disassembling. If a
proper charging cable and/or appliances is not included with the product, the proper
charging cable and/or appropriate appliance shall be obtained by the test laboratory to
check for functionality.

1)
2)

Do the DUT and included appliances work as described with provided documentation?

Do the DUT and included appliances charge as described with provided
documentation? Be sure that any included grid charger properly functions. To ensure
that the DUT is receiving a charge, the current at the battery should be measured
with a DC current clamp meter. The product’s charging indicator, if any, should not
be used for this assessment as it can turn on even when the battery current is

bare conductors;

plugs:that could exceed ampacity ratings if improperly used;
electrical situations that could lead to a fire;

Make note of and phnfngrnph any pnfnnfial hazards or Q:\fpfy issues identified

naaliaibhla
HegrTgroTe

For functions that require additional components for testing that are not included|with
the product (e.g. mobile device charging), obtain the appropriate appliafice and/or
charging cable. Do the functions work as described with provided documentation|?

Do all of the switches and connectors on all components of the‘DUT, incldding
appliances, function as they should?

Comment on any notable characteristics of the DUT’s light output (e.g. glare, cqlour,
inconsistency between samples).

Comment on any notable characteristics of the functionality of the included
appliances.

Comment on the proper functioning of the indjcater lights (such as a charging
indicator) and/or informative displays (such as acdisplay showing the battery’s gtate
of charge), if applicable.

Comment on any faulty operation and providevphotographs, if necessary.

A DUT is considered to no longer functiof~if any of the following functions fail to work
at any point during testing under normal use with the battery at the appropriate state
of charge:

— one or more included appliance will not turn on;
— any of the light sources, arrays and light points will not turn on;

— the product will noticharge via solar, and/or grid, and/or mechanical] as
applicable;

— battery is unsafe (leaked fluid, inflated, etc.).

Inspect the DUT andtincluded appliances for potential hazards or safety issues, such gs:

sharp points and edges that can cut someone (including exposed screws and fastgners
with shdpp points and edges);

Disassemble the DUT and included appliances so the following internal observations can
be made.

1)

2)

Inspect the internal electronics for potential hazards or safety issues such as: a
potential for shorting the product's battery if two bare wires near each other and
could touch or inflated/leaking batteries. If lithium batteries are inflated or fluid is
present, these batteries are dangerous and shall not be used for any additional tests.
Dispose of the batteries properly.

Make note of and photograph any potential hazards or safety issues identified.

Inspect the electronic components’ quality and workmanship. Document the
workmanship with comments and photographs. Record the number of observations of
each deficiency listed below for each sample examined:
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— soldering: note any poor solder joints, such as cold joints or joints with
insufficient or excess solder;

— wiring: note any poor wiring, such as a badly pinched wire;

— fixture: note any poor securing of internal components, such as poor gluing that is
likely to fail;

— battery: note any battery-related deficiency that does not constitute a safety issue,
such as corrosion of battery terminals or if the battery is not adequately fastened,
such as with loose connectors;

— minor functionality: functional deficiencies include an indicator light or display
failing to waork a2 non-functional accessory (leh as _extension PQh'D)’ and an
extra port not functioning. Functional deficiencies are not severe enough topsult
in the product no longer functioning according to F.4.3.5 a) 9), above.

Determine the product’s total deficiencies score. Sum the number of ‘deficiencies
observed between the examined samples for soldering, wiring, fixture;-and baftery.
Sum and triple the number of deficiencies observed between the examined sanjples
for minor functionality. Add these two sums together and divide~py the number of
samples examined — this is the total deficiencies score.

3) Indicate whether the DUT and included appliances use caple ‘strain reliefs and, |f so,
which cables have strain reliefs. Document with photographs.

4) Indicate methods used to secure parts inside the DUT.and included appliances |(e.g.
screws, glue, tape, clamps/straps, or other) and docunient with photographs.

5) Indicate methods used for securing wire and cable connections (e.g. solder, pinqjand-
socket connector, screw terminal) and document with photographs.

6) Note if the DUT and included appliances have an easily replaceable battery and/or
printed circuit board (PCB). The batterysand PCB are easily replaceable if they can
be interchanged without any tools other than screwdriver(s) (i.e. no soldering or
splicing) that are used only for the“removal and replacement of screws (i.g4. no
prying). If the battery and/or PCB ‘can be replaced in this manner, it is considered
"field replaceable." Note if any “instructions are included for replacing the battery
and/or PCB.

7)) Some batteries utilize safety and/or cell balancing circuitry on the power control unit
PCB (external to the battery pack). Note if the DUT’s battery utilizes a safety/cell
balancing circuit external to the battery pack. This arrangement can be observdd as
additional wire_connections between the battery and the PCB. Document [with
photographs. €ansult the manufacturer if uncertain.

8) Examine the” internal components, especially the batteries, and note | any
specifications that were not apparent in F.4.2.5.

9) Notefdif~the batteries contain any internal circuitry. This type of circuitry typically
consists of a small PCB located beneath a plastic jacket encasing the baftery.
Document with photographs.

NOTH “Additional wire connections between the battery and the PCB can have other functions as well; for example
temperature sensing. Voltage measurements of the additional wires can be helpful in assessing their function;
voltages on wires added for cell monitoring and/or balancing will be multiples of the cell voltage.

10) For lithium-ion or lithium iron phosphate batteries with multiple cells (or parallel
cellblocks) in series, note if the appearance of the battery pack and circuitry is
generally consistent with the description provided by the manufacturer in D.3.2.2 i),
D.3.2.2j), and D.3.3.3 d) regarding individual cell protection.

11) Determine and note the workmanship quality using the following guidelines:

— good: no deficiencies were observed with the samples examined, and all samples
being tested continued to function throughout normal use during testing without
any hazards or safety issues;

— fair: deficiencies score greater than 0 but less than or equal to 1,25, and all of the
initially functional samples being tested continued to function throughout normal
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use during testing, without any hazards or safety issues. At most, one sample did
not function as defined in F.4.3.5 a) 9) when initially evaluated;

poor: deficiencies score greater than 1,25, or one or more initially functional
samples being tested stopped functioning throughout normal use during testing or
developed one or more hazards or safety issues, or two or more samples did not

function when initially evaluated.

The workmanship quality may be reassessed upon completion of testing, as samples

can stop functioning under normal use during a later test.

2) Provide any additional overall internal screening comments as necessary.

Reporting

Report the following in the visual screening test report.

Metadata:

report name;
procedure(s) used;
DUT manufacturer;
DUT name;
DUT model number;
name of test laboratory;
approving person;
date of report approval.
lanufacturer contact information (e.g. website, email address, phone number, etc.).
etail box description, if available.
ser’s manual information:
included with DUT (yes/no);
type (e.g. booklet, pamphlet, sheet);
language;
comments.
roper disposal instructions information, if available.
attery replacement instructions, if available.
azard labelling, if available.
Varrantysinformation, if available:

duration (months);

| H £ 4 | A HH
UUO\JlllJLlUll UT ITTTITS Aartu CUTTUTUIVUTTO.

Complete DUT information (e.g. battery unit, lamp units, control unit, appliances):

mass (g);
list of components included in mass measurement.

DUT cable information:

length of all cables except those used to connect PV modules (m);

cable to be used outdoors (yes/no);

certification documents provided for cables to be used outdoors (yes/no);
description of all cables except those used to connect PV modules.

DUT component information:

length of each component (cm);
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width of each component (cm);
height of each component (cm);
number of each component included with DUT;
description of each component.

e DUT lamp unit technology information:

type of each unique lamp unit variety (e.g. LED, CFL, incandescent.);
number of light points in each unique lamp unit variety;

number of arrays in each unique lamp unit variety;

description of each unique lamp unit variety’s technology use.
escription of DUT arrangement in expected typical use.
UT setting information:

name of all individual light output settings;

description of each individual light output setting.
UT and included appliances materials information:

list of all materials used to construct each DUT compongnt{e.g. glass, balsa wood,
plastic);

description of all DUT components construction materials.
UT included appliances indicators information:
list of all indicators present on each DUT component (e.g. battery charge indicators);

~

description of all DUT component indicators.
UT included appliances features information:

list of all features present on each DUT component (e.g. handles, mounting brackets,
stand);

description of all DUT componentfeatures.
UT accessories included appliances information:

radio included (yes/no);

mobile device charging capability (yes/no);

descriptions of included appliances;

descriptions of-ether included DUT accessories and connectors.
UT charging.mechanism information:

grid charging supported (yes/no);

electromechanical charging supported (yes/no);

golar charging supported (yes/no);

description of each included charging mechanism.

e DUT DC ports information:

number of distinct port types;

description of each port type;

receptacle type for each port type;

number of identical ports of each type;

nominal port voltage for each port type and source of information;

rated maximum port current for each port type and source of information;

whether each port type is intended or expected to be used for charging mobile devices.

e DUT PV module information:


https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

- 104 — IEC TS 62257-9-5:2018 © IEC 2018

— length of each PV module (cm);

— width of each PV module (cm);

— active area of each PV module (cm?2);

— form of each PV module (external or integrated);

— cable length of each PV module (m);

— active solar material of each PV module (e.g. mono-Si, amorphous, CIS);
— encasing of each PV module (e.g. lamination, glass);

— description of any PV module visual defect conditions;

— description of the robustness of each PV module;

- description of PV module junction box workmanship;

- other PV module information.

OUT form factor and use information:

- DUT'’s primary form factor (e.g. fixed indoor, fixed outdoor);

- DUT'’s secondary form factor(s);

- DUT’s expected use(s) (e.g. ambient, torch, task).

Qverall comments based on the visual inspection.

Hrovided DUT specification information, if available:

- battery chemistry and source of information;

— rated battery capacity (mAh) and source of information;

— battery nominal voltage (V) and source of information;

- lamp type(s) and source of information;

— lamp driver and source of information;

- presence of charge controller (yesfno) and source of information;

— charge controller deep discharge protection voltage (V) and source of information;
— charge controller overcharge protection voltage (V) and source of information;

- PV module P, (
- PV module V. (V) and source of information;

W), and source of information;

- PV module I, (A)'and source of information;
- PV module Kenbp (V) and source of information;
- PV module Irpp (A) and source of information.

Description of any provided DUT specification discrepancies.

mvl

rovided appliance specification information, if available.

nenrip’rinn of any prn\/idnd appliannn cpnr\ifinnfinn dienrnpnnhine

Provided DUT run time information, if available:

— full-battery run time (h) for each setting and source of information;

— daily solar run time (h) for each setting and source of information;

— electromechanical run time for each setting and source of information;
— grid run time (h) for each setting and source of information;

— claims regarding mobile phone or other device charging abilities;

— other run time (h) for each setting and source of information.

Provided DUT charging time information, if available:

— full-battery charging time (h) and source of information;

— daily solar charging time (h) and source of information;
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electromechanical charging time (h) and source of information;
grid run time (h) for each setting and source of information;
claims regarding mobile phone or other device charging times;
other charging time (h) and source of information.

e Description of any provided run time discrepancies.

e Provided light output (Im) for each setting and source of information.

e Description of any light output discrepancies.

e DUT and appliances function out of box (yes/no).

[ ]
(A T - O Mm QO

Il switches and connectors function for each DUT sample and appliances with comn;
s necessary (yes/no).

escription of any potential hazards or safety issues.

escription of cable strain relief methods used and for which connections, ‘if)applicable.

umber of poor solder joints and workmanship deficiencies for eachhDUT sample
ppliances with comments as necessary.

otal deficiencies score.
orkmanship quality (good/fair/poor).

eans (e.g. screws, glue, tape) used to secure parts inneach DUT component (e.g.
nit(s), charge controller, PV module(s),appliances).

eneral fixture of parts comments.

eans (e.g., solder, pin-and-socket connectors{ screw terminals, etc.) of securing
nd cable in each DUT component (e.g., lamp unit(s), charge controller, PV modul
ppliance, etc.).

omments on overall layout and securing, of wires and cables.

asily replaceable battery and PCB for'the DUT and appliances (yes/no).
omments on ease of battery and/or PCB replacement.

ype of battery connectors.

resence of battery replacement guide (yes/no).

ufficient information.for proper disposal of batteries (yes/no).

resence of lithium3jon battery cell balancing or individual cell monitoring (yes/no).
verall description of internal workmanship.

igures:

properties, features, and information photographs;

specifications photographs;

ents

and

amp

wire
e(s),

£ 'H Lt PN [ 'H hat [
IUIIULIUIIGIILy darnuTrmnerTiiiar IIIO'JCULIUII 'JIIUI.UHIGPIIO.
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Annex G
(normative)

Sample preparation

Background

product sample shall be prepared before starting the tests. The preparation includes

configuring the product to allow connection with a laboratory power supply, as weII as taking

Ll PP 1 °N e oLt s b ot ] EH 1 d
mea ulUlllGlno oo TS—Wh—tt-cerr—Tntdh uaLLGly paul\o, LIIU HIUPGIOLIUII cuou HEt es

charging the product.

G.2

The

G.3| Related tests

The

Test outcomes

re are no sample preparation outcomes.

sample preparation procedures shall be performed on all"BUTs prior to conducting the

light|output test (Annex 1), lumen maintenance test (Annex.J), battery test (Annex K),| full-

batt

gry run time test (Annex M), grid charge test (Annex O), electromechanical charge| test

(Annex P), solar charge test (Annex R), charge controller behaviour test (Annex S), [light
distribution test (Annex T), battery durability test (Annex BB), protection tests (Annex|DD),

assessment of DC ports (Annex EE), and appliance tests (Annex FF).

G.4| Procedure

G.4.

The
test
duri
and

General

PDUT is configured in order to'make measurements of current and voltage during selgcted
g, charge the battery via a‘battery analyser, and simulate a specified battery voltage
ng selected tests with a-laboratory power supply. In some cases, this will mean selefting
httaching the correct plug and receptacle components. In other cases, the DUT will heed

to b¢ modified, by cutting wires and/or drilling holes, to allow electrical connections. VWhen

pos

ible, the testing [aboratory shall use all cables and connectors that are provided with the

DUT|and shall configure the system according to product instructions and in way consigtent
with [the normal«se of the product. Any modifications shall be kept to a minimum. Additjonal

configuration_information can also be found in Annex H; see in particular Figure H.1.

G.4.

p Equipment requirements

Th fallowina aniinea ANt nd _cuinen Loc thaolr Aniivalant ara rociiead Eoiiinmant d
e OOty COoTPTITeTTt aha STUPPTTCS; OfF—theH COorvarcTit—arc— roquimr O =g oTpPTTeTTT an

sup

plies shall meet the requirements in Table CC.2.

Plugs and receptacles (e.g. pin-and-socket connectors) that connect to the DUT electrical
ports to allow the use of a laboratory power supply and battery analyser with the DUT
appliances.

Insulated stranded copper wire. The conductor size shall be 0,75 mm?2 or thicker; for many
products, it is necessary to use thicker wire to avoid introducing excessive voltage drop.
The required conductor size depends on the wire length, the maximum current, and the
sensitivity of the product to voltage drop; in all cases, the wire size shall be sufficient to
avoid significantly affecting the behaviour of the DUT. Recommended minimum wire sizes
are given in Table G.1. It is recommended to use four different colours.

Wire cutters.

Wire strippers.
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G.4.

The
proc

G.4

The

Soldering iron and solder.

Heat-shrink tubing and heat gun.

Screwdrivers and/or other appropriate tools for opening the DUT.

Optional for DUTs with multi-cell lithium battery packs: DC power supply.

Optional: DC current clamp meter.

In some cases: a power drill with an appropriately sized drill bit to make a hole in the
enclosure to fit four extension wires.

W O 0O T

4

Table G.1 — Recommended minimum conductor sizes for copper wire

Expected maximum current Minimum Minimum wire
wire thickness
thickness (American wire
A mm?2 gauge)

<2,0 0,75 --
<2,2 0,82 18
<3,5 1,31 16
<4,0 1,50 --
<55 2,08 14
<6,7 2,50 --
<8,8 3,31 12
<10,7 4,00 --
<14,0 5,26 10

B Test prerequisites
visual screening shall be completed prior to performing the sample preparation
pdures.
Procedure
following steps shall\be followed.

or DUTs with multi-cell lithium battery packs, fully charge the product using the product’s
harging cireuitry to ensure the DUT has been given the opportunity to balance the [cells
f its battéry pack. (The battery pack and charge controller need not be from the game
ampled Use one of the two following options.

With the DUT configured for charging (e.g. solar module connected to power cqgntrol
unit), face the solar module towards the sun until the DUT reaches a full chargg. Be

sure to protect the DUT from water ingress.

Charge the DUT using a power supply. Set the power supply to the DUT’s rated
maximum power-point voltage and current. For DUTs with external solar modules, use
a severed PV connector to deliver the power to the DUT’s PV socket. For DUTs with
integrated solar modules, open the DUT to access and sever the leads between the
solar module and electronics to deliver the power through the DUT’s electronics. If the
maximum power-point voltage and current values are not rated, contact the
manufacturer to obtain the values. (This option is less realistic but more convenient for
laboratories without access to a secure location with frequent full sun exposure.)

To determine when the DUT is fully charged, the lab may use the included instructions or
check that current no longer enters the battery pack with a current clamp meter when the
solar module is exposed to sun or power supply is providing power.
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Identify the DUT’s system components and appliances and determine the method of

electrical connections between system components.

Modify the DUT to electrically isolate the battery from the electronics. This will allow the
battery to be tested and will also allow the electronics and ports to be powered from a

laboratory power supply. If the product has a cell balancing or monitoring circuit th
external to the battery, refer to H.5.6 e) when preparing the product.

at is

1) With wire cutters, cut the positive and negative wires individually where the battery
connects with the rest of the DUT circuit. To avoid a short circuit, which could result in
personal injury, fire, or explosion, do not cut the wires simultaneously. In some cases,

wires connected to each battery terminal — keep the wires attached to each ter
together and treat them as one wire end for the remainder of the proced
Occasionally, multiple batteries or battery cells are connected through,the PCH
other electronics external to the battery). When isolating these batteries,Jensure
the cells are connected in an equivalent manner to how they were originally conne
through the PCB.

Extend the four wire ends (two connected to the battery terminals, two connectg
the DUT’s PCB or other electronics) by soldering on additional wires. Make the
extensions long enough to be extended approximately 6 cm-outside the enclosure
no longer than necessary. To avoid electric shock, keep the battery positive
negative extensions separated. Cover the wire congections with heat-shrink ty
once soldered. To minimize voltage drop, the conductor size of the extension

added in this step shall be > 0,75 mm?2 (see recommeéndations in Table G.1) and &
to or larger than the existing DUT battery leads-.\Wire extensions shall be kept as
as possible. The laboratory shall monitor thevbehaviour of the DUT to ensure
modifications do not significantly change®the DUT’s performance. Change
performance can include changes to theoDUT’s power consumption, output, or
other function that is substantially diffefent than the function of the unaltered samp

N
~

NOTE In the American wire gauge (AWG) system, 18 AWG (0,823 mm?) is the smallest conducto
meeting this requirement.

(&%)
~

Close the DUT such that the wires can extend outside the enclosure without 4
pinched.

Some products are designed with openings in their enclosures such that the wireg
fit through these openings without physically changing the enclosure.

Some products do\not have openings for wire extensions to fit through, in which c3

slightly greater than the combined diameter of all four extension wires should be U
Choose a.location on the enclosure to minimize the extension wire length and mini
changes/*to the enclosure. Be sure that the extension wires do not interfere with
DUT.s_light output.

4) Optijonally, attach connectors (e.g. pin-and-socket connectors) to the ends of
€xtension wires for easy use during testing. Attach one connector to the ba

additional wires are attached between the battery and circuit for battery temperature

two
inal
jure.
B (or
that
cted

bd to
wire
, but
and
bing
vires
qual
short
that
S in
any
le.

r size
eing
can

Se a

hole shall be drilled into the side of the DUT’s enclosure. A drill bit with a diameter

sed.
mize
the

the
ttery

positive—andTregative extensiom wires andtheTmatingcormector tothe DUTp

ower

supply lead wires. If no connectors are used, be sure to keep the battery positive and
negative extensions separate when bare to avoid short-circuiting the battery. Covering
the ends of the wires with electrical tape is one method to keep the extensions

separate.

The charge controller behaviour test (Annex S), full-battery run time test (Annex M),
and solar charge test (Annex R) impose limits on the total series resistance of the

measurement apparatus. To meet these requirements, the use of connectors, sold
connections, or screw terminals is recommended. Alligator clips or similar sp

ered
ring-

loaded removable connectors can introduce significant resistance and should not be

used.

5) To ensure the DUT still works after it has been rewired, connect the wire pairs (with
connectors or electrical tape) so the original, unaltered circuit is replicated and turn the
DUT on. If the DUT does not turn on, check that the wires are connected correctly and
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that the solder joints connecting wires are good. Some products require having their
PV modules attached with light shining on the PV module to get the product to turn on;
afterwards, the PV module can be removed and the product will continue working until

its circuit is broken again.

d) (optional) In some situations, it is acceptable for a test lab to supply a regulated voltage
from a power supply directly to an appliance plug or wire end instead of supplying power
to the DUT power control unit. This method shall be used only if the appliance is normally

supplied power by a voltage-regulated port (constant voltage). Built-in appliance

S as

defined by EE.4.2.6 f) cannot be tested by this procedure. If the test lab is uncertain about

the voltage regulation of the port, this procedure shall not be used; instead, the lab
use b) above.

shall

1) Identify the positive and negative terminals or leads on the DUT’s plug and recep

voltage polarities on the connector terminals with the DUT turned ON.

N)
~

possible, use the cables and connector components thatcafe provided with the
and intended for normal operation.

mediately after the battery is disconnected and reconnhected. This can result in the
rning off or reducing brightness prematurely during the full-battery run time tes
oid these problems, a "secondary" set of wires’ may be attached to the battery and
r other electronics, to allow the DUT to be removed from one test apparatus

ttansferred to another without breaking the“circuit between the PCB and battery. F
.1 shows how the secondary set of~Wires can be incorporated. Instead of m
nnectors, a switch may be used on these leads.

hen transferring a DUT prepared.inv this manner from one test apparatus to another
the following procedure:

if using a switch, turn thesswitch on).
Disconnect the battery’and PCB wires from the first test apparatus.

N
~

) Connect the battery and PCB wires to the second test apparatus. If the appa
includes a relay or switch, ensure that it is closed before proceeding.

4) Disconnect.the secondary battery and PCB wires (or, if using a switch, turn the s
off).

I{ it is necessary to start the test (e.g. turn on the DUT or start data collection) in ste
erform\step 4) as quickly as possible to avoid missing current measurements.

o)

acle

connectors. This can be done by checking DUT instructions or by measuring the

Configure plug and receptacle components to mate with the DUT system“comporents
and allow the use of a laboratory power supply (to power the appliantes) and a battery
analyser (to test the battery(-ies)). In cases where suitable plug and receptacles
cannot be found, the DUT may be modified by cutting off conmnectors and/or opgning
DUT enclosures and proceeding with the DUT modificationsCoutlined above. When

DUT

Jome products that use coulomb counting or similar <methods for estimating stale of
charge will not correctly detect the battery state of cliarge when a discharge is started
i
t

DUT
. To
PCB
and
gure
ating

use

1) Connect the secondary wires from the PCB to the secondary wires from the battery (or,

atus

vitch

p 3),
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Primary wire connection
Sg¢condary wire connection (or switch)

DUT electronics

A w0 N

Battery
F

G.4.5 Calculations

No cplculations are required with the sample preparation procedures.

G.5| Reporting

No r¢porting is required with the sample preparation procedures.

gure G.1 — Connections with secondary set of wires to avoid battery disconnection
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Annex H
(normative)

Power supply setup procedure

H.1 Background

Several of the photometric test procedures replace the battery with an external laboratory
(bench) power supply to provide electrical power to the DUT for the duration of the test.
Ann speeifies v ‘G-G““ ‘G-“““;‘G SetupP—Proceautre O nese
testg.

¢r, the power supply shall be configured properly to eliminate errors that carr occur frgm:

e vpltage drops from the resistance of the lead wires, and

e dlectronic noise in the lead wires from either the DUT or the test environment.

Thege errors can (in most cases) be eliminated with a 4-wire test/configuration and inputf|filter
capacitors.

H.2| Test outcomes
The [est outcome of the power supply setup procedure’is listed in Table H.1.

Table H.1 — Power supply setup test outcome

Metric Reporting Related aspects Remarks
units

Used when a typical battery voltage
during discharge is needed, in tesfts
(such as the lumen maintenance test)
where it is impractical to use the
typical battery discharge voltage from
the full-battery run time test.

Starldard operating voltage Volts (V) n/a

H.3 | Related.tests

Anngx H is\related to the light output test (Annex |), the lumen maintenance test (Anngx J),
the golarcharge test (Annex R), the charge controller behaviour test (Annex S), and thellight
distrjpbution test (Annex T), the protection tests (Annex DD), the assessment of DC ports
(Annex-EE)}—and—appliance—tests{AnnrexFR—ltisnecessarytoperform—theful-battery run
time test (Annex M) to determine the typical battery discharge voltage in H.5.2. In some
unusual cases (battery types other than lead-acid, NiMH, lithium iron phosphate, or other
lithium-ion), it is also necessary to perform the full-battery run time test (Annex M) or battery
test (Annex K) in order to determine the standard operating voltage in H.5.2.

H.4 Equipment requirements

The DC power supply shall be capable of delivering a stable, accurate DC input to the DUT.
The power supply should have a voltage readout resolution of no more than 0,01V and a
current readout resolution of no more than 0,001 A. The voltage applied to the DUT should be
regulated to within + 0,2 % during photometric measurements, charge controller tests, and
solar charging tests and + 3 % for the duration of lumen maintenance tests. Equipment shall
meet the requirements in Table CC.2.
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Some test configurations may use power supplies without voltage and current readouts
capable of measuring voltage and current values with the required accuracy. For example, a
single power supply may be used to run concurrent lifetime tests on multiple DUTs (the DUTs

are run in parallel from a single DC voltage rail).

For these configurations, voltage

measurements may be made at each DUT input using a voltmeter or multimeter and current
measurements may be made using a voltage drop measurement on a series shunt resistor
using Ohm'’s law.

H.5 Setup procedure for photometric measurements and lumen maintenance
tests

H.5. Test setup

The following steps shall be followed.

a) The power supply and DUT are configured according to Figure H.1 or,Figure H.2. |nput
fllter capacitors shall be placed at the device input according to H.5.5.

b) The voltage level is set according to H.5.2 and measured according‘to'H.5.4.

c) Tlhe DUT is powered on and allowed to stabilize for > 20 min acc€oerding to H.5.3.

d) Tlests are performed on the DUT.

e) During testing, monitor the DUT for erratic behaviour thatcould indicate a problem|with
t:l:e test setup, including light output flickering, voltage and current instability, and difficulty
im device start-up.

IEC

Key

1 D€ power supply

2 DC power supply lead wires, (+ voltage sense wires for light output test)

3 Input filter capacitor attachment location

4 DUWT power contro) unit (battery is removed or disconnected from DUT electronics; see G.4.4.)

5 DUWT appliances

Eigure H.1 — Power supply setup for powering a power control unit

/7

1 2

B / | /‘\4

IEC

Key

A 0N

DC power supply
DC power supply lead wires (+ voltage sense wires for light output test)
Input filter capacitor attachment location

DUT appliance (appliance battery (when present) is electrically isolated from DUT electronics; see G.4.4.)

Figure H.2 — Power supply setup for directly powering an appliance
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H.5.2 DC voltage and current levels

The constant DC voltage level for testing a product sample is based on the test requirements
and battery characteristics.

When supplying power with a laboratory power supply to the DUT power control unit
(Figure H.1), either the typical battery discharge voltage (corresponding to the voltage at the
average power operating point found during the full-battery run time test, Annex M) or the
standard operating voltage (Table H.2) is used. This simulates the DUT’s battery voltage. The
typical battery discharge voltage is more representative of the typical operating point than the
standard operating voltage because it is based on measurements. The typical battery
discliarge voltage 1s ght output 1es nnex 1), g istribution] test
(Annex T), assessment of DC ports (Annex EE), and appliance tests (Annex FE).J| The
stanglard operating voltage is used for the lumen maintenance test (Annex J), in~which| it is
often] impractical for laboratories to drive multiple samples at different voltages”and |it is
desifjable to begin testing as soon as possible after receipt of samples~ The standard
operpting voltage is also used for the protection tests (Annex DD) because-these testg are
conducted on a single sample that might not have undergone the full-batiery run time tes{ and
the results are less sensitive to the operating voltage. The standard operating voltage is|also
used for the appliance tests because the typical battery dischargeCvoltage is not alyays
available for the appliance battery.

The |standard operating voltage shall not be used in place<efthe typical battery discharge
voltage. If it is necessary to determine a typical battery discharge voltage for a sample| that
will pot undergo the full-battery run time test, the average value for all the samples tgsted
may |be used. When supplying power with a laboratoryipower supply directly to a light point
(and[not using the DUT’s power control unit) (Figure H.2), the appliance operating voltage as
detefmined in Clause FF.5 is used. This simulates:the DUT’s port voltage for that appliange.

The ptandard operating voltage depends on.th€ type, configuration, and number of cells of the
battgry pack. These characteristics are typically provided by the manufacturer but maly be
detefmined by testing the discharge praofite (Annex K) and inspecting the battery.

The [standard operating voltages for several battery chemistries are listed in Table H.2] For
unknown or new types of batteries, the typical battery discharge voltage may be used in place
of the standard operating yoltage, or a typical discharge voltage may be determined [from
manyfacturer-provided battery specifications or from the battery test (Annex K), for example
by using the average voltage during the final discharge cycle in the battery capacity test.

Table H.2 ~Standard operating voltage for several common battery types

Battery type Standard operating voltage
Vicell

Lead-acid 2,05

NV 1525

Lithium iron phosphate 3,25

Other lithium ion 3,7

Other battery chemistry Use the typical battery discharge voltage
(Annex M), or use a typical discharge
voltage as determined from manufacturer-
provided battery specifications or the battery
test (Annex K).

During testing, some DUTs do not start up at the desired voltage and require an input slightly
greater than the desired battery voltage. In this case, incrementally increase the power supply
voltage by 0,05V until the DUT is operational at the desired light setting. After start up,
reduce the voltage back to the desired battery voltage and allow the DUT to stabilize. If the
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DUT will not remain on when the voltage is reduced, repeat this step and run the DUT as
close to the desired battery voltage as possible, making note of the issue.

The current drawn by a DUT powered with an external power supply at the typical battery
discharge voltage is generally at or near the current measured in the full-battery run time test
for the same setting at the typical battery discharge voltage. Similarly, the current drawn by
an appliance powered at the appliance operating voltage should be close to the value
measured during the determination of the appliance operating voltage. Variations greater than
5 % can indicate a problem with the power supply setup and should be noted in the test report.

H.5.

Stabilization period

A DU
Ther

a) t
b) t

n

In o
stab
with

e are two approved stabilization procedures:

he DUT is powered on and allowed to stabilize for 20 min, or

he DUT is powered on and is considered stable when three consecutive o
neasurements, taken 15 min apart, have a variation of < 0,5 % (IES-LM=79-08).

rder to facilitate testing of multiple samples, 20 min is specified as the mini

large heat sinks or high-powered LEDs. Voltage, current,yand light output for a

UT shall be allowed to stabilize (warm up) before light output measurements are. made.

itput

mum

lization time and is adequate for most products. Longer times\can be necessary for DUTs

DUT

should be monitored to determine if 20 min is an adequat€ sstabilization time. If a Ignger

stab
stab
DUT

H.5.4

Curr
and

lization time for a single DUT sample, and this time may then be used to test addit
samples of the same type.

| 4-wire power supply measurements

lization time is necessary, the IES LM-79-08 procedure may be used to determing the

onal

ent carrying lead wires used to providecpower to the DUT should be appropriately gized
as short as possible, and shall be separate from the wires used to measure the device

voltage (Figure H.3). This is typically referred to as a 4-wire test measurement, and elimirjates

the
curre
this

mak

easurement automatically\(also known as remote sensing), although test personnel
corrections by adjusting.the sense voltage manually.

oltage drop associated with the-resistance of the test leads because very little elgctric
nt is carried in the voltage sensing wires. Many power supplies are equipped to hgndle

may
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C power supply

ad wire

ltage sense

ries shunt resistor (optional)
UT

LF capacitor

uF capacitor

0 pF capacitor

Figure H.3 — 4-wire test configuration with input filter capacitors

] Filtering electronic noise

romagnetic interference (EMI) generated by the DUT or the test environment
fere with voltage and _current measurements. This can occur from switching p
lies found in some electronic devices and is exacerbated by using long lead wires
ower supply to the DUT. Problems with EMI will typically cause input voltage and cu

instability, and often ean-result in light output variation in the DUT.

Inpu
nega
cap
cap
Theg

citors ;shall be ceramic or tantalum types and have 1 uF, 10 uF, and 100 uF va

edhree capacitor values, used in parallel, will effectively mitigate most EMI problems|

can
bwer
from
Frent

capacitorssshall be placed at the DUT input connections, between supply positivel and
tive leads{—as close to the device as possible (Figure H.3). Wires connecting the
citor filter/to the DUT should be at least 0,75 mm?2 or larger if required by Annex G| The

ues.

H.5.6 Troubleshooting

If the DUT will not turn on after replacing its battery with a power supply, try the following
steps, in order. If the DUT turns off or drops to a lower light output setting after a period of
time, try the following steps starting with step b). If possible, consult the product manufacturer
to ensure that any troubleshooting steps taken will not damage the product.

a) Some solar products require power to be applied to the PV module in order to turn on
after the battery has been disconnected. Use the following steps:

1

) Follow the guidelines in H.5.1 for replacing the DUT’s battery with a power supply.

2) If the product does not have an integrated PV module, plug the DUT’s solar module

into its charging socket.
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3) Shine a bright light very close to the solar module. A 100 W incandescent bulb placed

as close as possible to the module while illuminating the entire surface is often
effective. Alternatively, expose the module to direct sunlight.

4) If the DUT does not turn on, try cycling its on/off switch. After the DUT turns on, the

solar module can usually be removed.

5) If these steps are unsuccessful, repeat the procedure, but while the light is being

applied to the PV module, increase the power supply voltage to the overcharge
protection voltage. If this voltage is not known, use the recommended value from
Table L.2. If this is successful, try to reduce the voltage to the correct value once the
product has turned on.

N)

l[ight, a power supply may be used to simulate the solar module.
1) Follow the guidelines in H.5.1 for replacing the DUT’s battery with a power supply.

(@)
~

the solar module is not available or it is not possible to expose it to sufficiently, bBright

) For products with external solar modules, connect an additional powersupply t¢ the

solar module socket. For products with integrated PV modules,,cut the Igads
connecting the PV module to the PCB and connect the power supply to these lgads.
Be sure to apply the power supply with the correct polarity; otherwise, the DUT can be
damaged.

Set the additional power supply to the solar module’s maximum power point voltage
(Vmpp) and maximum power point current (I,,,). A Use the rated values if| the
photovoltaic module I-V characteristics test (Annex Q)tas not yet been performed. (In
some cases, it is necessary to obtain the appropriate voltage and current values [from
the product manufacturer.)

) Follow steps a) 4) and a) 5), above. If necessary, leave the PV socket input conne

ption b) can sometimes be used if it is necessary to supply the PV input to the DU
ne entire duration of the test, for example ifithe product has a timer function that turn
ne product or changes the setting after alfixed duration regardless of the battery st

harge, or if the product uses coulombi\counting to estimate the battery state of ch
owever, it is more likely that c) will be'successful.

T O 0O D

nstead of replacing the DUT’s battery with a power supply, leave the battery conng

cted.

T for
s off
te of
rge.

cted

= o< —

attery voltage and current.

ithin the DUT. Supply poweritfao)the PV socket as in b). Provide a means to measur¢ the

Vhen this method is used,\the battery voltage cannot be regulated; the battery will charge
n‘ntil the product’s charge controller stops the charge cycle. Therefore, the use off this

ethod is subject te.the following cautions:

For products™ with NiMH batteries, care should be taken to avoid overcharging the
batteries during prolonged tests. A battery current of up to 0,05 ; A is generally|safe
for extended testing. For shorter durations, higher currents (typically up to 0,2 I;|A or
as specified by the battery manufacturer) can be used without damaging the batteny. At
ratessgreater than 0,05 I; A, avoid applying a total quantity of charge greater thap 1,6
times the nominal battery capacity (starting with a fully discharged battery).

If the prndur"r’c Iight autput varies with inpnt \/nltngp, manufacturer npprm/al should be

obtained before using this method for the lumen maintenance test. For most products,
holding the battery at 100 % state of charge is not representative of typical use and
can result in faster light output degradation. (However, if it is possible to regulate the
PV socket current so that the battery is held at a constant voltage, this caution does
not apply. This regulation could be performed using a special-purpose electronic circuit
or, in some cases, through manual monitoring and adjustment of the supply current.)

If it is not known whether the DUT has appropriate overcharge protection, to ensure
safety, the battery voltage should be monitored until it stabilizes.

Follow the instructions in ¢), but use a battery simulator instead of the DUT’s battery. This

w

ill allow regulation of the simulated battery voltage and avoids the safety issues in c).

Therefore, this method may be used in the lumen maintenance test even if the product’s
light output varies with battery voltage.
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e) If the product has a cell balancing or monitoring circuit that is external to the battery (i.e.
on a PCB external to the battery; see F.4.3.5), it is usually necessary to apply appropriate
voltages to the cell balancing inputs. The laboratory should develop a solution in
consultation with the manufacturer. The following options have been used successfully.

1) Connect resistors between the cell voltage inputs in place of the battery cells.
resistor values shall be closely matched so that the balancing function does not
operate. Ensure that the current drawn by the resistors does not result in an error of

1

—

Opti
nece
redu
of th

e |
NOTH
DC-D

termin
powe

e (
o A

H.6

The
to T3

more than 1 % in any current measurement.

The

This option is simpler than 2) and is often effective, but is unlikely to succeed if the

balancing function continues to operate. Most cell balancers place a low resistan

narallalwith tha call and thic will affact tha valtaaac ciinnlind t0 tha innutc ninlacco

ce in

pPoTroreT vt thr o oo o ot o vy T o T o ot oV Ot g T o O U P P T e O toO i e P Ut O T o oY

low resistor values are used.

DUT under all operating conditions. One method that has been used succéssfully

may be used to supply a stable voltage to each cell input.

b turn the DUT on.

Ced to a negligible value and it is possible to regulate the battery voltage for the dur
b test:

ight output test (Annex I)

als during use. The voltage at the battery>terminals can then be multiplied by the total current to cal
and luminous efficacy. This calculation_is“not valid for products with DC-DC converters.

utput overload protection test(PD.4.2)
ssessment of DC ports (Annex EE)

Reporting

voltage and currént for tests using an external power supply shall be reported acco
ble H.3.

Table H.3 — Voltage and current reporting requirements

Notes

very

4) In some cases, more complex circuitry is necessary to supply stable voltages to the

is to

connect an adjustable shunt voltage regulator in place of each cell. Thespower supply
is then set to constant-current mode, with a current value greater|\ than the cufrent
drawn by the DUT, and the shunt regulators determine the voltage. Alternatively, a
bipolar power supply or power amplifier capable of either sinking“or sourcing cuL

rent

is sometimes necessary to use option €) in combination with one of options a) throygh d)

bns b) through d) are not recommended for use with the*following test procedures if it is
ssary to supply power continuously through the PV input, unless the PV current can be

Ation

If the light output is independent of voltage,‘the’'light output test can be conducted. For products without a
C converter, the PV socket and battery current can be summed to estimate the total current at the bjattery

Culate

ding

Standard Determined from Table H.2 (required if standard operating
operating voltage voltage is used during testing)

DC voltage Regulated to within + 0,2 % during photometric measurements
and = 3 % for the duration of lifetime tests

DC current Measured using the power supply readout or series shunt
resistor. Readout resolution should be > 0,001 mA
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Annex |
(normative)

Light output test

1.1 Background

The light output of a solar LED light is a key parameter as products that do not provide a
sufficient amount of light have limited value.

Ligh{ output measurements (total luminous flux or lumen output) typically require the use of
an |ntegrating sphere or goniophotometer. An additional luminous flux megasurement
techpique, referred to as the multi-plane method, involves conducting. . illuminpnce
meagsurements on six planes that define a "box" around a test product and~uses these
measurements to calculate luminous flux. The multi-plane method is uniqueite 1EC 62257 and
is dgscribed in 1.4.4.

Labgratories may measure total luminous flux using an integrating-sphere, goniophotomleter,
or the multi-plane method.

The Jight output of all lighting appliances to be tested shall €/measured individually. If more
than|one identical lighting appliance is included with the product, more than one of each|type
of identical lighting appliances need not be measured{ The product specification may dgefine
categories of lighting appliances that need not be subjected to the light output test.

1.2 Test outcomes
The [est outcomes of the light output test.are listed in Table 1.1.

Table I.1-.—Light output test outcomes

Metric Reporting,units Related aspects Notes
Lumjnous flux Lumens (Im) 4.2.9.1 Luminous flux | Measured using a DC power supply,
output light sensor, and integrating spherg or

goniophotometer (or using a multi-
plane measurement).

Correlated colour Kelvin (K) 4.2.9.4 Colour Measured using equipment capablg of
temperature (CCT) characteristics characterizing spectral distribution
Coldur renderjng‘index | 0-100 (unitless) 4.2.9.4 Colour Measured using equipment capablg of
(CRI) characteristics characterizing spectral distribution

1.3 Related tests

The light output test is related to the full-battery run time test (Annex M) and the light
distribution test (Annex T).

The light output test allows several alternatives for determining light output. The multi-plane
method described in 1.4.4 and a goniophotometer may be used to generate information on the
distribution of the device (needed for Annex T) as well as information on light output. When
these methods are utilized, data may also be used by Annex T to calculate illuminance on a
plane, illuminance about an axis, and/or full width half maximum (FWHM) angles as described
in T.5.3.6.
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1.4

Luminous flux measurement techniques

1.4.1 General

The luminous flux of all of the lighting appliances supplied with the DUT shall be measured. If
more than one identical appliance is included with the product, only one of each set of
identical appliances should be tested.

These steps shall be followed:

a)

b)

d)

Determine the method of supplying power to the lighting appliance(s). The appliance shall
hHe connected either to a port on the DUT’s power control unit or directly to a labaratory
gower supply. See Annex H for additional information on selecting an appropriate mgthod
tp power the lighting appliance.

Rrepare the test sample for lighting evaluation as described in Annex G. SeDup a ppwer
qupply to drive the DUT as described in Annex H. Measurements shall“be taken|in a
donditioned space such that the air temperature is 22 °C + 5 °C.

When connecting a lighting appliance to a port on the DUT’s poweér control unit, us¢ the
typical battery discharge voltage (Annex M) to supply power.-from a laboratory ppwer
sjupply to the power control unit. All of the lighting applian€es’/in the product shall be
connected, powered on, and set at their highest output setting, unless otherwise spegified
the product specification or requested by the client. Additional settings may be tested at
the laboratory’s discretion.

hen a DUT has multiple lights, these lighting appliances should be tested individually
(for example, one lighting appliance is placed inside an integrating sphere and the others
dre powered on but left outside the sphere during the test). Though all lighting appliapces
dre connected and powered on during the, test, for DUTs with multiple identical lighting
dppliances, it is only necessary to measure one of each type of identical lighting
appliances.

EIXAMPLE The DUT includes three different-types of lighting appliances (e.g. a tube light, four ambien light
ppints, and two more focused light points)-’In this case, three of the seven lighting appliances wodld be
easured during testing — one of each lighting appliance type.

cases where multiple lighting~appliances can be connected to a single port, as identified
F.4.1.5 a) 19) and F.4.1.5,b) 1), these appliances may be treated as a single appliance
or as individual appliances:. If treated as a single appliance, all lighting appliances in the
chain should be tested‘together.

hen connecting—a-lighting appliance directly to a laboratory power supply, usg the
dppliance operating voltage (Clause FF.5). The DUT shall be powered on and set t¢ the
ighest output\setting. It is only necessary to measure one of each type of identical
lighting appliance.

All DUT\luminous flux measurements will be performed with the DUT(s) set to the highest
dutput setting. All DUT luminous flux measurements shall be performed with the DUT(s)
slet'to the highest output setting, unless otherwise specified in the product specification or

regd e ythe€€Hen Aad o8 S ey &8 o otratotry - oan]

Allow the DUT to stabilize according to H.5.3.
Record the voltage and current drawn by the DUT at the DUT’s input connector.

When powering DUT lighting appliances with a product’s power control unit, record the
voltage and current at the power control unit’s battery input connector.

1.4.2 Calculation for lighting appliances tested according to IEC TS 62257-12-1

If a lighting appliance without an internal battery has been tested according to the light output
test method of IEC TS 62257-12-1, the light output test need not be repeated provided that
the appliance operating voltage as determined in FF.6.3 is within the range of voltages at
which relative light output was measured during the input voltage range test of IEC TS 62257-
12-1.
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The relative light output and luminous flux measurements shall have been made at the setting
for which light output is to be calculated. (For example, the relative light output measured at
the high setting shall not be used to calculate the light output at the medium setting.) The CRI
and CCT values measured in the light output test of IEC TS 62257-12-1 may be used without
correction even if the drive voltage was not equal to the appliance operating voltage.

To calculate light output for such a lighting appliance, use the following procedure:

a) Calculate, using linear interpolation, the relative light output at the appliance operating
voltage (Clause FF.5), using the relationship between voltage and relative light output
measured in the input voltage range test of IEC TS 62257-12-1. (The relative light output

ndard

b) Multiply the relative light output value calculated in a) by the luminous flux value meagured
im the light output test of IEC TS 62257-12-1.

1.4.3 Luminous flux measurements with an integrating sphere or' goniophotometpr

Refer to the following standard test methods for the measurement-of luminous flux with an
intedrating sphere or goniophotometer:

o (IE 084;

o dIE 127;

e |ESNA LM-78-07;

e |ESNA LM-79-08.

1.4.4 Luminous flux measurements using the multi-plane method

1.4.4}{1 General

1 lu¥q is equal to 1 lumen per square-metre. This relationship is used in this method to optain
total| lumen output by determiningCthe average illuminance (lux) on a 1 m2 surface at six
surfgces (left, right, front, back,/top, and bottom) that completely encompass the DUT| and
sumiming up the zonal lumen.Qdtput from each of these six surfaces. This method is similar
conceptually to the method. by which lumen output is calculated by summing zonal Iymen
outplt for goniophotometricc measurements.

Whep connecting & lighting appliance to a port on the DUT’s power control unit, usg the
typical battery discharge voltage (Annex M). All of the lighting appliances in the product shall
be cpnnected,{powered on, and set at their highest output setting. Only one lighting appliance
can pe tested) at a time with this procedure. Other lighting appliances shall be covergd or
othefwise-arranged so that no light from these appliances reaches the measurement plang.

Though—attghting—apphances—are—connected—and-powered-on—during—the—test—forBYFs with
multiple identical lighting appliances, it is only necessary to measure one of each type of
identical lighting appliance.

EXAMPLE The DUT includes three different types of lighting appliances (e.g. a tube light, four ambient light
points, and two more focused light points). In this case, three of the seven lighting appliances would be measured
during testing — one of each lighting appliance type.

In cases where, as identified in F.4.1.5 a) 19) and F.4.1.5 b) 1), multiple lighting appliances
can be connected to a single port, these appliances may be treated as a single appliance or
as individual appliances. If treated as a single appliance, all lighting appliances in the chain
should be tested together.

If the lighting appliance is to be connected directly to a laboratory power supply as described
in G.4.4 d), rather than to a port on the DUT’s power control unit, use the appliance operating
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voltage (Annex FF.5). The DUT shall be powered on and set to the highest output setting.
Additional settings may be measured at the discretion of the test laboratory to verify truth in
advertising statements from the manufacturer when other light settings are advertised, or as
required in the product specification. It is only necessary to measure one of each type of

identi

cal lighting appliance.

1.4.4.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

uminance meter.

e M

ulti-plane test apparatus (described below).

C power supply.

O
e [C voltmeter or multimeter.
C

C ammeter.

1.4.4]3 Test prerequisites

See general procedure (1.4.1).

1.4.4|4 Apparatus

The fest requires a lighting distribution grid surface that can hold an illuminance meter o

1 m3

poin{s each represent 100 cm? of surface area, the-36)edge points each represent 50 cn

er a

surface with 0,1 m spacing — an 11 x 11 grid with<121 points (Figure 1.1). The 81 inferior

surfdce area, and the four corner points represent 25 cm?2 of surface area. The light is

0,5 m away from the centre of the grid surface((the 0,5 m is measured from the centre o

light|source itself).

- = 2 T
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Figure 1.1 — Conceptual schematic of the light output test setup, including the 11 x 11

grid, Cartesian coordinate axes for rotation reference, and the DUT
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1.4.4.5 Procedure

In general, the light shall be situated so the first surface that is measured is the one that
contains the peak of the overall light distribution. Subsequently, the light is carefully rotated to
capture the other five surface measurements. Three of the remaining five positions are
achieved by rotating the lamp exactly 90° about the vertical (Z) axis between each
measurement. The remaining two positions are achieved by rotating the light about the
horizontal (X) axis (see Figure 1.1). After every rotation, the centre point of the light source
should be exactly 0,5 m from the illuminance meter’s sensor when it is placed in the centre of
the measurement plane. The DUT shall be mounted using a turntable (rotating platform) or a
clamping system.

Be sure no stray light hits the photometer and no reflections from other surfaces in thé’foom
interfere with the readings. Installing a black curtain around the test setup and having) thg test
operptor wear all black are recommended.

The following steps shall be followed.

a) Arrange the room and prepare the DUT, ensuring the stand can hold)the DUT steadily and
gnables precise rotation.

b) YHupply power to the DUT and allow the DUT to stabilize according to 1.4.1.

c) Hosition the DUT such that the centre of its light source i$'9;5 m away from the centre of
the grid surface as shown in Figure |.1.

d) Tlhe centre of the grid surface shall read the highest light output provided by the DUT| at a

,5 m distance.

easure illuminance levels at every 0,1 m\ distance on the grid surface, with| the
iluminance meter co-planar to the measuremént grid (not normal to the light source).

e)
f) easure illuminance levels for the grid.‘points that read a lux value greater than the
resolution of the illuminance meter and.greater than 0,2 % of the maximum lux regding
flom the first surface measured.

otate the DUT 90° clockwise, repositioning the DUT, if necessary, such that the c¢ntre
oint of the light source is exdctly 0,5 m from the illuminance meter’s sensor. It is|also
ermissible to rotate the measurement grid about the DUT. Repeat steps d) through g) for
the two remaining side facés’until reaching the initial position.

ilt the DUT 90° down-(about the X axis) and reposition the DUT, if necessary, such| that
the centre point of the‘light source is exactly 0,5 m from the illuminance meter’s senspr. It
i$ also permissible to rotate the measurement grid about the DUT.

g)

easure illuminance levels for the grid points that read a lux value greater than the
resolution of the illuminance meter and greater than 0,2 % of the maximum lux regding
ffom the first surface measured.

ilt the DUT 180° up (about the X axis) and reposition the DUT, if necessary, such that the
ntre“point of the light source is exactly 0,5 m from the illuminance meter’'s sensor/| It is

[Ya) pnrmieeihln to rotate the measurement grid aboutthe DUT

k) Measure illuminance levels for the grid points that read a lux value greater than the
resolution of the illuminance meter and greater than 0,2 % of the maximum lux reading
from the first surface measured.

1.4.4.6 Calculations

The illuminance data are used to estimate the DUT’s luminous flux output. The six measured
sides have virtually enclosed the light source within a box. All the illuminance values over the
virtual surfaces will be integrated to calculate an estimate for luminous flux.

a) Estimate the luminous flux incident on the first measured surface: multiply the illuminance
values by the appropriate area each one represents (0,01 m2 for interior points, 0,005 m?2
for edge points, and 0,0025 m2 for corner points) to obtain the luminous flux (Im)
represented by each illuminance measurement.
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b) Sum the luminous flux measurements over the entire surface.
c) Repeat step a) to calculate the luminous flux for the remaining five sides.
d) Total the luminous flux estimates over all six sides to obtain an estimated constant-voltage

total luminous flux emitted from the DUT.

1.5 Correlated colour temperature (CCT) measurement

Measurement of correlated colour temperature shall be made in accordance with CIE 15:2004.

1.6 Colour rendering index (CRI) measurement

Measurement of colour rendering index (R,) shall be made in accordance with CfE 13.3 and
CIE N177.

1.7 Reporting

Repaort the following in the light output test report.

e Metadata:

- report name;

- procedure(s) used;

- DUT manufacturer;

- DUT name;

- DUT model number;

- DUT setting;

- testroom temperature (°C);

- name of test laboratory;

-{ approving person;

- date of report approval:

e Results for tested DUT aspects for samples 1 through n:
- drive current (A);

- drive voltage-(V);

— stabilisation time (min);

- total\constant-voltage luminous flux (Im);

- correlated colour temperature;

-1 ‘colour rnndpring index

e Average of n sample results for each DUT aspect tested.
o Coefficient of variation of n sample results for each DUT aspect tested (%).
e DUT’s rating for aspects tested, if available.

e Deviation of the average result from the DUT’s rating for each aspect tested, if
available (%).

e Comments:
— individual comments, as necessary, for samples 1 through n;

— overall comments, as necessary, for collective set of samples 1 through .
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Annex J
(normative)

Lumen maintenance test

Background

An important performance metric for LED lights is consistent luminous flux over the product’'s
lifetime. The lifetime of LEDs is strongly influenced by electrical operating conditions and
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hosphor used in white LEDs, component level chip design and LED packaging mate
processes, and the environmental stability of secondary optical components "in
Lict housing. Assuming that an overall lifetime of 5 years and a daily burn time’ (DB
re achieved, this results in a total operation time of 7 300 h.

nination of the lumen maintenance of LED light sources and products)is performed
term test of either the individual LED components or the entire \LED product.

A LM-80-08. Because of time constraints, however, it is¢'generally not practic
sure a complete LED lighting product over its entire expected tifespan. The test met
ribed in this module take two different approaches to estimating lumen maintenance.

ify and flag products that are found to suffer significant lumen depreciation. An i

foximately 12 weeks).
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bonents are sometimes tested by the LED manufacturer for a minimum of 6 000 h under

Bl to
hods

first approach monitors the DUT’s light output over-a'‘fixed period of operation in order to

nitial

bning method is described which monitors light_output for 500 h (approximately 3 wgeks)
vell as a longer term evaluation in whieh light output is monitored for 2 400 h

For fhe 2 000 h test, a Lgg = 2 000 h judgnent may be made at 1 000 h if all tested prqduct

sam
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hese products are very likely to have L, greater than 2 000 h.

ral of the tests used to evaluate solar LED products are relatively short-term,
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wee
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s), test samples should be dedicated to this test until the test is completed. In ¢

pe used for othepr'testing (e.g. battery durability testing).

ples maintain > 95 % lumen maintgnance (Lyg) for the entire 1 000 h. Testing has shown

thus

ing a single test sample' to be used on several different tests. Because the Iymen
malr':]tenance test requires-a“sample to be dedicated for such a long period of time (up fo 12

ases

e the battery is (ot required to conduct the lumen maintenance test, the DUT’s battery

second approach is an alternate method for estimating lumen maintenance that usgs an

IESNA LM-80-08 (LM-80) test report from the manufacturer of the LED component.|The
temperature of the LED(s) in the DUT are measured and compared to the LM-80 data for the
compenent LED(s) and an estimate is reported. The initial screening method monitoring|light
outpUtTfor500hisstittperformed; but o further tumenm maintemance tests—are Tequired: This
method therefore represents a faster assessment of a product’s lumen maintenance
performance.

J.2 Test outcomes

The

lumen maintenance test outcomes are listed in Table J.1.
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Table J.1 — Lumen maintenance test outcomes

Metric Reporting Related aspects Notes
units
Lumen maintenance | % 4.2.4.22000h The percentage of initial light output (time = 0 h) that
at 2 000 h lumen maintenance | the product generates at the end of the test
(time =2 000 h).
Lumen maintenance | % 4.2.4.22 000 h The percentage of initial light output (time = 0 h) that
at 1 000 h lumen maintenance | the product generates at the mid-point of the test

(time = 1 000 h); this may be used as a provisional
result at the discretion of stakeholders.

Lumen maintenance | % 4.2.4.1 500 h lumen | The percentage of initial light output (time = 0 h, after
at 5¢0h maimntenance the mitial 60 min warm-up period) that the produ
generates at the end of the test (time = 500 h):

J.3 Related tests

Annex J is not related to any of the other annexes.

J.4 Procedure

J.4.1 General

Similar to the full-battery run time test (Annex M), thé/lumen maintenance test requires an
accufrate measurement of relative light output over-time. Measurements shall be taken|in a
conditioned space such that the air temperature.ist22 °C + 5 °C. There are three apprpved
metHods for making these measurements:

e Hixed geometry method (J.4.4.1).
e Hhotometer box method (J.4.4.2).

ntegrating sphere method (J.4.4.3).

For PUTs with multiple identical-lighting appliances, it is only necessary to measure one of
each type of identical lightingwappliance; therefore, it is not necessary for all the product’s
IighrtAng appliances to be ruhning during the duration of the test. The lighting appliances shall
be measured individually, (i.e. one lighting appliance is placed inside the test enclosurg and
the qthers are powered\on but left outside the enclosure during the measurement).

EXAMPLE The DUT\includes three different types of lighting appliances (e.g. a tube light, four ambient light
pointy, and two moresfocused light points). In this case, three of the seven lighting appliances would be measured
during testing —+one of each lighting appliance type.

Interfuptions (e.g. due to power outages) are permitted as long as the cumulative time usg¢d to
establish-the 2 000 h, 1 000 h, or 500 h lumen maintenance levels represents the actual run
tlme ON Hrre c ) AW N a—0O i"i'; " TS—S O T0 cOoUT O the
2 000 h, 1000 h, or 500 h run time. When returning power to the DUT after an interruption, a
20 min warm-up period shall be observed before restarting the cumulative time.

. e 5 e VARLY, c uvwdrlu

Two tests are defined: a full lumen maintenance characterization in which DUTs are tested for
2 000 h and an initial screening test in which DUTs are tested for 500 h. The measurement
schedule for the full screening test is given in Table J.2, and the schedule for the initial
screening test is given in Table J.3. In the tables, values with no tolerances represent the
maximum allowed intervals between measurements; more frequent measurements are
acceptable. Measurements with tolerances shall be made at the time indicated.
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Table J.2 — Measurement schedule for full screening test

Measurement number Time interval Cumulative time

h h

1 1h £ 5 min 0

2 24 24

3 48 72

4 48 120

5 48 168

6 48 216

7 168 384

8 168 552

9 168 720

10 168 888

11 112 1 000"024

12 224 1224

13 168 1392

14 168 1560

15 168 1728

16 168 1896

17 104 2000"024

Table J.3 — Measurement schedule for initial screening test

Measurement number Time interval Cumulative time

h h

1 1 h +5min 0

2 24 24

3 48 72

4 48 120

5 48 168

6 48 216

7 168 384

8 116 500‘&)“'

J.4.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

e DC power supply.

e DC voltmeter or multimeter.

e DC ammeter, or current shunt and voltmeter/multimeter.

¢ llluminance meter (unless using an integrating sphere system).

o Fixed-geometry apparatus, photometer box, or integrating sphere system.
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Since the current-sensing element is left in place for the duration of the test, it is generally
most convenient to use a current-sensing resistor (current shunt) for each DUT. The voltage
across the resistor can be measured with a multimeter when each measurement is taken.

J.4.

The

J.4.
J.4.
J.4.

The
pho

3 Test prerequisites

DUT shall have been prepared as described in Annex G.

4 Test methods

4.1 Fixed geometry method

411 Apparatus

apparatus for the method is simply any dedicated space in which the DUIF and the
tbmeter are secured so they do not move relative to one another during testing and so no

outside light is received. This could be a dedicated area in a "dark room* in which the

pho

J.4.

The

J.4.
J.4.

The
test

J.4.
The

a)

b)
c)

d)

e)

F
g
€
(p.g. ambient light, light from other test samples, etc.) is able to reach the light senson.
F
f

tpbsensor and DUT are secured, or other similar setup.

4.1.2 Procedure
following steps shall be followed.

Supply power to the lighting appliance according to 4.1, except that the standard
dperating voltage (H.5.2) shall be used in place of theytypical battery discharge voliage,
gnd a fixed stabilization period of 60 min £ 5 min shall be used.

lace the DUT and the illuminance meter in fixéd 1ocations relative to one another for the
uration of the test. Ensure that the DUT and the photometer are secured such|that
xactly the same alignment is maintained for’ each measurement and that no stray|light

efer to Table J.2 (full screening test)\or Table J.3 (initial screening test) for the minimum
equency at which the relative illuminance of the DUT, ambient temperature, DUT voltage,

and current are measured and recorded. The voltage measurement shall be madg as
close to the DUT as possiblexA data logger or a lux meter with a data-logging funftion

nmay be used to record the illuminance, or the measurements may be taken manually.
4.2 Photometer box_method
421 Apparatus

apparatus for the method is a photometer box, as described in the full-battery run|time
Annex M).

4.2.2 Procedure

following steps shall be followed.

Supply power to the lighting appliance according to 1.4.1, except that the standard
operating voltage (H.5.2) shall be used in place of the typical battery discharge voltage,
and a fixed stabilization period of 60 min £ 5 min shall be used.

The relative illuminance is measured using the photometer box.

The location of the DUT in the photometer box shall be accurately noted to ensure exact
replication of alignment and orientation for each measurement. A printed photograph of
the DUT placement within the box is a useful reference. Alignment marks may also be
used to ensure repeatability.

For the following measurements, the DUT shall be placed in the photometer box with
exactly the same alignment and orientation.

Refer to Table J.2 (full screening test) or Table J.3 (initial screening test) for the minimum
frequency at which the relative illuminance of the DUT, ambient temperature, DUT voltage,
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and current are measured and recorded. The voltage measurement shall be made as
close to the DUT as possible. In the case that the DUT remains in the box throughout the
duration of the test, a data logger or a lux meter with a data-logging function may be used
to record the illuminance, or the measurements may be taken manually.

J.4.4.3 Integrating sphere method
The following steps shall be followed.
a) Supply power to the lighting appliance according to 1.4.1, except that the standard

operating voltage (H.5.2) shall be used in place of the typical battery discharge voltage,
and a fixed stabilization period of 60 min + 5 min shall be used

b)
c)

he luminous flux is measured using an integrating sphere system.

efer to Table J.2 (full screening test) or Table J.3 (initial screening test) for the'minimum
requency at which the luminous flux of the DUT, ambient temperature, DUTvoltage| and
urrent are measured and recorded. The voltage measurement shall be made as close to
ne DUT as possible.

0 —hpg

J.5 | Calculations

Lumen maintenance is calculated by dividing the final light output'reading by the initial|light
outplt reading and is expressed as a percentage. Lumen maintenance is always repo¢rted
along with the test duration.

The lumen maintenance percentage may be calculated\by linearly interpolating between the
two measurements that bracket the target time (e.g{2*000 h, 1 000 h, or 500 h), provided that
the measurement schedule in Table J.2 or Table:xJ.3 is followed. If the measurement is made
withip 8 h of the target time, the measured value'may be reported without correction.

J.6 | Alternate method for testing lumen maintenance using IESNA LM-80-08

J.6.1 Background

The |lumen maintenance of an ,LED or LED array contained in a lighting product cah be
estimated by measuring the(LED case temperature(s) (7). This measurement is compared to
IESNA LM-80-08 data (minimum 6 000 h) from the LED manufacturer to estimate the DUT’s
lumegn maintenance at 2.000 h.

The |LED case temperature (7c) measurement location, also sometimes referred to ag the
LED [temperature-measurement point (TMP), is established by the LED manufacturer. s is
relatpd to thétemperature of the LED die and is measured by attaching a thermocouple as
closg to the=LED component as possible on a printed circuit board pad adjacent to the LED.
This| measurement location may be one of the LED lead pads or may be a separate,
elecfrically neutral pad on the printed circuit board configured as a heat sink for the LED| The
LED manufacturer will have information on the correct TMP for the LED that was used during
the LM-80-08 tests. The DUT manufacturer shall provide a TMP for the LEDs in the product
that matches the 7, measurement location used for the LM-80 tests. This is often done by
using the same printed circuit board pad configuration that was used for the LM-80 tests in
the design of the DUT.

This LED temperature procedure tests the instantaneous LED temperature during normal
operation to make an LED lumen maintenance assessment. It does not test longer duration
operation of the LED or LED drive circuitry. To assess the ability of the DUT electronics to
drive the LED(s) over a longer time period, a 500 h initial screening test shall also be
performed as described in J.4.1.
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J.6.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

o T

hermocouple meter and thermocouple

e DC ammeter or multimeter

e DC power supply

NOTE For thermocouples, ammeter, and power supply, Table CC.2 includes requirements and recommendations
specific to Clause J.6.

e D

C voltmeter or multimeter

(0)]

L

[ ]
Sma

read
the &g

Equi

J.6.3
This

oldering apparatus or thermally conductive adhesive/epoxy
Vhite tape or heat-shrink tubing
| gauge type T thermocouples (wire diameter < 0,13 mm) are recommended and can be

ly soldered to copper circuit board pads. Other thermocouples are acceptable but require
ppropriate soldering flux and can be difficult to solder.

bment requirements for the 500 h test, performed in J.6.4 h), areygiven in J.4.2.

Test prerequisites
test shall not be performed unless all of the following(criteria are met.

he DUT manufacturer has supplied the DUT LED component specification(s), inclyding

—

laboratory performing the LM-80 test:shall be accredited to do this type of testing.

than the DUT’s LED casé temperature and drive current.

Addifional reguirements may be stated in the product specification.

J.6.

e complete component number and the LED specification document from the |LED
anufacturer.

he DUT manufacturer has supplied IESNA LM-80-08 (LM-80) test data for the LED(s)
sed in the lighting product. LM-80 testing is typically done by the LED manufacturer| The

he DUT manufacturer has supplied an LED RMS drive current measurement a{ the
roduct’s highest light setting.

he LM-80 test data includes*an LED case temperature (I¢) and LED drive current higher

he DUT is designed.in such a way as to allow temperature measurement of the LED T
s specified by the"LED manufacturer.

he DUT manufacturer has provided instructions and diagrams showing the appropriate
tachment, point for thermocouples used during the test.

Procedure

Perform the following procedure.

a) Review documentation supplied by the DUT manufacturer to confirm that the DUT
qualifies for testing using this method.

b) Prepare the DUT for LED testing as outlined in J.6.5 below.

c) Attach thermocouples to one or more LED(s) as outlined in J.6.5 below.

d) Reassemble the product and orient in its normal operating position. The DUT shall be
operated in a 22 °C £ 5 °C still air environment free from drafts, fans, and other air
currents that could produce forced air convective currents and contribute to the cooling of
the product.

e) Supply power to the lighting appliance according to 1.4.1, except that the standard
operating voltage (H.5.2) shall be used in place of the typical battery discharge voltage.
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f) Allow the product to thermally stabilize for a minimum of 1 h. The LED case temperatures
should be monitored to confirm thermal stabilization.

g) Record the LED case temperature (7).

h) Prepare the DUT for initial screening and perform a 500 h test as described in J.4.1. Only
two measurements are required: one at the end of the stabilization period (60 min + 5 min),
+024 h (

and a final measurement at 500 not including the stabilization time).

J.6.5 DUT preparation and LED thermocouple attachment guidelines

The LED(s) in the DUT shall be accessed to allow the attachment of thermocouple wires.
Wheph opening the DUT optical housing to access the LED(s), the normal operating
envijonment shall be preserved to the maximum degree possible. Holes drilled|into
compartments should be as small as possible and covered with tape to prevent additional air
movement during operation. The T location of the LED(s) shall be accessible to allow
thermocouple attachment without disturbing the normal operation of the array.

A thermocouple shall be attached to an LED’s temperature measurement point by solderifg or
gluing using a thermally conductive adhesive/epoxy. The attachmentimethod shall ensure
adedquate thermal contact between the thermocouple and the-IMP. The thermocquple
attaghment, including any additional solder or epoxy, shall be as”“small as possible to prgvent
an agdditional heat conduction pathway that could artificially contribute to the heat sinkimg of
the LED component. LED(s) with large thermal pads or heat<sinks can require preheating to
facilitate soldering the thermocouple to the TMP or T measurement location.

Therfmocouple wire should be routed away from _direct illumination by the LED(s) amd/or
shodld be shielded from direct light to prevent artificial heating of the wire. This can uspually
be apcomplished with white tape or white heat-shfink tubing. Tape or tubing should not dover
the UED in a way that could increase the self-heating of the LED component.

Wheh testing a DUT with multiple LEDs.io» an LED array, the test lab shall attempt to identify
the LED in the array that will experience-the highest temperature in operation. In practice| this
is offen an LED located in the centre of the array. Measurements on multiple LEDs in an array
may [be warranted to adequately jdentify the T, value used for an LM-80 assessment.

J.6.6 Calculations

The |LM-80 test report-for the DUT LED will contain lumen maintenance data for |LED
tempgerature measurements at 55 °C, 85 °C, and one additional temperature chosen by the
LED|manufacturer."Fhese measurements are performed for a minimum duration of 6 00 h
and will therefore-contain test data at 2 000 h.

product.,The test lab shall use the nearest LM-80 data point above the duration (> 2 000 h),
DUT|Tsv and LED drive current.

The fest labsshall compare the LM-80 data and 7 to estimate the lumen maintenance %Ythe

EXAMPLE If the DUT T is measured at 65 °C, LM-80 data at 85 °C (or greater than 65 °C when available) would
be used. If the DUT LED drive current is 65 mA, the LM-80 data would be at drive currents greater than 65 mA.

The test lab shall report the lumen maintenance of the DUT as the lumen maintenance

measured by the nearest (higher conditions for T and drive current) LM-80 test data as
specified above.

J.7 Reporting

Report the following in the lumen maintenance test report.

e Metadata:
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— report name;

— procedure(s) used;

— DUT manufacturer;

— DUT name;

— DUT model number;

— DUT setting;

— testroom temperature (°C);
— name of test laboratory;

- approving person;

- date of report approval.

e HResults for tested DUT aspects for samples 1 through n:

- drive current (A);

— drive voltage (V);

- stabilisation time (min);

— lumen maintenance (note if at 500 h, 1 000 h, or 2 000 h) (%;

-{ if applicable, LED case temperature (7).

verage of n sample results for each lumen maintenance"DUT aspect tested.

oefficient of variation of n sample results for each Jumen maintenance DUT aspect tgsted
0).
UT’s rating for lumen maintenance aspects tested, if available.

eviation of the average result from the DUT's rating for each lumen maintenance agpect
@sted, if available (%).

a0 O -0 >

¢ (Jomments:

individual comments, as necessary, for samples 1 through #;

overall comments, as necessary, for collective set of samples 1 through ».

e Higures:

plot of lumen maintenahce (see example in Figure J.1).

e [atasets:

table with aft Miluminance or flux, ambient temperature, DUT voltage, and cufrent
measurements.
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Figure J.1 — Example lumen maintenance plot



https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

IEC TS 62257-9-5:2018 © IEC 2018

K.1

Background
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Annex K
(normative)

Battery test

The battery test is used to determine the DUT’s actual battery capacity and round-trip energy

efficiency. This information is useful to determine

Duri

The

Test outcomes

Table K.1 — Battery test outcomes

O—¢a el

est outcomes of the battery test are listed in Table K.1.

if a battery is mislabelled or damaged.
, \/ © & v “‘.“ ,‘-‘ viw OFF RS rge-
arge cycles on the battery. The last charge-discharge cycle data from the battery-te

analysed to determine the actual battery capacity and battery round-trip energy efficiency

st is

Metric

Reporting units

Related aspects

Note

Battgry capacity
(Cp)

Ampere-hours (Ah) at
a specific discharge
current

4.2.5.1 Battery
capacity

Battgry round-trip

Percentage (%)

4.2.5.2 Battery.

At least two complete charge-discha

rge

energy efficiency round-trip energy
(1) efficiency.

cycles are required for the calculation.

K.3 | Related tests

The pattery test results are inputs'to the full-discharge preparation procedure (Annex N)|, the
solaff charge test (Annex R),-the battery durability test (Annex BB), and the energy sefvice
calcylations (Annex GG).

K.4| Procedure
K.4. General
Tablg K.2_'eontains battery testing information specific to the five common types ((i.e.,

(i.e.
chenpistries) of batteries. This information is pertinent to K.4.2.4, K.4.3.4, K.4.4.4, and K.4.5.4.

New or improved battery technologies could emerge for which Table K.2 does not contain
information. The test lab should sufficiently research the new or improved battery technology
to determine appropriate recommended battery practices for that new or improved battery
technology. Communication directly with the supplier of the battery is recommended. For
example, if the battery under test is a lithium battery but is not the lithium ion (3,7 V nominal
voltage) or lithium iron phosphate chemistry, alternative charging and discharging rates and
end-of-cycle voltage parameters should be obtained, preferably from the battery supplier.

In this document, I; A is defined as the current obtained by dividing the nominal capacity of
the battery in Ah by one hour; this definition is consistent with IEC 61960-3:2017 and
IEC 61951-2:2017.
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Table K.2 —- Recommended battery testing parameters

Battery type Charging Discharging
Charge Maximum End-of- End-of- Discharge End-of-
rate charge charge/ charge time rate discharge
voltage topping with constant voltage
I A Vicell® charge rate voltageP I A Vicell
I A
h
Lead-acid 0,1 2,40 0,05 10 0,1 1,80
Lithium-ion 0,2 4,20 0,05 1 0,2 3,00
Lithipm iron 0,2 3,60 0,01 1 0,2 2450
phogphate
Battery type Charging Discharging
Charge rate Overcharge Partial charge Discharge rate End-of-discharge
(charge duration® voltage
I A factor) h LA Vicell
Nickel-metal
hydrjde 0.1 1.6 9 0,2 1,00

fFor safety, never exceed the battery supplier's specified maximum allowable voltage.

After a battery is charged to a specified voltage, it may be topped‘off using the recommended end-of-chgrge/
tbpping charge rate, or alternatively the battery may be toppéd off by supplying a constant voltage [(the
rmhaximum charge voltage) over the recommended end-or-charge time.

This value is used for measuring the battery efficiency only.

If cell balancing or individual cell monitoring circuitry is external to the battery, or a bdttery
protection circuit other than the one ingcorporated into the DUT is used during the procedure,

the

Isable capacity of the battery may differ when measured without the DUT’s cirquitry

included or with cell monitoring cinCuitry supplied by the laboratory. In cases where the| test
results are disputed for this«redson, the battery capacity may also be evaluated by
disagsembling the battery packiand performing the test on a single cell (or parallel cellblpck).

The

positions of the cells ‘or)cellblocks to test should be selected randomly in a way| that

maximizes coverage. The capacity of the entire pack may be assumed to be equal tq the

cap

city of the selected~cell or parallel cellblock. If the battery under test is to be usef for

further testing, all cells’ of the battery shall be returned to a balanced state of charge pripr to
further testing, e.g. by fully discharging or charging the cells under test to match the state of

charge of the other cells in the pack.

K.4. L“ead-acid battery test
K.4.2.1 General

The
the
and

DUT’s valve-regulated or flooded lead-acid battery is cycled on a battery analyser, and
data from the final charge-discharge cycle is used to determine the actual battery capacity
round-trip energy efficiency.

If the DUT is a flooded lead-acid battery that was shipped dry, add acid according to the
following directions:

a)

b)

Fill the battery with battery acid. The correct volume and density shall be determined from
either the manufacturer-supplied information or the battery packaging. If the values from
these two sources conflict, consult the manufacturer.

Measure the voltage and density immediately after filling the battery, and again 30 min
after filling.
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c)

d)

If after 30 min, the voltage is greater than 2,0 V/cell, continue with the battery test
procedure (K.4.2.4).

If after 30 min the voltage is less than 2,0 V/cell, the density has dropped, and the battery
temperature has increased, then the negative electrode (Pb) is likely oxidized. If the
negative electrode is oxidized, remove the oxidation by overcharging using a 24 h |U
charge (a constant current charge followed by a float charge held at a constant voltage
with a total duration of 24 h). A charge rate of 0,1 I; A (calculated using the battery’s rated
capacity) shall be used for the | phase (constant-current), and a voltage of 2,45 V shall be
used for the U phase (float charge). The relatively high voltage and duration of this charge
can cause the battery to produce hydrogen and oxygen, a combustible gas mixture.
Conduct this procedure outdoors or in a well-ventilated room.

If, after 30 min, the battery voltage is less than 2,0 V/cell, but the density has not dropszd or

the

mperature has not risen, the battery could have defects that cannot be addressed by

overgharging. Attempt the overcharging procedure, but note that the battery.'Conditions

indi
K.4.2.2 Equipment requirements

A battery analyser meeting the requirements in Table CC.2 is required.

te possible defects.

A DC power supply is needed in some cases, depending on thé battery tested and the bdttery

analyser in use.

K.4.2.3 Test prerequisites

The |pattery may be taken out of the DUT for this tést, if desired. The DUT shall have peen

preppred as described in Annex G. The test shall‘be carried out at 22 °C £ 5 °C.

K.4.2.4 Procedure

Perform the capacity test from IEC 61427-1:2013, 8.1 (which references IEC 61056-1),|with

the fpllowing modifications.

Herform a minimum of five- charge-discharge cycles to ensure that the batteqy is
sjufficiently exercised prior:to determining capacity and to ensure that enough datg are
ailable to calculate round-trip energy efficiency. Use the final charge-discharge cydle to
Iculate the battery’s.actual capacity and round-trip energy efficiency.

arry out the test'at 22 °C + 5 K.

he battery shall be kept at open circuit for 1 h to 24 h after charging before starting pach
ischarge.{lt-is not necessary to wait 5 h as required by IEC 60156-1.)

quipment'need not meet the accuracy requirements of IEC 61427-1:2013 or IEC 61056-1,
rovided that it meets the requirements of Table CC.2.

ecord the current at an interval of 1 min or less

The capacity test from IEC 61056-1, as referenced by IEC 61427-1:2013, may be used for
flooded lead-acid batteries; it is not necessary to use the test from IEC 60896-11.

If the battery contains internal circuitry (refer to F.4.3.5) and either the battery analyser will
not start the test or the tester decides that the results from the test are unexpected or faulty in
some way, the test may be repeated with the battery analyser connected on the battery side
of the internal circuitry, if the test laboratory determines that it is safe to do so.

If the battery will be stored after undergoing this test, charge the battery using the charge
information in Table K.2 and disconnect the battery from the DUT. Charge the battery every
six months, or every three months if stored at a temperature greater than 30 °C.

If the battery analyser does not recognize the battery upon starting any of the above steps,
the battery voltage could have dropped below the battery analyser’s minimum threshold. If
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this is the case, a power supply shall be used to charge the battery in accordance with
IEC 61427-1:2013 before the battery capacity is determined. Alternatively, the battery may be
connected back into the DUT to receive a charge via solar or other means according to the
product user’s manual.

K.4.2.5 Calculations

Perform the following calculations.

a) Determine the total energy input into the battery during the final charge cycle (E.) using

b)

c)

d)

e)

the following formula:

Eg =) (Vo1g-Ar)

here
. is the energy entering the battery during the charge cycle, in watt-hours,(Wh),

. is the voltage recorded during the charge cycle, in volts (V);
is the current recorded during the charge cycle, in amperes (A);
t is the time interval between measurements, in hours (h).

etermine the total energy output from the battery during thé\final discharge cycle U

ne following formula:
Ey :Z(Vd'Id'At)

ol s B> B~ B © - B

here

4 is the battery’s energy output during the disCharge cycle, in watt-hours (Wh);
4 is the voltage recorded during the discharge cycle, in volts (V);

is the current recorded during the diséharge cycle, in amperes (A);

t is the time interval between measurements, in hours (h).

etermine the battery capacity with~data from the final discharge cycle using the follg

brmula:
C:Z(Id-At)

o0 >~ < o<

here
is the measured battery capacity, in ampere-hours (Ah);

t is the time interval between measurements, in hours (h).

or lead:acid batteries only, correct the capacity to the reference temperature of 2

W
d
Iy is the curréent recorded during the discharge cycle, in amperes (A);
A
F
usingAhe following formula (from IEC 60896-21), with 1 set to 0,006 K-1:

sing

wing

¢, =/l alr—25°C))
7 W Vil

where

Ca

C is the measured battery capacity, in amperes (A);

. is 0,006 K-1;

T is the battery temperature at the start of the final discharge cycle, in degrees Ce
(°C).

Determine the battery round-trip energy efficiency using the following formula:

E
_d

”b_E
c

is the actual battery capacity, in ampere-hours (Ah);

Isius


https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

IEC TS 62257-9-5:2018 © IEC 2018 - 137 -

where

n, is the battery’s round-trip energy efficiency;

E4 is the battery’s energy output during the final discharge cycle, in watt-hours (Wh);
E. is the energy input to the battery during the final charge cycle, in watt-hours (Wh).

Report the actual capacity (i.e. the value that has been corrected to 25 °C).

K.4.3 Nickel-metal hydride battery test
K.4.3.1 General

The DUT’s nickel-metal hydride battery is cycled on a battery analyser, and the data from the
final| charge-discharge cycle is used to determine the actual battery capacity and bdttery
rounf-trip energy efficiency.

The |nickel-metal hydride battery test procedure refers to the overcharge”charging method,
whereby the battery is charged at constant current for a fixed duration given by the following
formpla:

G
I.=0Cc-- b
IC
wheile
T, |s the duration of the charge cycle, in hours (h);

OC |s the overcharge (charge factor) value givenyin Table K.2;
Cp |s the measured or rated battery capacity,.inrampere-hours (Ah);
1

c |s the charge current, in amperes (A).

K.4.3.2 Equipment requirements

A battery analyser meeting the requifements in Table CC.2 is required.

K.4.3.3 Test prerequisites

The |pattery may be taken out of the DUT for this test, if desired. The DUT shall have peen
preppred as described in Annex G. The test shall be carried out at 22 °C + 5 °C. As spegified
in IEC 61951-2:2017/the test shall be carried out at a relative humidity of 65 % + 20 %.

K.4.3.4 Procedure

Perform (the capacity test from IEC 61951-2:2017, 7.3.2, using the charging and dischafging
paramefers given in Table K.2, with the following modifications.

e Perform a minimum of five charge-discharge cycles to ensure that the battery is
sufficiently exercised prior to determining capacity. Use the final charge-discharge cycle to
calculate the battery’s actual capacity.

e Record the current at an interval of 1 min or less.
Measure the round-trip energy efficiency using the following procedure:

a) Charge the battery at constant current for a fixed duration, using the charge rate and
partial charge duration given in Table K.2. After charging, the battery shall be stored in an
ambient temperature of 22 °C + 5 °C for not less than 1 h and not more than 24 h.

b) Discharge the battery using the discharge information in Table K.2.

c) Repeat steps a) and b) once more. Calculate the battery storage efficiency according to
K.4.2.5 using the data from this final charge-discharge cycle.
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If the battery contains internal circuitry (refer to F.4.3.5) and either the battery analyser will
not start the test or the tester decides that the results from the test are unexpected or faulty in
some way, the test may be repeated with the battery analyser connected on the battery side
of the internal circuitry, if the test laboratory determines that it is safe to do so.

If the battery analyser does not recognize the battery upon starting any of the above steps,
the battery output could have dropped to 0 V. If this is the case, a constant-current charge as
specified in Table K.2 of Annex K from a power supply may be used to bring the battery out of
a 0 V state of charge before the battery capacity is determined. Alternatively, the battery may
be connected back into the DUT to receive a charge via solar or other means according to the
product user’s manual.

Nickel-based batteries need not be charged prior to storage; however, batteries should be
discgnnected from the DUT prior to long-term storage to avoid polarity reversal()lt’is pften
convienient to end the battery test with a charge to allow for further testing.

K.4.3.5 Calculations

Perform the calculations listed in K.4.2.5, omitting step d). Use the pattial charge-discharge
cyclgs conducted in K.4.3.4 a) through c) in the calculation of round=trip energy efficiency

K.4. Lithium-ion battery test

K.4.4.1 General

The |IDUT’s lithium-ion battery is cycled on a battery yanalyser, and the data from the [final
charge-discharge cycle is used to determine the actdal battery capacity and battery round-trip
enerpy efficiency.

K.4.4.2 Equipment requirements

A baftery analyser meeting the requiremients in Table CC.2 is required.

For battery packs containing morée-than one cell in series, a protection circuit that morjitors
the yoltage of each cell (or each set of cells connected in parallel) should be used duyring
charging, if this functionality is* not incorporated into the battery pack. This functionality|may
be bpilt into the battery analyser or may be a separate piece of equipment. The voltage of
each individual cell (or.each set of cells connected in parallel) should not be allowgd to
exceled the maximum( battery testing voltage given in Table L.2 unless manufacturer-provided
battgry specifications)indicate that such operation can be performed safely. The temperature
of eqch individual\cell should not be allowed to exceed 45 °C. Care should be taken that any
voltage drop introduced by the protection circuit (e.g. relay contact resistance) does not dffect
the results.

K.4.4:3 Test prerequisites

The battery may be taken out of the DUT for this test, if desired. The DUT shall have been
prepared as described in Annex G. The test shall be carried out at 22 °C + 5 °C. As specified
in IEC 61960-3:2017, the test shall be carried out in still air. Batteries with multiple cells (or
parallel cellblocks) in series shall be prepared according to G.4.4 a).

K.4.4.4 Procedure
Perform the capacity test from IEC 61960-3:2017, 7.3.1, with the following modifications.

e Perform a minimum of five charge-discharge cycles to ensure that the battery is
sufficiently exercised prior to determining capacity and to ensure that enough data are
available to calculate round-trip energy efficiency. Use the final charge-discharge cycle to
calculate the battery’s actual capacity and round-trip energy efficiency.
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e Charge and discharge the battery using the information in Table K.2 — calculated using the
battery’s rated capacity.

e Record the current at an interval of 1 min or less.

If the battery contains internal circuitry (refer to F.4.3.5) and either the battery analyser will
not start the test or the tester decides that the results from the test are unexpected or faulty in
some way, the test may be repeated with the battery analyser connected on the battery side
of the internal circuitry, if the test laboratory determines that it is safe to do so.

If the battery will be stored after undergoing this test, charge the battery using the charge rate
specified in Tahle K2 for 2 5 h (i e _stare at 50 % state of r‘hqrgp) and disconnect the b ttery

from|the DUT.

If thx battery analyser does not recognize the battery upon starting any of the_ above steps,
the battery could have been disconnected by its internal protection circuit. In this case| the
voltage at the battery terminals will be zero, which can prevent the battery~“analyser [from
recognizing the battery. In this situation, a current-limited constant-valtage charge, |at a
currgnt no higher than that specified in Table K.2 of Annex K from aspower supply maly be
requlred to re-enable the battery before the battery capacity is deterrrined. If the cell voltage
has Hecreased below 2,5V for lithium iron phosphate or 3,0 V for-other lithium-ion, penform
the gharge at 0,1 I; A. The voltage shall not exceed the value:given in Table K.2. (It is
recommended to set the power supply to the lowest possible yoltage that will allow the battery
analyser to recognize the battery and complete the chargée eycle. Alternatively, the bdttery
may |be connected back into the DUT to receive a chargervia solar or other means accofding
to the product user’'s manual. If the battery is suspec€ted to be damaged, it should nqgt be
charged using either method. It can be necessary to\bypass the battery’s internal proteftion
circuit to perform this step; in this case, the cell voltage should be measured prior to chafging
the hattery to ensure that it has not dropped below the minimum battery testing voltage given
in Table L.1. If the battery voltage has dropped below the minimum battery testing vol{age,
charging the battery can be unsafe; the test-laboratory should discontinue the test if in the
testdr’s discretion it would be unsafe to continue.

K.4.4.5 Calculations

Perform the calculations listed intK.4.2.5, omitting step d).

Lithium iron phosphate battery test
A General

The DUT’s lithiumyiron phosphate battery is cycled on a battery analyser, and the data [from
the final charge=discharge cycle is used to determine the actual battery capacity and battery

A battery analyser meeting the requirements in Table CC.2 is required.

For battery packs containing more than one cell in series, a protection circuit that monitors
the voltage of each cell (or each set of cells connected in parallel) should be used during
charging, if this functionality is not incorporated into the battery pack. This functionality may
be built into the battery analyser or may be a separate piece of equipment. The voltage of
each individual cell (or each set of cells connected in parallel) should not be allowed to
exceed the maximum battery testing voltage given in Table L.2 unless manufacturer-provided
battery specifications indicate that such operation can be performed safely. The temperature
of each individual cell should not be allowed to exceed 45 °C. Care should be taken that any
voltage drop introduced by the protection circuit (e.g. relay contact resistance) does not affect
the results.
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K.4.5.3 Test prerequisites

The battery may be taken out of the DUT for this test, if desired. The DUT shall have been
prepared as described in Annex G. The test shall be carried out at 22 °C £ 5 °C. As specified
in IEC 61960-3:2017, the test shall be carried out in still air.

K.4.5.4 Procedure

Follow the procedure in K.4.4.4.

K.4.5.5 Calculations

Perfter the same calculations listed in K.4.2.5.

K.5

Reporting

Report the following in the battery test report.

N

Q 9O 0O o o > |

letadata:
report name
procedure(s) used
DUT manufacturer
DUT name
DUT model number
name of test laboratory
approving person
date of report approval
esults for tested DUT aspects for.sa@mples 1 through n:
battery capacity (Ah) and cofresponding discharge current (in terms of I, A);
battery round-trip energy-efficiency (%).
verage of n sample results for each DUT aspect tested.
oefficient of variation. of n sample results for each DUT aspect tested (%).
UT’s rating forsaspects tested, if available.

eviation of.the average result from the DUT’s rating for each aspect teste
vailable (%)-

omments:
individual comments, as necessary, for samples 1 through #;

I 4 £ T 4 . 4 ! 4 41 L
uveTlallt CUITITITETItS, d5 TICLESSdly, TUTN LUTICULUVE STU UT SAallTpIics T Uimuuyir 77.
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Annex L
(informative)

Battery testing recommended practices

L.1 Background

Several tests in this document involve charging or discharging a battery:

a¥a ho ala) on ) o hah ) a AW aYaWal hao L) a o o a¥a a

or discharged to determine if the DUT has appropr}ate deep discharge protectian

e [During the grid charge test (Annex O), solar charge test (Annex R), and electromechahical

the appliance full-battery run time test (Clause FF.9), if performed, the appliance’s
imternal battery is discharged.

the preparation for the appliance operating voltage range test (Clause FF.§) or
easurement of steady-state port characteristics (EE.4/2), each appliance’s intgrnal
attery, if present, is charged and discharged.

b

In spme cases, it is not known whether the DUT provides sufficient protection to avoid
damage to the battery or test apparatus or injury(to test laboratory personnel. Annex L
provldes recommended charging and discharging ‘practices to prevent damage to the DUT
and ensure safety of test personnel.

A varliety of battery chemistry types are used“in products meeting the scope of this document,
poteptially including types that were naf ih common use at the date of publication.| The
information in Table L.1 and Table L.27js intended to prevent damage to the DUT and| test
appdratus and ensure safety of test personnel for most common battery types. When posfible,
battgry specifications should be obtained from the battery manufacturer to evaluate whe¢ther
the protection strategy used by the DUT is appropriate for the specific battery used.

L.2 | Deep discharge protection specifications by battery type

Table L.1 contains(recommended battery deep discharge protection voltages and minimum
battgry voltages.for-four common types (i.e. chemistries) of batteries. If the product or bgttery
manyfacturer_has not provided an appropriate deep discharge protection voltage cutoff dgsign
valug for the battery in the manufacturer self-reported information (Annex D), the information
in Table~L\T" may be used when determining if the DUT has appropriate deep discharge
protgction

Table L.1 contains two voltage values for each battery type. The "recommended deep
discharge protection voltage" is the recommended setpoint for the DUT’s deep discharge
protection (low voltage disconnect). The tolerance given is intended to account for
measurement uncertainty both in the DUT and in the laboratory apparatus. The "minimum
battery testing voltage" is intended to ensure laboratory personnel safety and prevent
immediate, permanent damage to the battery. The test laboratory should immediately stop
charging a battery if the battery voltage reaches the minimum testing voltage.

If the DUT does not have appropriate deep discharge protection, the battery can be damaged
during the full-battery run time and the charge controller behaviour tests. As an option, the
tester may incorporate a low-voltage disconnect device that will stop the discharge when the
battery reaches the minimum battery testing voltage specified in Table L.1.
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Table L.1 - Recommended battery deep discharge protection voltage specifications

Battery type Deep discharge protection voltage Minimum battery
testing voltage
V/cell
. - V/cell
Recommended Minimum Maximum
Lead-acid > 1,87 1,82 -- none
Lithium-ion > 3,00 2,95 -- 2,50
Lithium iron phosphate > 2,50 2,45 - 2,00
Nickel-metal hydride =1,00 0,952 1,10 b 0,802
28 These limits for NiMH batteries only apply to batteries with multiple cells in series. There is no petsgnnel
dafety risk from discharging batteries below this limit, but there is a risk of polarity reversal, which.can Cause

b
§

ifreversible damage to the battery. There is no lower voltage limit for single-cell NiMH batteries.

he intent of this upper limit is to prevent reversible capacity loss due to voltage depression (
ffect") resulting from partial discharge.

meinory

L.3

Tabl
battg
battg
prote
man

when determining if the DUT has appropriate overcharge protection. The maximum

temq

Tabl
prote
(ove
unce
voltg
dam
battg

Overcharge protection specifications by battery type

b L.2 contains recommended battery overcharge proteCtion voltages and maxi
ry voltages and cell temperatures specific to four common types (i.e., chemistrie
ries. If the product or battery manufacturer has not provided an appropriate overch
ction voltage cutoff or maximum cell temperature design value for the battery in
ifacturer self-reported information (Annex D), theninformation in Table L.2 may be

erature should not be exceeded at any time when the battery is being charged.

e L.2 contains two voltage values for each battery type. The "recommended overch
ction voltage" is the recommended “setpoint for the DUT’s overcharge prote
'voltage protection). The tolerance® given is intended to account for measure
rtainty both in the DUT and in the laboratory apparatus. The "maximum battery te
ge" is intended to ensure laberatory personnel safety and prevent immediate, permg

ry voltage reaches the maximum testing voltage.

Table L.2 ='Recommended battery overcharge protection voltage
and temperature specifications

mum
5) of
arge
the
used
cell

arge
ction
ment
sting
nent

hge to the battery. The testllaboratory should immediately stop charging a battery if the

Battery type Overcharge protection voltage Maximum Maximym
battery testing chargiFg
Vicell voltage temperature

Recommended Minimum Maximum V/cell °C
Lead-aeid =2,40 2,35 2,45 2,60 45
Lithium-ion < 4,20 -- 4,25 4,26 45
Lithium iron phosphate < 3,65 - 3,70 3,85 45
Nickel-metal hydride <1,45 -- 1,50 1,51 60
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Annex M
(normative)

Full-battery run time test

M.1 Background

The full-battery run time captures one of the key system-performance metrics from a user’s
perspective. It combines the relationship between battery capacity, circuit efficiency, and
||ght QR A o Ao oo aca aalatia cnaratiaa oc o d H TP

A stand-alone renewable energy product can often power several appliances, some_of which
may|have variable power settings. Full-battery run time depends on which applianceq are
runnjng and at what power settings. The full-battery run time test involves campleting a full
discharge in at least one configuration. Calculations to estimate the full-battery run time in
addifional configurations may be performed according to the energy,.service calculations
(Annex GG).

The typical configuration of the full-battery run time test involves Opefating the DUT with all of
its lighting appliances without internal batteries connected andset to the brightest settin[g. In
the tase of a simple portable product with a built-in light,/the light would be set tq the
brightest setting. The DUT begins the test with a fully chafged battery and runs until the|light
outppt has decreased to some pre-defined minimum valjue-(70 % in this case). The full-bdttery

run fme is defined as when @, ., reaches 70 % of the-initial luminous flux @, ().

Dy et = DD D)

wheile
D, d is the DUT’s relative luminous flux, expressed in lumens (Im);
D,(t is the DUT’s luminous-flux, expressed in lumens (Im), corresponding to 70 % off the

DUT’s initial luminous.flux;

D, (t}i) is the DUT’s initial“fuminous flux, expressed in lumens (Im), measured 20 min| into
the discharge tovaccount for initial voltage drop.

If a|product does (not include any lighting appliances, the test is conducted using other
included appliances or generic appliances, as described in Clause M.7. For such prodycts,
the key test guteome is the energy removed from the battery during the discharge. A|full-
battgry run.time in hours is calculated for these products as an intermediate step, byt for
thes¢ appliances it is usually more appropriate to assess the full-battery run time using the

enerpgy/service calculations (Annex GG), as this allows the full-battery run time t¢ be
osti | f I i N 1 ltipl binati ‘ : T

The full-battery run time test (Annex M) applies to main units, and is also used to assess the
full-battery run time of included lighting appliances with internal batteries, and other power
control units. For included non-lighting appliances with internal batteries, such as fans,
television sets, or radios, the full-battery run time for each appliance may be estimated using
one of two options described in Annex FF.

M.2 Test outcomes
The test outcomes of the full-battery run time test are listed in Table M.1.

1 This limit was chosen since a decrease of more than 30 % is clearly visible for human eyes according to the
Alliance for solid-state illumination systems and technologies (ASSIST).
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Table M.1 — Full-battery run time test outcomes
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time, to L,

battery run time

4.2.8.7 Appliance full-
battery run time

This metric also applies to lighting
appliances with internal batteries.

Metric Reporting Related aspects Notes
units
Lighting full-battery run Hours (h) 4.2.8.6 Main unit full- Run time to 70 % of initial light output.

Typical battery discharge
voltage and current

Voltage (V) and
current (mA)

4.2.9.1 Luminous flux
output

4.2.7.2 Power

This is the operating point at which the

power consumption is equal to the
average over the run time. This
. ) b

+ o
S—HSea—+o—+H

consumption

4.2.7.6 Appliance
charging efficiency

operating-pen ake-tgh

output, power consumption and
charging efficiency measurements:

protgction battery
voltgge at 24 h

(V/cell)

protection strategy

discharge protection. This metric ca
also apply to lighting appliances wit
internal batteries.

Average power over the Watts (W) 4.2.8.6 Main unit full- Average power consumptionh over the

full-pattery run time battery run time run time (for products ‘with lighting
appliances, while light output is ove
70 % of initial light output).

Enefgy removed from the | Watt-hours 4.2.8.6 Main unit full- Total energy-removed over the run time

battery over the L., run (Wh) battery run time while light-output is over 70 % of inifial

time ) light outpdt/ This outcome can be uged

4.2.8.7 Appliance full- | 55 ap input to the energy service
battery run time caldulations (Annex GG). This metri¢

alsorapplies to lighting appliances wjth
internal batteries.

Enefgy removed from the | Watt-hours 4.2.8.6 Main unit full- Total energy removed over the run time

batt¢ry until the DUT (Wh) battery run time until the DUT reaches an active deep

reaches a low-voltage discharge protection threshold, the test

discpnnect or other is stopped for safety concerns, or thg

stopping criterion DUT reached an alternate stopping
criterion. This value shall be determ|ned
for all DUTs that have active deep
discharge protection and any produdts
that do not include lighting appliancgs.
This outcome can be used as an inpput
to the energy service calculations
(Annex GG).

Actiye deep discharge Yes/no 4.2.3.13 Battery This metric can also apply to lighting

protgction protection strategy appliances with internal batteries.

Deep discharge Volts*(V) 4.2.3.13 Battery Measured only if the DUT has activeg

protgction voltage protection strategy deep discharge protection. This metfic
can also apply to lighting appliances
with internal batteries.

Passive deep discharge Yes/no 4.2.3.13 Battery This metric can also apply to lighting

protgction protection strategy appliances with internal batteries.

Pasgive deep'discharge Volts per cell 4.2.3.13 Battery Required only if tested for passive deep

M.3 Related tests

Annex M is related to the charge controller behaviour test (Annex S) and the energy service
calculations (Annex GG). The typical battery discharge voltage from Clause M.8 is used to set
up the light output test (Annex |) and light distribution test (Annex T).

M.4 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

e |f the test is being conducted with lighting appliances:
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— Integrating sphere, or other approved measurement cavity.

— Data-logging illuminance meter.

o Battery analyser.

e Voltage data logger.

e Current data logger (e.g. voltage data logger and current transducer).

e Low-voltage disconnect device that will stop the discharge when the DUT’s battery
reaches a specified voltage (recommended).

The total series resistance added by the test apparatus and all measurement equipment shall

be n
addd

This
reco

power is acceptable. If the current or voltage is observed to vary too rapidly to be capture

the ¢
mea

M.5

Cycl
the i

If th
appl
appl

M.6

For
mea
sph
con
prefé
whilg
from

3

b more than 60 mQ. This value includes the resistance of the wires and connectors,, i
d in the sample preparation procedure (G.4.4).

test involves a calculation of electrical power; see Clause CC.3~for re
mmendations. In most cases, the use of separate instruments to measuse current

urrent and data-logging devices, the sampling interval should be décreased or a pag
buring instrument should be used, as described in Clause CC.3.

Test prerequisites

e the DUT’s battery according to the procedures in thé\battery test annex (Annex K
nformation in the battery testing recommended pragtices annex (Annex L).

b test is being conducted on a product witheut lighting appliances, and any of

ance batteries according to the full discharge preparation method (Annex N).

Apparatus

products with lighting appliances, the full-battery run time test requires an acc
surement of relative light eUtput over time. In practice, this means using an integr
re or a fixed-geometry- measurement cavity to measure the illuminance level2 (

any,

ated
and
d by
wer-

and

the

ances used in the test (see Clause M.7, step a)) have internal batteries, dischargg the

irate
Ating
nder

ant conditions. Three™approved measurement cavities are listed below in order of

rence3. The lighting. measurement is taken indirectly (reflected) in the first two ty
it is taken directly'in the last type. The enclosure should be large enough to allow
the DUT to be'dissipated effectively.

ntegratingisphere.

ntegrating cube" as shown in Figure M.1).

o A

pes,
heat

self-built photometer box with a baffled measurement of illuminance on a port (i.¢. an

darkened room or cabinet with direct illuminance measurement under fixed geometry.

If the test is being conducted without lighting appliances, an integrating sphere or other
approved measurement cavity is not required. Instead, the product and appliances shall be
set in a secure location to avoid disturbance during the test.

2 A measurement of illuminance in a fixed geometry (such as a dark room or isolated box) is always directly
proportional in a linear fashion to the luminous flux of a lamp. Therefore, fixed-geometry measurements of
illuminance may be used in place of luminous flux measurements for this test, which relies on relative light
output to indicate the end of a discharge cycle.

3 Any of these cavities can result in identical estimates for full-battery run time. The preference order is related to
the degree of operator care required to maintain a fixed geometry in each, with a preference for cavities whose
relative measurement is less sensitive to small changes in the system (e.g. from accidentally bumping into the
cavity during a test).
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M.7

Befo
the [

o i
b

e (

The

its full charge. When perfor

whic

Q

IEC

Figure M.1 — Interior view of photometer box with suspentl;@ light

Procedure &%

UT’s battery chemistry: o

the battery is of NiIMH chemistry, then use thggocedures in the nickel-metal hy
attery test (K.4.3.1).

therwise, use the procedures in the activ &rcharge protection test (S.4.2). If the

module has not yet been tested, then set up the apparatus according to Figure S.1 an

A\Q)
Fun time test shall be startedt@tween 1 h and 24 h after the DUT has finished rece

h may be used to ensut@\quUT is operating at the same setting during other tests.

the following proc@fe:

Hentify the conﬁ:ngation(s) to test.

ct includes lighting appliances that do not have their own batterie
mini , the DUT shall be tested with all lighting appliances without batt
g built-in appliances according to 4.1.4) connected and set to the brig
Qy’ g. In cases where, as identified in F4 1.5 a) 19) and F.4.1.5 b) 1), mu

re measurement, fully charge the battery using one of\Qe two procedures according to

dride

solar
i set

Impp

the current limit to the rated maximum er point current at STC, I,,,,- If the rated
i$ not available, apply the current thaﬁkesults in a battery charge rate as speC|f|ed in Tlable
H.2.

iving

this procedure, take note of the DUT’s operating current,

5, at
Bries
htest
tiple

speC|f|cat|on The conflguratlon should be conS|stent W|th that used in the Ilght output

test (Annex |I) and the power consumption and other appliance tests (Annex FF).

If there are more lighting appliances than ports, and no splitters or similar devices are
included with the product, use the brightest lighting appliances. If the configuration
determined using these requirements is impractical for use (for example, if it causes an
overload protection device to activate), the most appropriate setting and configuration

should be determined by the test laboratory in consultation with the manufacturer.

Some products have multiple built-in arrays of light sources that cannot be

used

simultaneously; in this case, test only the brightest array, provided that active deep

discharge protection is present and the same deep discharge protection circuit is
by all such arrays. If the arrays could have different deep discharge prote

used
ction

behaviour and cannot be used simultaneously, the full-battery run time test should be

conducted separately for each such array.


https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

IEC TS 62257-9-5:2018 © IEC 2018 - 147 -

b)

d)

2) If the test is being conducted without measuring relative light output (i.e. the product
does not include any lighting appliances without batteries), use the following procedure
to determine the appropriate configuration:

i)

Choose all the appliances (including any built-in appliances and lighting appliances
with internal batteries) that the DUT can power. Use appliances that are provided
with the DUT when possible. If an appliance is not provided with the DUT (i.e., the
packaging advertises that the product can power a radio, but a radio is not
provided with the product), then use the appropriate generic appliance, as defined
in Annex HH, to simulate its power consumption. Do not plug in a combination of
appliances that will exceed the maximum sustained current for any port or
combination of ports, according to the output overload protection method (DD.4.2).

(@)

(n

To ensure that the product’s full discharge to the LVD is measured, at least

one

chosen appliance cannot have an internal battery. If all appliances havehintgrnal
batteries, replace the appliance with the highest power consumption with-a similar

generic appliance with no timer, as defined in Annex HH.

i) If the DUT has fewer appliance ports than the number of appliances included

and/or advertised with the DUT, then use the following criteria¢to\determine W
appliances to use during the full-battery run time test.

a) Prioritize appliances that are included with the DUT.

b) If more appliances are included with the DUT than\the number of ports,
choose appliances that will maximize the powet consumption from the D
main battery.

hich

then
UT’s

c) If fewer appliances are included with the DUT than number of ports, but the
additional advertised appliances exceegd’ the number of ports, then usg all

appliances possible that are included-with the DUT and populate the rema
ports with appropriate generic appliances, as defined in Annex HH, tha
maximize the power consumption.from the DUT’s main battery.

ning
will

If no appliances are included and no_appliances are advertised, the tester may usg his

or her discretion in determining the ¢ombination of appliances to use during the
battery run time test, or may consult the relevant product specification.

Some appliances may interfere with data collection or pose other difficulties
inclusion in the test, for example by generating voltage spikes that result in inco
readings. If this occursy~generic appliances (Annex HH) may be substituted
included appliances.

In cases where, the main unit includes multiple separate batteries, the te
configuration witl.depend on the relationship of the batteries to the appliances. If
battery is dedicated to specific loads during discharge (i.e. there are two lights
internal batteries that both connect to a solar module to charge), then cond(

full-

for
rrect
for

s5ting
pach
with
ct a

separateSfull-battery run time test on each battery. If the batteries are connectgd in

parallelXduring discharge, then conduct a single full-battery run time test with the
batteries connected.
Inncases where, as identified in F.4.1.5 a) 19) and F.4.1.5 b) 1), multiple appliahces

without internal batteries that provide the same type of service, e.g. lighting, can be

connected to a single port, these appliances may be treated as a single appliance or
as individual appliances. The appliances should be connected in a configuration that is

consistent with the configurations used in other tests.

Configure the DUT according to the configuration identified in a) but do not yet turn it on.

Secure the DUT inside the test cavity such that it is stable and cannot be jostled. When
using an integrating sphere or photometer box, position the DUT so that only reflected
light reaches the detector. This can be accomplished by pointing the light point(s) away
from the detector and/or by using baffles to shield the detector from direct light. When
using a darkened room or cabinet with fixed geometry, direct the light toward the detector.
In either case, it is extremely important that the DUT and apparatus do not move during
the test.

Prepare the voltage data logger to measure voltage across the power control unit battery
terminals at intervals of 1 min or less. Prepare the current data logger to measure the
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current at the negative battery terminal at intervals of 1 min or less. If it is unclear if the
DUT has deep discharge protection, the tester may prepare the low-voltage disconnect
device so that it stops the discharge if the DUT’s battery reaches the minimum battery
testing voltage specified in Annex L.

Some DUTs that use coulomb counting or similar methods for estimating state of charge
will not correctly detect the battery state of charge when a discharge is started
immediately after the battery is disconnected. This can result in the DUT turning off or
reducing brightness prematurely during the full-battery run time test. The procedure in
G.4.4 e) may be used for these products. If this procedure is not used, appropriate steps
shall be taken, prior to starting the discharge, to reset the DUT’s battery gauge. For
example, in some products, charging the product for a few minutes via the PV input using
solar array simulator or power supply configured as described in S.4.2.5 will resef the
attery gauge. The test laboratory should consult with the manufacturer to determine an
ppropriate reset procedure. After the reset procedure, the battery shallb nof be
isconnected from the DUT prior to starting the discharge in step d).

witch on the DUT in the correct configuration and at the correct setting dnd start taking
easurements. Relative light output (luminous flux for the integrating@sphere; illumingnce
for other measurement devices) should be recorded every minufe,“at a minimum, if
pplicable. If not measuring relative light output, skip steps g) andh)!

etermine the initial light output time (¢,;;). This defines thepaint at which relative [light
utput (RLO) is 100 %. If the DUT steps down to a lower setting after less than 20[min,
then #,;; is the time at which the last light output measuregment was recorded at the ipitial

is 20 min.

setting. Otherwise, 7

Note the light output at time ¢,

Gontinue the test until active deep discharge protection is observed. If no active feep
discharge protection is observed, continue the\test until 24 h after the RLO reaches 70 %.
I{ passive deep discharge protection is not appropriate for the product (see S.4.3.1) of the
DUT is not being assessed for deep discharge protection, the test may be termirjated
when the RLO reaches 10 % or less (ite. the light output measurement is 10 % of the
vialue at #;,;)-

NOTH A product that operates for more than 24 h after the RLO reaches 70 % can still have active|deep

discharge protection, particularly if the light’output steps down and then remains approximately constant.

If the test is being conducted without lighting appliances and no active deep discharge
drotection is observed, ,€ontinue the test until the product reaches any of the stogping
driteria for the appliance’ full-battery run time test (Clause FF.9), or, if passive fleep
discharge protectiontis not appropriate for the product (see S.4.3.1) or the DUT ig not
hHeing assessed for'deep discharge protection, until any of the following occurs:

— all the appliances no longer function,

- the battery voltage falls below the value set on the optional low-voltage discorjnect
device,)or

- th€ power drawn from the battery is 10 % or less of the power measured 20 min |after
the start of the test.

If the DUT turns off due to a timer feature designed into the DUT (see D.3.2.2 x)) that
turns the product off after a fixed amount of time regardless of the battery state of charge,
turn the product back on within 24 h and continue the test. Repeat this step as needed
until the deep discharge protection (active or passive) is detected as in i).

If the data-logging equipment cannot be read out while the test is in progress, it can be
impractical to record the exact values of 7;,;; and initial light output while the test is in progress.
In this case, an approximate value of the initial RLO or initial power may be used to determine
when to stop the test. If insufficient data was recorded to determine the full-battery run time
and (if necessary) the deep discharge protection voltage, the test shall be repeated.
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M.8

Calculations

Analyse the time-series data to estimate the full-battery run time, average power, typical
battery discharge voltage, energy removed from the battery over the full-battery run time, and
energy removed from the battery until the DUT reaches a low-voltage disconnect or other
stopping criterion.

a) Determine the full-battery run time (tzgry) using 1) or 2) below. If the DUT was restarted
in Clause M.7, step j), subtract the duration of the intervals during which the product was
turned off. For products with lighting appliances, report the result, expressed in hours (h).
For products without lighting appliances, the full-battery run time is an intermediate step in

1

[\N]

EXAM
=30 |
The I
8 h) -
b) H
F
0
W

the calculation of energy removed from the battery and need not be reported.

dppliances, a graph of pewer vs. time should be presented.

) For products with lighting appliances, the full-battery run time is the elapsed-time
the RLO reaches 70 % of the initial value at ¢;;.

) For products without lighting appliances, the full-battery run time is the-elapsed
until one of the following occurs:

i) Active deep discharge protection turns off the DUT;

ii) The product reaches any of the stopping criteria for the appliance full-battery
time test (Clause FF.9);

iii) All the appliances no longer function;

iv) The battery voltage falls below the value set on the{eptional low-voltage discor]
device;

v) The power drawn from the battery is 10 %-0f less of the power measured 2(
after the start of the test. (This endpoint'should only be used if none of the
options are applicable.)

PLE The DUT turned off due to a timer feature after 8 h, was turned on again at /=22 h, turned off ag
, was turned on again at r=46 h, and turned offiafter reaching its active deep discharge protection at
ght output remained above L., during the perjods when it was on. The full-battery run time is (50 h — (2
(46 h — 30 h)) = 20 h.

or products with lighting appliances, the recorded data should be presented in a gra

min, and can include RLO\values greater than 100 %. If more than one brightness
as tested, prepare a_separate graph for each test. For products without lig

until

time

run

nect

min
bther

ain at
50 h.
2h-

bh of

LO vs. time, as in Figure M.2(The graph should include the full discharge, beginning at

evel
hting

c) Determine the average power over the full-battery run time (Pggrt) using the following
formula. Exclude (from the sum any measurements that were made while the DUT|was
thrned off due to_a timer feature.

PFBRT:%' 2 (Ib,i'Vb,i)
L<FBRT
where
PeRRT is the average power from the battery over the full-battery run time, in watts (W);
t is the elapsed time at measurement ;;
'EBRT is the full-battery run time, in hours (h);
Iy ; is the battery current at measurement i, in amperes (A);

is the battery voltage at measurement i, in volts (V);

is the total number of current and voltage measurements over the full-battery run

time (unitless).
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Figure M.2 - Plot of example results for a product with lighting appliances

Hor products with lighting-appliances, determine the energy removed from the battery
t:Ee Lo run time (Epy), including measurements that were made while the DUT
turned off due to atimer feature, using the following formula:

Ey0- Z (Ib,i'Vb,i'A’i)

over
was

t<tzg
Where

Hy %0 is the energy delivered by the battery over the L, run time, in watt-hours (Wh);
Ig [sthe battery current at measurement 7, {m amperes (AJ;

Vi is the battery voltage at measurement i, in volts (V);

At; is the duration associated with each current and voltage point over the L,y run

time, in hours (h).

If the DUT is not being assessed for deep discharge protection, skip steps f) through i)

and proceed to step j).

Use S.4.1.5 c) and d) to determine if the DUT has active deep discharge protection
incorporated into its charge controller and determine the active deep discharge protection

voltage. If the DUT has active deep discharge protection, report the active deep disch
protection voltage, in volts (V), and report whether the protection is internal to the batt

arge
ery.

If the DUT does not have active deep discharge protection, the product could have
passive deep discharge protection (defined and described in S.4.3.1). If no active deep
discharge protection was detected, and passive deep discharge protection is appropriate
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h)

for the product (see S.4.3.1), follow S.4.3.5 e) and f) to determine if the DUT has passive
deep discharge protection. The test period mentioned in S.4.3.5 is the full duration of the
full-battery run time test until 24 h after the DUT reaches L;y, or, for products without
lighting appliances, until the 24 h after the DUT reaches any of the stopping criteria listed
in a) 2).

If the DUT has passive deep discharge protection, report the passive deep discharge
protection voltage.

If the low-voltage disconnect device provided by the laboratory stopped the discharge
during the test, record that the battery voltage reached the minimum battery testing
voltage and that no deep discharge voltage was observed. If the battery contains internal

y be
ernal
note

here the reported voltage value was measured.

NOTH If the test is to be repeated for this reason, the active deep discharge protection)test (S.4.1.5) or passive

deep discharge protection test (S.4.3.5) can be used to reduce the time needed for re-testing.

or DUTs that have active deep discharge protection and reach.a low-voltage disconnect
during the full-battery run time test or products that do not“inClude lighting appliances,
determine the energy removed from the battery until the DUT reaches a low-vo|tage
isconnect (E, | yp) or other stopping criterion, including<measurements that were made
while the DUT was turned off due to a timer feature, usihg the following formula:

By vp = Z(Ib,i Yoy AL)

I

Where

Hy Lvp is the energy exiting the battery until the DUT reaches a low-voltage
disconnect or other stopping‘criterion, in watt-hours (Wh);

Iy i is the current exiting the (pattery at measurement i, in amperes (A);

"b.i is the voltage of the battery at measurement i, in volts (V);

At is the duration associated with each current and voltage point, in hours (h)

Herform the following steps'to determine the typical battery discharge voltage (see H.$.2):

1) Calculate the average voltage during the full-battery run time (7,,4). Exclude| any

measurements-that were made while the DUT was turned off due to a timer featurq.

N

) Create a table)listing the power and current as a function of voltage operating point for
the steady:state operating period — defined as the period beginning 20 min intg the
tests uftil'the end of the full-battery run time. The table should list each operating
voltage’/during the period in increments of 0,01 V. The average power should be fpund
based on all the steady-state points that fall into each voltage "bin".

J)Kinearly interpolate between points in the table created in step 2) to identify all the
FBRT-

4) If more than one voltage was identified in 3), select the voltage closest to the average

voltage (Vavg) calculated in 1). This is the typical battery discharge voltage (V},4)-

5) Note the current (/,4) at the same point selected in 4). This is the current at the typical
battery discharge voltage. (This current can be calculated by dividing PrgrT by Vipg-)

Optionally, for products with lighting appliances, determine the average relative light
output during the L4 run time (RLO,,4). Exclude any measurements that were made while
the DUT was turned off due to a timer feature.

M.9 Reporting

Report the following in the full-battery run time test report.
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Metadata:

report name;
procedure(s) used;
DUT manufacturer;
DUT name;

DUT model number;
DUT setting;

name of test laboratory;

approving person;
date of report approval.

esults for tested DUT aspects for samples 1 through n:
run time to L,q (h), for products with lighting appliances;

typical operating point that corresponds to the average power (R¢grT), describe

the typical battery discharge voltage 7,4 (V) and current 7,4 (A);
average power over the full-battery run time (W);

energy removed from the battery over the L,q run time (Wh), for products with lig

appliances;

energy removed from the battery until the DUT reaches a low-voltage disconne

other stopping criterion (Wh);

presence of active deep discharge protectionsif applicable (yes/no);

active deep discharge protection voltage, if.applicable (V);

whether active deep discharge protectiontis internal to the battery (yes/no);
presence of passive deep discharge+protection, if applicable (yes/no);
passive deep discharge protection-voltage at 24 h, if applicable (V).

verage of n sample results for gach DUT aspect tested.
oefficient of variation of n sample results for each DUT aspect tested (%).
UT’s rating for aspectsstested, if available.
eviation of the average result from the DUT’s rating for each aspect teste
vailable (%).
omments:
individual'comments, as necessary, for samples 1 through ;
overall. comments, as necessary, for collective set of samples 1 through .
igures:

plot of relative light output (%) or power vs. elapsed time (min), as in Figure M.2;:

d by

hting

ct or

plot of voltage and current vs. elapsed time (min).
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N.1

Annex N
(normative)

Full discharge preparation

Background

Some test procedures require that the DUT be fully discharged. When performing the full-
battery run time test (Annex M), a DUT is considered fully discharged when it reaches L.

o DLLT P~ | Z0 0/ £

Th H o H- + ok b aadial Lot + £ kL o H t I
IS o T PuUIrTtt at wiioiT i uUT MITUVIUTO TU 70 UT TG TTTITtAl 1yt Uuilputl wWimTeTro tre 1 Ila

ligh

tloutput is the light output reading typically taken at minute 20 of the full-battery rtn|time

test.| For products without included lighting appliances, the product is considéered [fully
discharged when it reaches its low-voltage disconnect, all the appliances no longer fungtion,

the
the

of itq full-battery run time test, whichever occurs first.

Rattery voltage falls below the value set on the optional low-voltage disconnect device, or
power drawn from the battery is 10 % or less of the power measured 20, min after the [start

The |[grid charge test (Annex O), electromechanical charge test (Annéx'P), and solar charge
test [Annex R) use a specified charge cycle and the initial state«of_charge will influence¢ the
DUT|s performance during the charge. It is important that the- DUT be set to a prescribed
statg of charge to simulate a full discharge prior to commencing-the selected run time tesgs so

the

N.2| Test outcomes

Therge are no full discharge preparation procedures outcomes.

N.3 | Related tests

results are repeatable and comparable across products;

The full discharge preparation procedure shall be performed on all DUTs prior to condufting

the

test {Annex R).

N.4| Procedure

N.4

Each DUT isAully discharged prior to starting any of the tests listed in Clause N.3.

N.4

grid charge test (Annex O), ielectromechanical charge test (Annex P), and solar charge

. General

.2 Equipment requirements

One of the Tollowing three pieces of equipment Is required for the Tull discharge preparation.
Equipment shall meet the requirements in Table CC.2.

a)
b)

c)

N.4

Battery analyser meeting the requirements in Table CC.2.

Electronic load with timer function, meeting the accuracy requirement for battery
analysers in Table CC.2.

Timer disconnect device consisting of a digital timer and a relay that can break the
connection between the DUT’s circuit and its battery (e.g. an AC digital timer combined
with an AC-actuated mechanical relay).

.3 Test prerequisites

Before performing the procedure, fully charge the battery using one of the following two
procedures according to the DUT’s battery chemistry and circuit protection.
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o If the battery is of NIMH chemistry, then use the procedures in the nickel-metal hydride
battery test (K.4.3.1).

e |If the cell balancing or individual cell monitoring circuitry is external to its battery, use the
procedures in the active overcharge protection test (S.4.2). If the solar module has not yet
been tested, then set up the apparatus according to Figure S.1 and set the current limit to

the rated maximum power point current at STC, Tmpp-

o Otherwise, use either of the following:
a) the procedures in the active overcharge protection test (S.4.2). If the DUT’s solar

module has not yet been tested, then set up the apparatus according to Figure S.1 and
set the current limit to the rated maximum power point current at STC, /...

i) the battery test procedures appropriate to the battery chemistry (Annex K) with the
following modification: set the maximum charge voltage to the overcharge (proteftion
voltage measured in the active overcharge protection test (S.4.2).

In the case where the DUT significantly continues to charge after reaching-its overcharge
protgction voltage, avoid using option a) or stop the charge as soon as the\DUT reachgs its
overgharge protection voltage.

Any [following steps shall be started between 1 h and 24 h after the DUT has finished
rece|ving its full charge.

N.4.4 Procedure

N.4.4.1 General

Products generally have one of five types of discharge curves.

a) A constant light output with a sharp turn-off when the product reaches its low-vo|tage
disconnect (LVD) such that the light outptut'does not drop below L, prior to turning off.

b) A relatively constant light output that begins to decrease in light output just pri¢r to
elxperiencing a sharp turn-off when\the product reaches its LVD such that the light oltput
drops below L, prior to turning off.

c) A cascade of constant light\outputs such that the product steps down in its light sgtting
during its discharge, often.reaching an LVD after providing some light in its lowest set{ing.

d) A gradually decreasing tlight output as the product discharges, reaching an LVD [after
reaching L,q
e) A gradually decreasing light output as the product discharges with no LVD.

If the product discharges as type a), proceed with N.4.4.2 if using the product’s low-vo|tage
disconnect, Nv4.4.3 if using a battery analyser or electronic load, or N.4.4.4 if using a {imer
disconnect-device. If the product discharges as type b), c), d), or e), proceed with N.4.4/3 or
N.4.4.4; donot use N.4.4.2.

If the product does not include lighting appliances and its full-battery run time test was
stopped by active deep discharge protection, any of the three methods, N.4.4.2, N.4.4.3 or
N.4.4.4, may be used. If the product does not include lighting appliances and its full-battery
run time was stopped due to one of the other stopping criteria, N.4.4.2 shall not be used.

For products that use coulomb counting or similar methods for estimating state of charge, for
which special preparation was required during the full-battery run time test in Clause M.7,
step e), ensure that the same preparation is carried out prior to starting the discharge
preparation, if the battery has been disconnected from the DUT at any time after the product
was fully charged according to N.4.3 or if otherwise required by the product’s design.

If the full-battery run time test has been conducted for multiple settings or configurations of
appliances, use the results for the setting or configuration described in Clause M.7, step a)
(i.e., all lighting appliances without batteries, set to the brightest setting). If the same sample


https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

IEC TS 62257-9-5:2018 © IEC 2018 - 155 —

is required to undergo the full discharge preparation multiple times (e.g., a sample is tested
on high setting and again on low setting), the same channel of the battery analyser or
electronic load should be used each time to improve the consistency of the results.

N.4.4.2 Procedure using the product’s low-voltage disconnect
The following steps shall be followed.

a) Setthe DUT in a secure location.
b) Turn the DUT on in the same configuration that was used in the full-battery run time test.

c)
d)

After the DUT finishes discharging, wait at least 1 h but no longer than 24 hipripr to

commencing the selected charging test.

N.4.4.3 Procedure using a battery analyser or electronic load

The following steps shall be followed.

CGalculate the average discharge current measured from the DUT’S-pattery during the full-
attery run time test (Annex M) until it reached L;y. For products that do not inglude
l[ighting appliances, calculate the average discharge current“measured from the DUT’s
dattery during the full-battery run time test until one of the stopping criteria in Clause|M.8,
dtep k) 2), is met
se the battery analyser or electronic load to discharge'the DUT at the average discharge
current calculated in step a) for a duration equal to its full-battery run time to(L,g,
easured in Annex M. For products that do ot include lighting appliances, usq the
duration equal to the full-battery run time untilsone of the stopping criteria was met.

After the DUT finishes discharging, wait_atleast 1 h but no longer than 24 h pripr to
commencing the selected charging test,

b)

N.4.4.4 Procedure using a timer disconnect device
The following steps shall be followed,

a) Rrogram the timer for a duration equal to the full-battery run time to L, measuer in
Annex M. For products that do not include lighting appliances, use the duration equal to

the full-battery run time until one of the stopping criteria was met.

b) Qonnect the DUTto\the timer device such that the timer device relay will disconnectt the
DUT circuit fromthe battery upon reaching the programmed discharge time. Turn the DUT
dn in the sameé.configuration that was used in the full-battery run time test, as describgd in
Glause M. 7;step a).

After thenDUT finishes discharging, wait at least 1 h but no longer than 24 h pripr to
commencing the selected charging test.

No calculations are required with the full discharge preparation procedures.

N.5 Reporting

No reporting is required with the full discharge preparation procedures.
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Annex O
(normative)

Grid charge test

Background

The possibility of grid charging improves the usability of an LED lighting product, even if it is
de5|gned for use in remote areas. Annex O descnbes the method for measurlng the energy

that e
used
prov

The

0.2

The

0.3

The

in the energy service calculatlons (Annex GG) to determine the service (e. g run
ded by a day of grid charging.

DUT is grid charged via the provided power adapter for 8 h.

Test outcomes
est outcomes of the grid charge test are listed in Table O.1.

Table 0.1 — Grid charge test outcomes

Metric Reporting Related aspects Notes
units
Grid-charge energy Watt-hours - Used as input for
(Wh) the energy service
calculations

Related tests

grid charge test requires the_full-battery run time test (Annex M) to be performed b4

the fest. Also, if the charge cantroller behaviour test (Annex S) is performed before the

char
devi

04

0.4.

The

je test and it is determined the DUT has overcharge protection, no overcharge prote
e is required during.the grid charge test.

Procedure

General

DUT sample is charged by the grid for 8 h to determine the grid charge run times.

ime)

pfore
grid
ction

0.4.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

e AC power adapter supplied with the DUT.

e AC power supply.

e DC voltage data logger.

e DC current data logger (e.g. voltage data logger and current transducer).

e Timer disconnect device.

e Overcharge disconnect device (if necessary).

e Surface-mounted thermocouple(s) and a thermocouple reader (optional).
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If the utility voltage and frequency available at the laboratory match the requirements of the
AC power adapter supplied with the DUT, then utility power may be used to supply power to
the AC adapter, and it is not necessary to use a separate AC power supply. Many products
are supplied with "universal" AC adapters that accept wide voltage and frequency ranges. The
type of AC power supply used should be noted in the test report, but it is not necessary to
record the AC voltage, current, or power.

This test involves a calculation of electrical power; see Clause CC.3 for related
recommendations. For products with pulse-width modulation (PWM) charge controllers, a
power-measuring instrument should be used, as described in Clause CC.3.

043 Test prerequisites

The following steps shall be followed.
a) Discharge the DUT battery according to the full discharge preparation procedure
(Annex N).
b) I{itis unknown whether the DUT has an overcharge protection disconnect, an overcharge
protection disconnect device should be used to protect the batteryduring the test.

0.4.4 Apparatus

A sultable location for the DUT to be undisturbed for 8 h while.grid charging is required.

0.4.5 Procedure
The following steps shall be followed.

a) $Set up the circuit cutoff device to disconnect.the AC power circuit after 8 h of testing.

it is unknown whether the DUT has aq-overcharge protection disconnect, integrat¢ the
vercharge protection disconnect deyice into the setup. Optionally, monitor the battery
bmperature to ensure that it does’;not exceed a safe value. The maximum allowable
oltage setpoint for the overcharge disconnect device and the maximum allowablel cell
emperature may be selectedsfrom Table L.2. If temperature monitoring is used, litHium-
ased batteries shall not be-allowed to exceed 45 °C unless higher temperatureq are
llowed by the battery manufacturer.

Q O =+ < =+ O —

lug the AC power adapter supplied with the DUT into the timer disconnect device.

o
~
(n 1T

et up the current-and voltage sensors to monitor the charge into the battery and set|data
¢gging for 1 min~intervals or shorter.

e
o =

nable the timer disconnect device and begin the 8 h charging cycle.

=
>

fter 8 hof grid charging, disconnect the equipment and check for data consistency.

0.4.6 Calculations

Th Eo Ll + | | P ball ol
e UTmowinTgvarburativits SiTdimr T 11ITaut.

a) Find the instantaneous power for each data point by multiplying current and voltage.

b) Find the total energy input to the battery during the 8 h charging cycle by multiplying each
instantaneous power by the time step duration and summing the energy. This is the
measured grid-charge energy.

c) If the product stopped charging before the end of the 8 h period, determine and record the
actual duration of grid charging. The procedure in R.4.4 e) 1) may be used to identify the
time when the product stopped charging. If the product continued to charge for the full 8 h
period, record a grid charging duration of >8 h. Note the grid charging duration in the test
report.

d) Calculate the available grid-charge energy using the following formula:
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8h
Egrid ~ “meas .
grid
where
Eqig is the energy available to the battery from 8 h of grid charging, in watt-hours (Wh);
Eneas is the measured grid-charge energy, calculated in b), in watt-hours (Wh),
fgrid is the measured duration of grid charging, calculated in c), in hours (h).

NOTE This quantity is the energy available for charging the battery or operating appliances during one day of
grid charging not limited by the hattery capacity (The battery capacity limitation is accounted for in the energy

servide calculations.)

0.5| Reporting

Report the following in the grid charge test report.

o Metadata:

- report name;

- procedure(s) used;

- DUT manufacturer;

- DUT name;

- DUT model number;

- name of test laboratory;
- approving person;

- date of report approval.

e Results for tested DUT aspects for samples 1 through n:

grid-charge energy (Wh).
e (Jomments:
individual comments, as(necessary, for samples 1 through ;

overall comments, as.necessary, for collective set of samples 1 through n.
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Annex P
(normative)

Electromechanical charge test

P.1 Background

A number of lighting products provide mechanical crank-charging as an alternative to grid
and/or PV module charging.

Anngx P describes a procedure for measuring the power generated by eIectromechaLicaI
charging under predetermined conditions. This value can be used in the energy sefvice
calcuylations (Annex GG) to determine the service (e.g. run time) provided by.a” spegified
periqd of electromechanical charging.

P.2 | Test outcomes
The fest outcomes of the electromechanical charge test are listeddinFable P.1.

Table P.1 — Mechanical charge test.otutcomes

Metric Reporting Related aspects Notes
units
Electromechanical charger power Watts (W)lor 4.2.8.9 -
or energy output watt-hours Electromechanical
(Wh charger power or
energy output

P.3 | Related tests

The |electromechanical charge(test requires the full-battery run time test (Annex M) tp be
perfarmed before the test.

P.4| Procedure

P.4.1 General

The DUT sample is electromechanically charged for 5 min with measurements of the cufrent
and yoltdge available to charge the battery.

P.4.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

o Voltage data logger.
e Current data logger.
e Stopwatch or clock.
This test involves a calculation of electrical power; see Clause CC.3 for related

recommendations. If the electromechanical charger does not produce a constant current or
voltage, a power-measuring instrument should be used, as described in Clause CC.3.
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P.4.3 Test prerequisites

The DUT battery should be discharged according to full discharge preparation procedure
(Annex N).

P.4.4 Apparatus

No particular apparatus is required. For electromechanical chargers that require a fixed
position (e.g. bicycle crank chargers), a special apparatus may need to be built or used.

P.4.5 Procedure

The following steps shall be followed.

a) Attach the voltage and current sensors to the product to measure charge into-the battery.
et the data-logging interval for 2 s or less and begin logging.

b) Hlectromechanically charge the DUT for 5 min at a speed (or other operating condition)
rresponding to typical operation of the charging mechanism, following’instructions in the

ser documentation if provided. Typically, a rotational speed of 120|ppm for a hand drank

r 60 rom for a bicycle crank charger is appropriate. If the DUT provides user feedpack
regarding the speed or operating conditions (e.g. an indicatof light that illuminates when
the crank is being turned at the correct speed), follow the guidance provided by the
feedback mechanism. Note the speed and/or other operating conditions in the test reprt.
O

c) Download the data and check for consistency.

P.4.¢ Calculations
The following calculations shall be made.

ind the actual duration of the time series‘according to the dataset.

F
b) (alculate the instantaneous power input to the battery for each data point in the |time
series by multiplying current and voltage.

¢) Hind and report the average power input over the charging period.
P.4.7 Modifications for atypical products

The | procedure given in. P4.5 and P.4.6 is appropriate for appliances in which| the
elecfromechanical charging action is performed continuously for a duration of time, sugh as
hand-crank or bicycley'crank chargers, and charges a battery (or another electrical or
elecfrochemical storage device, such as a supercapacitor). However, many variations on this
model are possible.‘For alternative products, the following modifications may be used:

or products in which a single action (e.g. lifting a weight) initiates the electromechahical
ngle
ase,
ption

alsSQ repo ura arg
necessary to replicate the test.

EXAMPLE Lifting the 10 kg weight provides 0,012 Wh of energy to the battery over a period of 1 h.

e For products without a battery, in which the electromechanical generator directly powers
the appliances, report the power or energy at an appropriate location, typically the output
of the generator, under the load conditions defined in the full-battery run time test
(Annex M). For such products, the following modifications may be made to the other test
procedures in this document:

— In the protection tests (Annex DD) and assessment of DC ports (Annex EE), and any
other test requiring the battery to be replaced by a power supply, connect the power
supply to the location where the power or energy output of the electromechanical
generator was measured.
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— In place of the typical battery discharge voltage, use the voltage corresponding to the
average power output of the generator, calculated using a procedure analogous to that
in Clause M.8.

— The concept of standby loss (S.4.5) is generally not applicable to these products.

NOTE Many electromechanically powered products without batteries fall outside the scope of this document,
since they do not include an energy storage device. However, products can include a mechanical form of energy
storage, and it can be useful to test such devices according to the test methods in this document.

P.5 Reporting

Report the following in the electromechanical charge test report.

e Metadata:

- report name;

- procedure(s) used;

- DUT manufacturer;

- DUT name;

- DUT model number;

- name of test laboratory;

- approving person;

— date of report approval.

e HResults for tested DUT aspects for samples 1 through n:

electromechanical charger power or energy.

e (Jomments:

individual comments, as necessary, for samples 1 through ;

overall comments, as necessary{ffor collective set of samples 1 through ».
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Annex Q
(normative)

Photovoltaic module I-V characteristics test

Background

IEC TS 62257-9-5:2018 © IEC 2018

The purpose of the photovoltaic (PV) module |-V characteristics test is to validate the DUT
manufacturer's PV module data (if available) and determine the PV module’s

toriat: v adar taon. P + 4 aditian. (ST O\ aal FIE TN Lo aoclal Bk
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Q.2

The

erature (TMOT).

r LED lamp units are often powered by PV modules with power ratings as lew.as 0,3
h selecting a measurement instrument, it is important to ensure that it is-able to 1

iles rated at less than 3,0 W since most measurement equipment is not)designed for
| modules.

PV module may be measured with a solar simulator in accordance with IEC 60904-1:
corrected to STC and TMOT with IEC 60891:2009. This(is, the preferred techniqu
bcterizing PV modules and laboratories with access to.assolar simulator should ussg
edure. The test may also be performed with an instrument that is designed to 1
bor performance measurements of small solar modules.

Test outcomes

Table Q.1 — Photovoltaic.module I-V characteristics test outcomes

est outcomes of the photovoltaic moduled4V characteristics test are listed in Table Q.

wW.4
nake

rate measurements of modules in the desired size range. This is particularty important for

very

P006
e for
this
nake

Metric

Reporting units

Related aspects

Notes

Shoft-circuit current (/) at STC

Amperes (A)

4.2.6.1 Solar I-V curve
parameters

Report at STC

Opep-circuit voltage (V) at STC Volts (V) 4.2.6.1 Solar I-V curve Report at STC
parameters

Max|mum power point power (Pmpp) Watts (W) 4.2.6.1 Solar I-V curve Report at STC

at SfC parameters

Max|mum power/point current (lmpp) Amperes (A) 4.2.6.1 Solar I-V curve Report at STC

at SfC parameters

Max]mum-pewer point voltage (Vmpp) Volts (V) 4.2.6.1 Solar I-V curve Report at STC

at SfC parameters

Shott=circuit current (lSC |IVIU|\ at Amlnprpc (A\ 426 1 Solar |-\ curve F\’ppnrt at TMOT

TMOT ' parameters

Open-circuit voltage (V. ryot) at Volts (V) 4.2.6.1 Solar I-V curve Report at TMOT

TMOT ' parameters

Maximum power point power Watts (W) 4.2.6.1 Solar I-V curve Report at TMOT

(Pmpp,TMOT) at TMOT parameters

Maximum power point current Amperes (A) 4.2.6.1 Solar I-V curve Report at TMOT

(Impp,TMOT) at TMOT parameters

Maximum power point voltage
(Vmpp,TMOT) at TMOT

Volts (V)

4.2.6.1 Solar |-V curve
parameters

Report at TMOT

4 This is the nominal power a PV module shows under standard test conditions (STC). Since being at STC is
extremely rare in practice, the achieved power is usually lower.
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Metric Reporting units Related aspects Notes
Relative temperature coefficient of Percent per degree | 4.2.6.1 Solar |-V curve Based on temperature
open-circuit voltage Celsius (%/°C) parameters variation in v
STC I-V curve dataset Volts (V), Amperes 4.2.6.1 Solar I-V curve Delimited dataset
(A) parameters
Q.3 Related tests

Annex Q should be completed hefare the solar charge test (Annex R)

Q.4

Q.4.

The
STC
may
a reg
resu

If the
is wi
the

irrad
and
(IEC
the t

The
testi

be accepted if the tests were performed at a laboratory accreditedto perform the tes

ts include full datasets for the |-V curves.

vo |-V curves.

ng of one or more module types. For modules with IEC 61215 certification fron

Procedure

Substitution of IEC 61215-2 test results

-V characteristics of the DUT’s PV module may be determined using)the "Performange at

and NMOT" test of IEC 61215-2. Test results provided by the manufacturer of the

ognized accrediting body (e.g. an ILAC MRA signatory, to IS©/fEC 17025) and if the

module’s nominal module operating temperature (NMOT), as determined in IEC 612
hin the range 50 °C + 5 °C, the performance at TMOT may be assumed to be identig
erformance at NMOT. Otherwise, the |-V curverat TMOT (50 °C cell temperature,
ance of 1 000 W/m2, and air mass 1,5) shall-b& calculated from the performance at

60891:2009, 3.4) is recommended as it requires no additional measurements other

IEC 61215 (all parts) certification“s typically extended to a product family base

DUT
Is by
test

15-2,
al to

solar
STC

NMOT using any of the correction procedures'in IEC 60891:2009. Correction procedire 3

than

H on
h an
h the

accredited certification body, of types which have not been tested, the I-V curve data fron
testgd module type may be used,with the following corrections:
T
I:It' sc¢,DUT
I
sc.t
wheile
1 is-the corrected current, in amperes (A);
I is the current from the IEC 61215-2 test data for the tested module type, at pach
rl_\nini' on-the |-\/ curve, in amperes. (A)’
Isc put is the rated short-circuit current for the DUT’s PV module, at STC, in amperes (A);
Isc t is the short-circuit current from the IEC 61215-2 test report for the tested module
type, in amperes (A).
and
V.
V:Vt-L'UT
Voc,t
where
vV is the corrected voltage for the DUT’s PV module, in volts (A);
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is the voltage from the |IEC 61215-2 test data for the tested module type, at each
point on the I-V curve, in volts (V);

oc,ouT is the rated open-circuit voltage for the DUT’s PV module, at STC, in volts (V);

t is the open-circuit voltage from the IEC 61215-2 test report for the tested module
type, in volts (V).

When IEC 61215-2 test data are used, modifications are required to the solar charge test
procedure (Annex R); see R.4.2.3.3.

Q.4

Q.4.

.2 Test programme using a solar simulator

A Test prerequisites

If the PV module is amorphous silicon or otherwise could be subject to degradation ((e.g.

bec

perfgrming this test.

Q.4

Use the procedure defined in IEC 60904-1:2006, with the following tmedifications.

Q.4

use it is thin film or of unknown technology), it shall sun-soak for 30 ‘days pripr to

2.2 I-V curve measurements

he spectral mismatch correction described in IEC 60904-1:2006, Clause 3 a), may be
mitted if the reference device is a PV cell or module made using the same| cell
technology or using optical filtration to achieve a spectral response typical of thel cell
technology of the DUT. For example, a monocrystalline PV cell with KG5 glass window
ay be used with an amorphous silicon DUT.

or measurements in steady-state simulated sunlight, the irradiance sensof of
IEC 60904-1:2006, 4.2 d), may be omitted.

or temperature measurements, a.single thermocouple, meeting the accdracy
requirements of Q.4.3.2 and positioned directly behind a cell near the centre of the mqdule,
ay be used. If the back of the medule is inaccessible, the front-mounted thermocquple
rocedure detailed in the outdoorest procedure (Q.4.3.5.3) shall be used for the indoor

I the PV module charges the;DUT via a cable extended from the PV module’s junction box,
easure the |-V curve from the end of the cable that plugs into the DUT for charging by
cutting the connector from the end of the PV module cable, leaving as much of the gable
cpnnected to the RV\'module as possible, and strip the wire ends. However, if the PV
odule’s performance deviates from the advertised values by more than the truth-in-
advertising tolerance specified in the product specification, the |-V curve test maly be
repeated measuring the |-V curve from the PV module’s junction box (before the PV
odule’s ch@arging cable). The results from the original test shall be used as input fofr the
splar charge test and both sets of results shall be reported for the photovoltaic modulg I-V
characteristics test.

the” junction box contains components that prevent the |-V curve measurement [from
being carried out at the end of the cable, the I-V curve may be measured at the junction
box or at another point that enables the measurement to be performed. Record the
location of the measurement in the test report. If the junction box is potted, this testing can
require obtaining additional samples of the PV module without the potting compound. If
the test is subject to a random sampling requirement (Annex E), the additional samples
shall be obtained in a way that complies with this requirement; for example, samples could
be collected by a sampling agent at the PV module supplier’s factory before the potting
compound is added.

Take note of the special instructions in R.4.2.3.3 that apply when the I-V curve is not
measured at the end of the cable.

2.3 I-V curve adjustment for STC and TMOT

The |-V curve measured in Q.4.2.1 shall be adjusted to STC (25 °C cell temperature, solar
irradiance of 1 000 W/m2, and air mass 1,5) and TMOT (50 °C cell temperature, solar
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irradiance of 1 000 W/m2, and air mass 1,5) using either of the following two procedures,
ensuring that all voltage measurements are taken with the same device and all temperature
measurements are taken with the same device:

Procedure 1: Use any of the correction procedures defined in IEC 60891:2009. For
temperature coefficient measurements, a single thermocouple, meeting the accuracy
requirements of Annex CC and positioned directly behind a cell near the centre of the module,
may be used. If the back of the module is inaccessible, the front-mounted thermocouple
procedure detailed in the outdoor test procedure (Q.4.3.5.3) shall be used.

NOTE Correction procedure 3 (IEC 60891:2009, 3.4) allows temperature correction using two |-V curves at
differ¢nt temperatures. If no irradiance correction is needed, this method is likely to be the simplest for a low-cost
test.

Procedure 2: Measure the temperature coefficient of voltage (7; ,,;) using the |procegdure
defined in Q.4.3, under either natural or simulated sunlight, then use the_ calculations in
Q.4.8.5.4 to adjust the curve to STC and TMOT.

Somg PV modules include a zener diode in the junction box to limit the open-circuit voliage.
For these modules, procedure 2 cannot be used, because the temiperature coefficiept of
oper-circuit voltage is determined by the zener diode characteristicS)and does not reflecgt the
behgviour of the PV module at the typical operating point. These modules can be tested Using
procedure 1 or by measuring the I-V curve at the junction box 'with the zener diode remqved.
Modules with zener diodes can be identified by physical insp€ection of the junction box ¢r by
measurement of the relative temperature coefficient ofopen-circuit voltage (f.). dener
diodgés used for this application typically have teniperature coefficients in the range
of -0}1 %/°C to +0,1 %/°C, compared to -0,5 %/°C to+042 %/°C for typical PV modules.

Q.4.2.4 Extraction of parameters

The [following parameters shall be extracted from the adjusted |-V curves and reportef for
STC|and TMOT:

e §hort-circuit current (/g.)

pen-circuit voltage (V)

d

e Maximum power (Pmpp)
Maximum power point voltage (Vmpp)
N

laximum power point current (Impp)
In sqme cases, depending on the equipment used to measure the |-V curve, it is not posfible
to ofjtain a cortected data point at exactly short-circuit (7=0) or open-circuit (/=0). In this case
linedr interpolation should be used to calculate these parameters. If two points that brgcket
V=0 pr [0 are not available, the closest available point should be used.

NOTH—Ehis-approach-isless-accurate-than-that-allowed-by otherstandard-test-methods—but-alows—forthedise of
P g o

J
low-cost test equipment. The values of I . and ¥ are of less importance than Pmpp in assessing the overall
performance of a solar lighting product.

The maximum power point voltage (Vmpp) should be calculated by fitting a curve to the
measured data. The following method, based on ASTM E948-15:2015, 8.5, is recommended,
but modifications may be made as appropriate:

a) Calculate the power at each point on the corrected I-V curve by multiplying the current
and voltage values.

b) Identify the point ({,,,7,,,) on the corrected |-V curve with the highest power value (P,).

c) lIdentify the points on the corrected I-V curve meeting the following criteria:
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0,751, <I<1151

0757, <V <1157,

d) Perform a fourth-order polynomial least-squares curve fit to the P vs. I data.
e) Calculate the derivative of the polynomial obtained in d).
f) Find the root of the derivative obtained in e) using ¥, as the initial guess. The Newton-

Horner method with deflation is recommended. The value of this root is Vmpp.

9) Substitute V... into the polynomial determined in d) to calculate P,

h) Divide Prpp Y Vinpp t0 find Inpp-
In sqme cases, especially when the data points measured by the |-V curve analyser ar¢ not
equdlly spaced, the polynomial curve fit can be inaccurate due to overfitting. In_some casegs, it
is appropriate to use additional data points or a lower-order polynomial to correct this proplem.
Howgver, overfitting often indicates that the test should be repeated with higher resolution.

If the relative temperature coefficient of open-circuit voltage (ff{g) has not yet been
detefmined in the process of correcting the I-V curves to SFC€Dand TMOT, it sha|l be
detefmined and reported using the following formula (or alternatively by following| the
procegdure in |IEC 60891:2009, 4.5). The two measurements”of ¥V, . may be perfofmed
sepdrately (as in Q.4.3.5), or, if the |-V curve was measured.at two different temperaturgs in
Q.4.2.1, the V. measurements extracted from the measured curves may be used.

Voc1 ~ ¥
ﬂrel _ . oc,1 Qc,2 %100 %
Voestc  BirTh

wheile

Brel is the relative temperature coefficient of open-circuit voltage, in percent per degree
Celsius (%/°C);

Ty is the temperature at:-which the first measurement of open-circuit voltage is
performed, in degrees Celsius (°C);

P is the temperature at which the second measurement of open-circuit voltage is
performed, infdegrees Celsius (°C);

Voc A is the medsured open-circuit voltage at T4, in volts (V);

Voc,2 is the-measured open-circuit voltage at 75, in volts (V);

Voc.dTc is.the calculated open-circuit voltage at STC, in volts (V).

The Value of ., for PV modules is typically between -0,5 %/°C and -0,2 %/°C; results falling
outside’this range should be investigated and noted in the test report. A zener diode or ¢ther
components in the junction box (Q.4.2.3) can cause this behaviour.

Q.4.3 Outdoor photovoltaic module I-V characteristics test
Q.4.3.1 General

The PV module is tested outdoors to obtain its characteristic |-V curve, from which the
maximum power (Pmpp), open-circuit voltage (7,.), and short-circuit current (I ;) are
determined.

Q.4.3.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.
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e Outdoor |-V curve analyser. The analyser may include an integrated pyranometer,

p
e F

rovided it is fast-response (i.e. silicon PV-based pyranometer).

ast-response (i.e. silicon PV-based) pyranometer.

e Voltmeter or multimeter.

e S

urface-mounted thermocouple(s) and a thermocouple reader.

Q.4.3.3 Test prerequisites

The following prerequisites shall be met.

o (

onstant atmospheric conditions (I.e. a clear, sunny day with no clouds).

e Incident solar irradiance between 850 W/m2 and 1 150 W/m2 and an ambient temperature

b
e A
i
b

P
Q.4.

Ther|
plan

pyra
brac

etween 15 °C and 35 °C.
ir mass less than or equal to 2.

the PV module is amorphous silicon or otherwise could be subject {6 \degradation
ecause it is thin film or of unknown technology), it shall sun-soak for 30 days pri
erforming this test.

8.4 Apparatus
e should be an appropriate stand to hold the PV module and pyranometer in the s
b, directly normal to the sun. The PV module should be:.placed as close as possible t

nometer to ensure that each device "sees" the safme sky view. A sighting tube
et may be used to ensure the stand is directly nortal to the sun (Figure Q.1).

A
Vv
< )
L5
7

(e.g.
br to

ame
b the
with

Key

IEC

1 Pyranometer

Si

> A WON

Board or other flat surface

Bracket

ghting tube

90°

Figure Q.1 — PV module I-V curve testing rack
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Q.4.3.5 Procedure
Q.4.3.5.1 General

Determine the appropriate thermocouple mounting technique based on PV panel configuration.
If the PV module is separate from the lighting product or can be easily removed without
damaging the active PV material and the back of the PV module is accessible, use the back-
mounted thermocouple procedure (Q.4.3.5.2). Otherwise, use the front-mounted
thermocouple procedure (Q.4.3.5.3).

Procedure 1 of Q.4.2.3 (which references IEC 60891:2009) may be used as an alternative
meapstoadjustthe =V curve to STEanmd-TMOT(asopposed—tousimgthemethodsproyided
beloy in Q.4.3.5.2 and Q.4.3.5.3). This would involve taking |-V curve measurements-@t two
diffefent module temperatures, rather than only taking I-V curve measurements (wher the
modtle has reached thermal equilibrium after warming under natural sunlight. Thislcan rgsult
in a|more accurate temperature correction, but the benefit can be offset by -the nedd to
perfarm an |-V curve measurement when the temperature is not stable, particularly Wwhen
using equipment with long sweep times (such as a manually actuated rheostat load).

Althqugh procedure 1 of Q.4.2.3 can be used to correct for both irradiance and temperalture,
this usually requires at least three I-V curve measurements undet/different irradiance| and
temgerature conditions. To simplify testing, the calculations in/Q.4:3.5.2 may be used fof the
irradjance correction even when Procedure 1 of Q.4.2.3 is us€d for the temperature corregtion.

Somge PV modules include a zener diode in the junction box to limit the open-circuit vollage.
Procedure 2 of Q.4.2.3 cannot be used with these™modules, which can be identified as
described in Q.4.2.3.

Q.4.3.5.2 Back-mounted thermocouple
The following steps shall be followed.

a) Before the PV module is exposed.to sunlight, perform the following steps.

1) If the PV module charges<the product via a cable extended from the PV module’s
junction box, measure the |-V curve from the end of the cable that plugs intq the
product for charging by -cutting the connector from the end of the PV module cable,
leaving as much of the cable connected to the PV module as possible, and strip the
wire ends.

If the PV module’s |-V curve results show that the PV module’s performance dev|ates
from the advertised values by more than the truth-in-advertising tolerance specifigd in
the product specification, the I-V curve test shall be repeated measuring the |-V qurve
from the PV module’s junction box (before the PV module’s charging cable).| The
results“from the original test shall be used as input for the solar charge test and |both
séts of results shall be reported for the photovoltaic module I-V characteristics tesf.

[f"'the junction box contains components that prevent the |-V curve measurement [from
being carried out at the end of the cable, the |-V curve may be measured at the
junction box or at another point that enables the measurement to be performed. Note
the location of the measurement in the test report. If the junction box is potted, this
testing can require obtaining additional samples of the PV module without the potting
compound. If the test is subject to a random sampling requirement (Annex E), the
additional samples shall be obtained in a way that complies with this requirement; for
example, samples could be collected by a sampling agent at the PV module supplier’s
factory before the potting compound is added.

2) Connect a voltage meter or multimeter (DC voltage range) to the PV module.

3) Fix the thermocouple to the back of the PV module directly behind a cell near the
centre of the active area and affix insulating material (e.g. foil-backed foam tape) over
the thermocouple.
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Expose the PV module to direct normal sunlight and immediately measure and record the
open-circuit voltage (¥, 1) and the PV module temperature (7).

Leave the PV module in direct normal sunlight until thermal equilibrium is reached (i.e. the
PV module temperature is not changing by more than 1 °C/min).

Connect the PV module to the |-V curve analyser per the |-V curve analyser’s
manufacturer’s instructions.

Execute the |-V measurement per the I-V curve analyser’s manufacturer’s instructions and
record the PV module temperature (7) and incident solar irradiance.

After the |-V curve measurement, measure and record the PV module temperature again
(T ) ||Qing the same instrument that was used in Qtpp q)

27
V*easure the record the PV module’s open-circuit voltage at 7, (¥, ,) using thetgame
imstrument that was used in step a).

8.5.3 Front-mounted thermocouple

efore the PV module is exposed to sunlight, perform the following steps:
) Perform step Q.4.3.5.2.a) 1).
) Connect a voltage meter or multimeter (DC voltage rangé);to the PV module.

= Tl

) N

) Fix the thermocouple to the front of the PV module ditectly over a cell in the centre of
the active area and affix insulating material (e.gfoil-backed foam tape) over the
thermocouple.

xpose the PV module to direct normal sunlight.and immediately measure and record the
V module temperature (7,), then quicklyxremove the thermocouple and insulating
aterial from the front of the PV module, and-measure and record the open-circuit vo[tage

( oc,1)'
fter measuring (V¢ ¢), again fix the thermocouple to the front of the PV module directly

ver a cell in the centre of the .active area in the same location as before and |affix
imsulating material (e.g. foil-backed foam tape) over the thermocouple.

Tm

eave the PV module in direct normal sunlight until thermal equilibrium is reached (i.¢. the
V module temperature is.not changing by more than 1 °C/min).

onnect the PV module to the |-V curve analyser per the |-V curve analyger’s
anufacturer’s instructions.

emove the thermogcouple.

easure andecord the PV module’s open-circuit voltage at T, (Voc,z) using the game
imstrument that was used in step a).

mediately after obtaining V. o, affix the thermocouple and insulating material tq the
front of\the PV module (i.e. the same place as in step a)) and measure and record the
temperature of the PV module (7, and T) using the same instrument that was used in|step
)

Immediately remove the thermocouple and execute the |-V measurement per the |-V curve
analyser’'s manufacturer’s instructions.

Q.4.3.5.4 Calculations

The following calculations shall be made.

a)

b)

If correcting for irradiance and temperature using procedure 1 of Q.4.2.3 (see Q.4.3.5.1),
perform the temperature and irradiance correction, then skip steps b) through g) and
proceed to step h).

Convert all of the current measurements to STC using the following formula:

2
rog_ 1000 W/m
G
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where
I is the PV module’s current at STC, in amperes (A);
1

G is the measured incident solar irradiance during the I-V curve measurement, in watts
per square metre (W/m?2).

m is the PV module’s measured current, in amperes (A);

If correcting for temperature (but not irradiance) using procedure 1 of Q.4.2.3 (see
Q.4.3.5.1), perform the temperature correction, then skip steps d) through g) and proceed
to step h).

Calculate the open-circuit voltage of the measured |-V data (V. ,) using the guidelines in
gz zz

Determine the temperature coefficient for the voltage (7 ,.) using the following formyla:
T _ (Voc,17Voc,2)/ Voc,m
c,voc T_T
1 "2
Where
voc IS the PV module’s temperature coefficient for the voltage, per degree Celsius
(17°C);
Hoc,1  is the PV module’s open-circuit voltage immediately after exposure to sunlight, in
volts (V);
Hoc,2 is the PV module’s open-circuit voltage after-the |-V measurement is takep, in
volts (V);
Hoc,m s the PV module’s open-circuit voltage{measured during the |-V measurement, in
volts (V);
14 is the PV module’s temperature, immediately before exposure to sunlighlt, in
degrees Celsius (°C);
1 is the PV module’s temperature after the |-V curve measurement is takep, in

degrees Celsius (°C).

NOTH 1 This temperature coefficient is Used only for the temperature correction and is not the value provided in

the tept report, which is denoted g,

f)

g)
h)

rel”

Gonvert all of the voltage"measurements to STC using the following formula:
V:Vm[l"'j;:,voc (I;IC_T)]

Where

1 is the:PV module’s voltage at STC, in volts (V);

Nm is the PV module’s measured voltage, in volts (V);

1. vof yis the PV module’s temperature coefficient for the voltage, per degree Celsius
(17°C);

Tstc is the temperature at STC, 25 °C;

T is the PV module’s temperature during the I-V curve measurement, in degrees
Celsius (°C).

Repeat steps e) and f) for TMOT in place of STC, where TMOT is defined as 50 °C.

Determine and report the short-circuit current (I5.), open-circuit voltage (V,;), maximum

power point power (P,,,), maximum power point current (Impp), and maximum power point
voltage (Vmp ) at STC and TMOT and the relative temperature coefficient of open-circuit
voltage (f,¢)) according to Q.4.2.4.

NOTE 2 If procedure 1 of Q.4.2.3 is not used, the relative temperature coefficient of open-circuit voltage
calculated according to step g) is equivalent to the temperature coefficient calculated in d) except that V__ o is
used in the denominator instead of Voe.m: '
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Q.5 Reporting

Report the following in the photovoltaic module I-V characteristics test report.

e Metadata:
— report name;
— procedure(s) used;
— lighting product manufacturer;

— lighting product name;

- lighting product model number;

- name of test laboratory;

- description of location of test;

-{ approving person;

— date of report approval.

e HResults for tested PV module aspects for samples 1 through #:
- short-circuit current at STC (A);

- open-circuit voltage at STC (V);

- maximum power point power at STC (W);

- maximum power point current at STC (A);

- maximum power point voltage at STC (V);

— short-circuit current at TMOT (A);

— open-circuit voltage at TMOT (V);

- maximum power point power at TMOIL. (W);

- maximum power point current at TMOT (A);

- maximum power point voltage-at TMOT (V);

— relative temperature coefficient of open-circuit voltage (%/°C).
verage of n sample results:for each PV module aspect tested.

V module’s ratingfor aspects tested, if available.

vailable (%)

omments:

[ ]
Q 090 T QO >

individual comments, as necessary, for samples 1 through #;

overall comments, as necessary, for collective set of samples 1 through .

oefficient of variation‘of » sample results for each PV module aspect tested (%).

eviation of the-average result from the PV module’s rating for each aspect teste

e Figures:

— single plot showing the |-V and power-voltage curves for every PV module sample.

e Datasets:

d, if

— comma-delimited or tabular dataset listing current (A) and voltage (V) adjusted to STC

across the full measured |-V curve.
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Annex R
(normative)

Solar charge test

R.1 Background

The solar charge test provides estimates for two key sources of energy loss during solar
charging: suboptimal operation of the solar module ("solar operation efficiency") and losses
fromrthe—BYFs—internat—etectronic—ciretits—thatcharge—the—battery(-es( battery-ehaiging
circuit efficiency"). Along with the battery round-trip energy efficiency (Annex K), thesgvalues
are Yised in the daily energy service calculations (Annex GG) to calculate the energy sefvice

(e.g.|run time) provided in a typical day of solar charging.

A pgwer supply along with two resistors is used to simulate a solar module-rand charge the
DUT|s battery(-ies). The voltage operating point during the test combinedywith the solaf I-V
curve is used to calculate the solar operating efficiency. Measurementsiof’energy input tp the
DUT] solar charging port and DUT battery(-ies) are used to estimate” the battery-chafging
circdit efficiency.

R.2| Test outcomes
The [est outcomes of the solar charge test are listed innTable R.1.

Table R.1 — Solar charge test outcomes

Metric Reporting Related aspects Note
units

This is representative of the efficierjcy

Solar operation efficiency 4.2.6 Solar module with respect to optimal operation of|the
Percentage . o
(Mgor op) aspects PV module (where optimal operatiop is
at the maximum power point).
Battbrv-charging circuit 4.2.7.4 Battery- This is a lump figure for the whole
Uy ging Percentage charging circuit product and is not disaggregated by
efficjency (7, ..) o ) h
bece efficiency main unit.

This value is used in the assessmept of
Avellage charging voltage Volts (V) n/a DC ports (Annex EE) when a typica
charging voltage is needed.

Solgr charging system This describes key features of the qolar

charpcteristics n/a n/a charging circuit
Percentage of energy delivered to gach
unit's battery in the case that the test
Enefgy‘allocation ratios Percentage n/a consists of multiple units.

This outcome Is not required when the
test consists of only one battery.

R.3 Related tests

The solar charge test is related to the battery test (Annex K), the photovoltaic module I-V
characteristics test (Annex Q), the full-battery run time test (Annex M), and the energy service
calculations (Annex GG).
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R.4 Procedure

R.4.1 General

In this test, the DUT is charged using an apparatus to simulate the PV module during a typical
day of solar charging. The PV simulation shall be performed using a resistor network and
programmable laboratory power supply or a solar array simulator meeting the requirements of
Table CC.2. The voltage and current at the DUT’s PV input and battery(-ies) are recorded at
one-minute or shorter intervals.

R.4.2 Test method using a resistor network

R.4.2.1 Equipment requirements
The following equipment is required. Equipment shall meet the requirements in Table CC.p.

rogrammable power supply with constant-voltage and constant-current/modes and apility
b automatically step through a timed program, or alternative apparatus-described belgw.

urrent data loggers (e.g. voltage data logger and current transducer) (one for the DUT’s

F
t
e \foltage data loggers (one for the PV input and one for each of thecpatteries).
d
RV input and one for each battery charged during the test).

NOTH Most products have only one battery that is charged during the solarcharge test; see R.4.2.2.

o Jeries and parallel resistors (or variable resistors) for Simulating PV input.
\jariable resistor for measuring the |-V curve from¢the PV simulator (optional).

e Resistance meter or multimeter.
[«

urface-mounted thermocouple(s) and a thermocouple reader or other suitable surface-
mounted temperature measurement devices (optional).

e (Qvercharge disconnect device that will stop the charge cycle (e.g. by disconnecting the
battery) when the battery reaches a§pecified voltage (if necessary).

This| test involves a calculation” of electrical power; see Clause CC.3 for related
recojnmendations. For products with pulse-width modulation (PWM) charge controllers, |or if
the gurrent and voltage vary rapidly for any reason, power-measuring instruments should be
used, as described in Clause”CC.3. One instrument is required for the PV socket and onje for
each battery included.in\the test. An instrument with an integration function, to calcplate
cumuylative energy, should be used. The power-measuring instrument should also rgcord
voltdge and current;_if this is not possible, separate instruments may be used for the voltage
and |current measurements, which are used to calculate the corrected solar operation
efficiency in Ri4+4 k).

Instgad, 6fja programmable power supply, an electronic apparatus designed to simulate the
PV module’s diode characteristic may be used. The characteristics of the apparatus shgll be
mod i i reuitsi i i i i v ; le of
an apparatus intended for this purpose is described by Stitz (2014). The use of such an
apparatus can improve the curve-fitting accuracy and dynamic performance, especially with
DUTs that use pulse-width modulation (PWM) or maximum power point tracking (MPPT). The
laboratory shall ensure that any such apparatus has voltage and current accuracy at least
equivalent to the overall accuracy of the resistor network with a power supply meeting the
requirements above.

The series resistance added by the test apparatus and all measurement equipment between
the DUT and the battery, shall be no more than 90 mQ. This value includes the resistance of
the wires and connectors, if any, added in the sample preparation procedure (G.4.4). Some
products, particularly with currents exceeding approximately 1 A and low battery voltages,
require a lower resistance to charge normally. Excessive resistance often results in a
premature charge cutoff, a reduced current at the higher simulated solar irradiance steps, or
intermittent operation. In products with lithium-based batteries containing multiple cells in
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series, excessive resistance can interfere with the correct operation of cell balancing features,
particularly if the balancing circuit is not internal to the battery pack.

The resistance of any wiring between the power supply and resistors shall be kept low enough
to meet the power supply accuracy voltage requirement in Table CC.2. Since the resistance of
wiring and instruments between the resistor network and DUT can be lumped into the
measured value of the series resistance Ry, this resistance need not be limited but should be
minimized to the degree practical.

R.4.2.2 Test prerequisites

The DUT’s battery should be at a state of charge that corresponds to the "end of discharge,"
which shall be accomplished using procedures in Annex N. Additionally, this test 'shajl be
perfarmed after completion of the PV module |-V characteristics measurementsc(Annek Q),
sinc¢ the |-V curve information from the PV module during that test are needed(to-set up the
inpuls to the power supply for the electronics efficiency test. The results from(thie battery test
(Annlex K) and full-battery run time test (Annex M) are required for the calculations.

Spegial charging features that do not operate during a normal charge cycle, such as
equdlization or boost charging, shall not be enabled during this test, unless it is not posgible
to disable these features. Lights and appliances not containing batteries shall be
discdnnected and the DUT shall be turned off or set to standby mode (i.e. the mode in which
the DUT’s functionality is not active but the battery can be chatged).

In sgme cases a product can contain multiple components with batteries that can charge [from
the PV module. In this case, the test is conducted Avith all batteries connected except those
battgries that can be charged from another battery“in the system (i.e. batteries that cap be
charged at night). For example, if a system contains two battery units that connect to a sjngle
PV module via a splitter cable, both battery units' would be connected for this test. Howevier, a
radiq, torch, or portable lamp that contains~a battery and charges from the DUT’s ppwer
control unit battery (e.g. via a USB port) would not be connected. Run times for lighting pnits
and pppliances that are not connected(during the solar charge test shall be calculated Using
the methods in Annex GG.

In spme cases, such as unusual configurations of batteries and appliances, the bqttery
preppration procedure and” product configuration described above is not applicable or
apprppriate. In these cases, the laboratory shall determine the most appropriate configuration
and [sample preparation\procedure. The procedure used shall be documented in the| test
repoft.

R.4.2.3 Apparatus
R.4.2.3.1 General

The |apparatus for the solar charge test is shown schematically in Figure R.1. The PV

simulatier-eiretitconsistsoftwo-resistances{which-can-be-constructedusing—eombinatiohs of
fixed and/or variable resistors) and a power supply with constant-voltage and constant-current
mode and programmable capability. This circuit implements an approximation of the single-

diode model for a photovoltaic module.
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PY simulation circuit

Lgboratory power supply

Sg¢ries and parallel resistors (or variable resistors)

PY simulation circuit output (measures current and voltage here during simulated solar charging)
Connection cable from PV simulation circuit to lighting unit

Lighting product battery (measures current and voltage her€_during simulated solar charging)

[optional] Additional lighting units with separate batteries\that are included with the product

[optional] Additional lighting unit battery(-ies) (measure current and voltage here during simulated

cHarging)

Figure R.1 — Schematic of;the power supply and DUT connection
for_the solar charge test

The following quantities are measured at intervals of no more than 1 min:

= <

he DUT;

he DUT;

C
t
battery voltage for each battery (measured as close as possible to the DUT’s pr
circuit board);

b

attery.eurrent for each battery.

pltage at the DUT’s PVAinput socket, or other location where the PV module conneg

urrent at the DUT’s PV input socket, or other location where the PV module conneg

EC

solar

ts to

ts to

nted

R.4.2.3.2 Special instructions for products with cell balancing

For products with cell balancing functionality implemented external to the battery pack (i.e. on
the DUT'’s printed circuit board), particular care should be used, because the resistance of the
measurement apparatus can cause the product to detect a spurious out-of-balance condition.
If the balancing functionality operates during the test, the measured battery current and the
battery-charging circuit efficiency can be incorrect. The following methods may be used to test
such products:

The current and voltage may be monitored at each cell or parallel cellblock. However, this
option is often impractical since the resistance of the measurement apparatus can easily
result in excessive voltage drop. This method should be used only with caution, especially
if the voltage drop cannot be limited to less than approximately 10 mV per cell. Any of the

following signs indicate that the results of this method are not usable:
— operation of the balancing circuit even though the cells are in balance;
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— intermittent charging or behaviour similar to pulse-width modulation (PWM) due to the
total pack voltage exceeding the overcharge protection limit.

e The test may be conducted with no current or voltage monitoring, or with voltage
monitoring only, at the batteries. The battery-charging circuit efficiency is then calculated
using the alternative method given in R.4.5.

If these methods are unsuccessful, alternative methods may be used if the laboratory can
demonstrate that the results obtained are equivalent to the result of one of the permitted
methods had that method been possible.

Wheh the I-V curve was measured at a location other than the end of the PV module.cable,
the rfesistance of the cable and any other components between the |-V curve méasurement
poin{ and the DUT shall be taken into account in the solar charge test, using,one of the
folloywing methods.

Ihsert the PV module cable, including any electronic components inthe junction box| that
were bypassed or removed in the |-V curve test, between the resistor network appatatus
dr solar array simulator and the DUT’s PV input socket. (That'is, the PV simulatpr is
dlaced at the same location in the circuit where the I-V curyeé-was taken.) If the gable
dannot be detached non-destructively from the junction box, the cable shall be cut as
dlose to the junction box as practical. The PV simulator €Current and voltage is meagured
dt the end of the PV cable connected to the PV simulator.™If a resistor network is used, the
resistance of the cable is not included in the measurement of the series resistance Rg

—

the junction box is potted and contains electronics, it is sometimes necessary to optain
dditional samples of the PV module cable and“electronics without the potting compdund,
s described in Q.4.2.2.

he cable (and all other components betwgen the |-V curve measurement location and the
UT) may be replaced by a resistor *having a resistance within 1 % of the meadured
psistance of the PV module cable. The resistance measurement may be made on a s|ngle
mple; only the omitted portion 0f’the cable should be measured. (For example| if a
nnector equivalent to the connector at the end of the cable is used to connect the test
pparatus to the PV socket,“the connector should not be included in the resistance
easurement.) A four-wire-measurement is typically necessary. The resistor may be
nstructed using a lengthrof wire having similar characteristics to the PV module cable.

O
~
w -S04 Q0 Q@

c) Tlhe cable (and all other.components between the |-V curve measurement location andg the
UT) may be omitted and a correction applied to each voltage value in the TMOT I-V
rve. The resistance of the cable shall be measured as in b); the measurement mdy be
ade on a single“sample. Use the following formula for the voltage correction:

Veor = Vimor ~Ttmot “ Reavle

here
BN is the corrected voltage at each point on the corrected I-V curve, in volts (\{);
VImoT is the voltage at each point on the TMOT I-V curve for the DUT obtained from
the IEC 61215-2 test data, in volts (V);
ItmoT is the current at each point on the TMOT I-V curve for the DUT obtained from
the IEC 61215-2 test data, in amperes (A);
Reable is the measured resistance of the PV module cable, in ohms (Q).

Options a) through c) above are applicable if IEC 61215-2 test results are used in place of the
photovoltaic module |-V characteristics test (Annex Q) or if the |-V curve could not be
measured at the end of the cable for technical reasons, for example due to a zener diode or
anti-tampering device in the PV module junction box. Options b) and c) shall not be used if
the If the components between the |-V curve measurement location and the DUT cannot be
modelled accurately as a series resistance.
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When one of these options is used, the term "PV socket" throughout the solar charge test
procedure refers to the |-V curve measurement location.

R.4.2.4 Procedure

Perform the following steps.

a) Use the TMOT I-V curve (from Annex Q) to find appropriate resistor values and power
supply set points to simulate the PV module operating at TMOT during the charging cycle.
A computer spreadsheet or program should be used for this step.

The spreadsheet or program is used to estimate the response curve of the PV

simulator circuit over the range of voltages that corresponds to the I-V curve.
The input variables to the spreadsheet shall be the following:

e series resistance;

e parallel resistance;

e voltage setpoint;

e current setpoints corresponding to each level of simulated Golar irradiance list
Table R.2.

The circuit simulation shall be based on Ohm’s law. When ‘the diode characteris

bd in

ic is

simulated using an apparatus other than a laboratory, power supply, as described in

R.4.2.1, the behaviour of the apparatus shall be included in the circuit model.

The spreadsheet or program shall estimate the PMOT current at evenly spaced vo
points by linearly interpolating between points©n‘the measured |-V curve.

The spreadsheet or program shall scale the-interpolated |-V curve for each ley
simulated solar irradiance listed in Table)R.2 by multiplying the interpolated cu
values by the ratio of the desired solarrradiance level to 1 000 W/m2:

G

V)yx ——
1 000 W/m?

1 pv(V) > Iinterp

where

Ioy(V) is the scaled; interpolated current at each solar irradiance level i
voltage V,cinnamperes (A);

linterp(V) s theqinterpolated current at TMOT and 1 000 W/m2 at voltage
amperes (A);

G islthe simulated solar irradiance, in watts per square metre (W/m?2).

The spreadsheet or program shall use a non-linear minimization technique to mini
the weighted sum of the squared residuals (SSR) between the scaled, interpo
TMOI1-V curve values and the simulated |-V curve of the PV simulator by alterin
input variables. To give preference for close agreement near the maximum power
the SSR at each point shall be weighted by the product of the duration of each

tage

el of
Frent

mize
ated
j the
boint,
solar

Irradiance step (rrom lable K.Z) and the power In the scaled MU curve:

weighted SSR= Y| Az, - ZIPV,G(V) : V'(Iﬁt,G (V)f v (V))Z

G
where
G is the simulated solar irradiance, in watts per square metre (W/m?2);
Atg is the duration corresponding to each solar irradiance level i, in hours (h)
|14 is the voltage at each point in the interpolated I-V curve, in volts (V);

Iov,6(V) is the scaled, interpolated current at solar irradiance level G and voltage
amperes (A);

’

v, in


https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

b) Build a PV simulator circuit as in Figure R.1 using fixed or variable resistors

d)

f)
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Iy (V) is the fitted simulated current at solar irradiance level G and voltage
amperes (A);

— The outcomes of the spreadsheet or program are the best fit input variables:
e series resistance (Ry);
e parallel resistance (Rp);
e voltage setpoint (Vgjp,);

e current setpoints (/5im 1000, /sim,900+ sim, 700+ Zsim,500+ Zsim,300)-

br |-V curve measurement point as described in R.4.2.3.3).
or each simulated solar irradiance level, check that the simulated #/I-V curve

2018

V, in

with

ance
cket

is a

reasonable approximation of the true curve by calculating the deviation)ratio between the

simulated and scaled, interpolated TMOT I-V curves. The deviation‘ratio is defined a
mulated current divided by the scaled, interpolated TMOT currenbat each voltage p
or this calculation, use the true values of the input variables¢raunded to the precisi
ne test equipment. In the example below (Figure R.2), the deviation ratio is close to
petween 0,95 and 1,05, or less than 5 % error) in the key parts of the I-V curve (at a
ne left of the maximum power point).

pptional step) Experimentally verify the calculated deviation for the 1 000 W/m?2 |-V ¢
sing the following procedure. Alternatively, the 4-V*curve analyser specified in Ann
may be used to trace the |-V curve of the simuldted solar module.

C~ +~ -~ Ty

sensors to log data at very short intervals, 1 s or less.

N
~

Simulate a PV module at TMOT arid* 1 000 W/m2. Set the power supply current

voltage setpoints to /g 1000 @aNd-Yim-

(&%)
~

Measure an |-V curve for the~PV simulator. Connect a variable resistor betweer
positive and negative terminals of the PV simulator and slowly sweep from high td
resistance and back.

4) Disconnect the resistorand stop the data collection.

I-V curve to ensure the PV simulator is reasonably close, particularly in the region
voltages slightly below the maximum power point. Figure R.2 shows an exa
comparison. -The true I-V curve (line 1) is compared to the simulated I-V curve (ling

et up thédprepared DUT (see requirements in R.4.2.2) and PV simulator circuit
urrent ‘and voltage sensors, ensuring the PV simulator circuit is connected such tf

5 the
oint.
bn of
unity
nd to

irve,
ex Q

1) Connect data-logging current and voltage sensors to the PV simulator output. Seft the

and

the
low

q) Check to ensure therquality of the I-V curve data; cross check with the original (target)

with
mple
2).

with
at it
e PV
Set

S
C
replaces only the part of the PV module assembly included in the |-V curve (i.e. th
simulator circuit is connected at the same point the |-V curve data were measured)

— current entering the DUT’s battery(-ies), in amperes (A);
— voltage across the DUT’s battery(-ies), in volts (V);
— current provided by the PV simulator circuit, in amperes (A);

— voltage across the PV simulator circuit output, in volts (V).

Program the power supply to simulate a "standard solar day" of charging using the steps
indicated below (Table R.2). To facilitate identification of solar irradiance levels during

data analysis, short pauses at 0 V may be inserted between steps.
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-~ Q
0,3 1,3
2
—
0,25 1,2
'\ 1
0,2 1,1
‘-..,____sid P
0,15 s o 1
0,1 0,9
{
0,05 o,8
0 0,7
0 2 4 10
v
IEC

Key

I cdrrent with units of amperes on the primary vertical axis
V' vdltage with units of volts on the horizontal axis

D ddgviation ratio (unitless) on the secondary vertical“axis

1 measured "true" |-V curve, plotted on the . primary axis
2 1-Y curve from the PV simulator (7;+d(¥)), plotted on the primary axis

3 dqgviation ratio as a function of voltage, plotted on the secondary axis

Figure R.2 — Example "true" and simulated |-V curves plotted with the deviation rati

(o]

Table R.2 — Simulated solar day power supply settings

Step duration Simulated solar Current setpoint Voltage setpoint
irradiance

h W/m?

0,5 300 ILsim 300 Veim

0,5 500 Lsim 500 Vsim
1 700 Lsim.700 Veim
1 900 Lsim,900 Vsim
1 1000 sim, 1000 Vsim
1 900 sim,900 Vsim
1 700 Lsim,700 Vsim

0,5 500 lim.500 Veim

0,5 300 Lsim,300 Vsim

g) The DUT’s battery voltage shall be continuously monitored such that the battery voltage
shall not exceed a safety limit, either relying on the internal charge controller or based on
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h)

i)

R.4.3 Test method using a solar array simulator (SAS)
R.4.]

The following equipment is required. Equipment shall meet thé-requirements in Table CC.p.

NOTH Most products have only one battery that is.charged during the solar charge test; see R.4.2.2.
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the judgement of the laboratory. If necessary, integrate the overcharge protection
disconnect device into the setup. The overcharge protection device shall disconnect if
battery voltage rises above safety limits that are determined by the laboratory. Refer to the
battery recommended testing practices (Annex L) for recommended maximum battery
testing voltage values (refer to Table L.2). Optionally, monitor the battery temperature to
ensure that it does not exceed Table L.2. If temperature monitoring is used, lithium-based
batteries shall not be allowed to exceed 45 °C unless higher temperatures are allowed by
the battery manufacturer. If the charge cycle is stopped by an overcharge or
overtemperature protection device added by the test laboratory, the test results shall be
considered invalid.

Check the connections and setpoints, then begin data logging and start the simulated
g:arging cycle. Caution: Do not disconnect the product after having started the simulated
i

arging cycle. The electronics of some DUTs can be damaged if their batterie§ are
sconnected while voltage is applied to the PV input.

After the 7 h charging cycle is complete, stop the power supply, stop the data logging,
jisconnect the product from the PV simulator, and verify that the current and voltage [data
re valid with a quick check.

8.1 Equipment requirements

olar array simulator meeting the accuracy requirement specified in Table CC.2, inclyding
potnote d.

urrent data loggers (e.g. voltage data loggerrand current transducer) (one for the DUT’s

g

i

\foltage data loggers (one for the DUT’s PV inputland one for each of the DUT’s battefies).
d

RV input and one for each battery chargedzduring the test).

Jurface-mounted thermocouple(s)iand a thermocouple reader or other suitable surface-
ounted temperature measurement devices (optional).

vercharge disconnect device that will stop the discharge when the battery reaches a
specified voltage (if necessary).

If the solar array simulator-includes data-logging functionality, this functionality may be psed
instead of the voltage~and current data loggers at the PV input, provided the accuracy| and

resolution requiremeénts for data loggers (Table CC.2) are met.

The [resistance~limits and the recommendations regarding power measurement givgn in

R.4.

R.4

.1 apply.

.3:2 Test prerequisites

The test prerequisites are identical to those for the test method using a resistor network
(R.4.2.2).

R.4

3.3 Apparatus

The apparatus is identical to that for the test method using a resistor network (R.4.2.3),

exc

R.4

ept the PV simulator circuit (item 1 in Figure R.1) is replaced with a solar array simulator.

.3.4 Procedure

The following steps shall be followed.

a)

Configure the solar array simulator to simulate the DUT’s I-V curve at TMOT.
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b)

c)

d)

f)

g)

If the solar array simulator does not meet the accuracy requirement described
in Table CC.2 according to the manufacturer’s specifications, measure the simulator’s 1-V
curve and verify that the simulated current is within the tolerance specified in Table CC.2
for all applicable voltage values. If the measured current is not within the specified
tolerance, the solar array simulator shall not be used for this DUT. If the solar array
simulator meets the accuracy requirement described in Table CC.2 according to the
manufacturer’s specifications, this step is optional.

Set up the prepared DUT (see requirements in R.4.3.2) and PV simulator circuit with
current and voltage sensors, ensuring the PV simulator circuit is connected such that it
replaces only the part of the PV module assembly included in the |-V curve (i.e. the PV
simulator circuit is connected at the same point the |-V curve data were measured). Set
the data-logging interval to 1 min or less. Record the following quantities:

- Current entering the DUT’s battery(s), in amperes (A).

- Voltage across the DUT’s battery(s), in volts (V).

— Current provided by the PV simulator circuit, in amperes (A).
- Voltage across the PV simulator circuit output, in volts (V).

Hrogram the solar array simulator to simulate a "standard solar day"|ef charging using the
jteps indicated in Table R.2. To facilitate identification of solar_irradiance levels during

ata analysis, short pauses at 0 V may be inserted between steps. Adjust the curve tp the
reduced solar irradiance levels by adjusting the current only, according to the following
formula:

G,
Tsas =Tmor =0
TMOT
Where
Igas is the current at each point on the.simulated I-V curve, in amperes (A);
IrmoT is the current at each pointson the measured |-V curve, adjusted to TMQ[T, in
amperes (A);
Gsim is the simulated solar irradiance from Table R.2, in watts per square metre

(W/m?2).
T™MOT is the solar irradjance at TMOT (1 000 W/m?2).

d

Tlhe DUT’s battery voltage*shall be continuously monitored such that the battery voltage
shall not exceed a safety limit, either relying on the internal charge controller or based on
the judgement of sthe laboratory. If necessary, integrate the overcharge proteftion
et if
b the
ttery
re to
itbring
gher
y an
test

results shall be conS|dered invalid.

Check the connections and setpoints, then begin data logging and start the simulated
charging cycle. Caution: Do not disconnect the battery after having started the simulated
charging cycle. The electronics of some DUTs can be damaged if their batteries are
disconnected while voltage is applied to the PV input.

After the 7 h charging cycle is complete, stop the power supply, stop the data logging,
disconnect the battery from the PV simulator, and verify that the current and voltage data
are valid with a quick check.

R.4.4 Calculations

The following calculations shall be made.
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NOTE 1

a)

b)

c)

d)
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In the following procedure, "PV simulator" refers to the resistor network or solar array simulator,
whichever is applicable to the test method used.
Determine the maximum power available from the PV simulator (P, sim ) at each
simulated solar irradiance level G, using the following formula:
B max,sim,G — mﬁx (I pvsim,G(V)' V)
where
Prax sim. G is the maximum power available from the PV simulator at simulated solar
irradiance level G, in watts(W);
}' ;D thc vu:tayc at cauh }JUillt ;II thc illtclpu:atcd :"V’ vurve, ;II VUHO (‘V’),
Isimg(V)  is the simulated current at solar irradiance level G and voltage-}, in
amperes (A). If a resistor network is used, this is the fitted current I (V)
calculated in step a) of R.4.2.4, as a function of voltage. If{a, solar array
simulator is used, this is the |-V curve programmed into(thle solar array
simulator, as a function of voltage.
NOTE 2 Regardless of the test method used, this quantity is the power at the maximum power point pf the
s|mulated I-V curve. This quantity is calculated from the simulated |-V curve,-not,from the measurements
performed for this test.
Hor each measurement at time ¢, identify the maximum power available from thg PV
s'rmulator (Pmax,sim(»)- This is the maximum available jpower P, sim ¢ at the polar
ifradiance level G(t) corresponding to time ¢.
Hor each measurement at time ¢, compute the power supplied by the PV simylator
(Dpvsim(t)) using the following formula:
vasim(t):Ipvsim(t)'vasim(t)
Where
Hovsim(?) s the power supplied by the PV.simulator at time ¢, in watts (W);
IY,sim(®) s the current supplied by the PV simulator at time ¢, in amperes (A);
Novsim(®) is the voltage supplied by the PV simulator at time ¢, in volts (V).
Hor each measurement at time“t and each battery i, compute the power delivered t¢ the
b

e)

attery (Py, (1)) using the following formula:

B {0=1, {0V, (1)

where

Ay () is the power supplied by the PV simulator at time ¢, in watts (W);

I (1) is_the current supplied by the PV simulator at time ¢, in amperes (A);
N, : (1) is the voltage across battery i at time ¢, in volts (V).

I{ thescharge controller terminates the battery charge during the test (for example, if the
battefry is full), the battery-charging circuit efficiency and solar operation efficiency sh3gll be

calculated based on the current and voltage data prior to charge termination. To identify

the charge termination time and detect if the event has occurred, the following proce
shall be used.

dure

1) For each battery i, identify the battery-specific charge termination time (¢4, by
plotting the current into the battery vs. time and identifying the time at which the

current drops to zero or becomes negative. If the current does not drop to zero

, but

there is a clear change in the charging regime as the battery approaches a full charge,
the tester may use his or her discretion in determining whether charging has stopped.

If the current drops to zero due to a full battery, but then increases (for example, i

f the

battery voltage drops below the overcharge protection voltage and charging resumes),
the earliest cutoff time should be used. In any case, the tester may use his or her

discretion to determine the most accurate charge termination time. See Figure
below for examples.

R.3
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An automated method, such as a spreadsheet or computer program, may be used to
identify a possible value for the charge termination time, provided the result obtained
by such a method is checked for correctness by examining the plot of the current vs.
time. The tester should also check that the current dropped to zero due to the
behaviour of the DUT, not due to a data collection error, loose connection, or other
fault in the test apparatus or DUT.

Due to noise or measurement error, the current will sometimes be observed to drop to
a low but nonzero value rather than to zero. For this step, the current should be
considered to have dropped to zero if it drops to a value that is indistinguishable from
zero due to the uncertainty in the current measurement.

I _nancac wara incariad hatwanon calar irradianasn otanc 0 fonilitatn irlnnH'FinnHrn of
T—pPoooto—were— o et oo ety e eSS tar— ot eSSt p o —tO—aGrtate—raertroatg

solar irradiance levels, some DUTs could restart charging after a pause,, even if
charging had previously stopped. In this case, the charge termination time should be
the first time that charging stopped, before the pause.

- -

‘I - -
l.__._ amdent mmaar

S
..... ‘ .‘-.--;".r'l_.ct___--=
|
3 — I
i
i
I I I
4 5 6 4
X
IEC
Key

X tirhe with_units’ of hours on the horizontal axis

Y cyrrent\or voltage in arbitrary units on the vertical axis

1 current into the battery, in arbitrary units
2 battery voltage, in arbitrary units

3 indicates the charge termination time

NOTE 1 The thick dashed line indicates the correct charge termination time for each battery. The battery voltage
is also plotted for reference.

NOTE 2 Plotting the battery voltage can be helpful in determining whether the charge has terminated due to the

behaviour of the DUT’s charge controller or due to a fault in the apparatus or DUT. Usually, the battery voltage will
reach a local maximum at the charge termination time and then remain constant or decrease after charging stops.

Figure R.3 — Example plots of current vs. time for four different DUT batteries

2) Determine the overall data analysis end time (7.,4) as the largest value of 75,4 ; for all
batteries:
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f)

g)

h)
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fend :miax(tend,i)
where
fend is the overall data analysis end time, in hours (h);
t is the battery-specific data analysis end time for battery 7, in hours (h).

E

end,i
For the remaining calculation steps, all energy totals (£ gim.
be calculated using only the values for times less than 7g4.

max,sim:

and Ey ;) shall

wing

vatts

Determine the energy supplied by the PV simulator (Epvsim) using the following formula:

fand

Epvsim - Z(P pvsim(t)'At)

=0

where
pvsim is the energy supplied by the PV simulator, in watt-hours (WhY;

t is the elapsed time, in hours (h);
fdnd is the overall data analysis end time, in hours (h);
Hpvsim(?) is the power supplied by the PV simulator at time 7,-in watts (W);
At is the duration of time associated with each measurement, in hours (h).
Galculate the maximum available simulated PV enetgy."(£ 4« sim) Using the follo
formula:

fand

Emax,sim = Z (Pmax,sim () At)

=0

Wwhere
max,sim is the maximum available simulated PV energy, in watt-hours (Wh);
t is the elapsed time, in‘hours (h);
tdnd is the overall data_analysis end time, in hours (h);
HAmax,sim(®)  is the maximum™ power available from the PV simulator at time ¢, in
(W);

Nt is the duration of time associated with each measurement, in hours (h).
Determine the energy delivered to each battery (£, ;) using the following formula:

fend

By, = Z(Pb,i(t)'At)

=0
where
Hpy is the energy delivered to battery i, in watt-hours (Wh);
t is the elapsed time, in hours (h);
fond is the overall data analysis end time, in hours (h);
Py (1) is the power delivered to battery i at time ¢, in watts (W);
At is the duration of time associated with each measurement, in hours (h).
Determine the energy allocation ratio for each battery using the following formula:

E,,

b,i
S'E,

a. =

where
o; is the energy allocation ratio for battery i, a unitless ratio;
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Ey ;

is the energy delivered to battery i, in watt-hours (Wh).

j) Determine the battery-charging circuit efficiency (#,c) using the following formula. If the
calculated value exceeds 100 %, use a value of 100 %; however, the reason for the result
should be investigated. A value of battery-charging circuit efficiency slightly more than
100 % can occur due to measurement error, but often indicates a problem with the test
apparatus.

25,

Epvsim

TTbee

By i

NOTH 3 The procedure below calculates solar operation efficiency using two different methods. The first m4
calculated in step 1), is the ratio of the actual energy delivered by the PY simulator to the maximum po
energly based on the characteristics of the PV simulator. The second method attempts to determine the pd
which| the DUT’s actual PV module would have operated, had the DUT ‘béen charging using the PV mod
sunlight. The correction procedure works well for products without a®E-DC converter or maximum power|
trackipg; however, it is an approximation since in such products the’ PV 'module voltage is a function of the b
charge. Since the maximum power point voltage of the PV simufator apparatus can differ from that of the
module, the correction procedure can underestimate the efficiency/in products with maximum power point tra
that successfully identifies the maximum power point of the RV simulator.

L),

D)
~

where

Mbce

Epvsim
k) Hstimate the solar operation efficiency (Wsol-op)-

Calculate the uncorrected solar operation efficiency (nsol_ow) using the follo
formula. If the calculated value exceeds 100 %, use a value of 100 %; however|
reason for the result should be investigated. A value of uncorrected solar oper
efficiency greater than 100 % often indicates that the circuit parameters (R, Ry,
or Im g) during the test did not“match the calculated values. If the discrepancy
greater than the permitted toferances, the test should be repeated.

where

Msol-op,u

E
E

max,sim

pvsim

For each measurement at time ¢, identify the maximum power available from the D
PV"module (P ax mod(?)), using the following formula:

is the battery-charging circuit efficiency as a fraction, from the battery
(Annex K);

is the energy delivered to battery i, in watt-hours (Wh), fromythe full-bg
run time test (Annex M);

is the energy supplied by the PV simulator, in watt-hours (Wh).

_ Epvsim

”sol-op,u Emax sim

is(the’uncorrected solar operation efficiency as a fraction;
is the maximum available simulated PV energy, in watt-hours (Wh);
is the energy supplied by the PV simulator, in watt-hours (Wh).

test

ttery

bthod,
Esible
int at
ule in
point
attery
Actual
cking

wing

the
ation
Vsim’
was

UT’s

where
P

max,mod

Prpp, TMOT
t

G(1)

GrmoT

Git
Praxmod = Fr mpp.TMOT * -
TMOT

is the power available from the DUT’s PV module, in watts (W);

is the maximum power of the DUT’s PV module at TMOT, in watts (W);

is the elapsed time, in hours (h);

is the simulated solar irradiance at time ¢, in watts per square metre

(W/m2);
is the solar irradiance at TMOT (1 000 W/m?2).

If the test was conducted using a solar array simulator, the solar operation efficiency
(’7sol-op) is equal to the uncorrected solar operation efficiency (Wsol-op,u)- Skip steps 4)
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through 9) and continue with step I). If the test was conducted using a resistor network
and an electronic apparatus designed to simulate the PV module’s diode characteristic,
steps 4) through 9) may also be omitted if the apparatus accurately emulates the
shape of the measured |-V curve and Py ¢y is within 1% of P q for all
simulated irradiance values. Otherwise, continue with step 4).

max,mo

NOTH

(N

)

For each measurement at time ¢, calculate the corrected current at time ¢ according to
the formula
[pv,G(t) (vasim (t))
Teorr (t) = ]pvsim (t)
it G(r) (vasim (¢ ))
where
Tsor() is the corrected PV simulator current at time ¢, in amperes (A);
Toysim(®) is the current supplied by the PV simulator at time ¢, in volts(V);
G(1) is the simulated solar irradiance level at time ¢,
Ttit, 6()(V) is the fitted current from R.4.2.4 as a function of voltage at the irradiance
level G(t), in amperes (A);
Tov, 6P is the scaled, interpolated current from R.4.2(4)yas a function of voltage
at the irradiance level G(¢) (i.e. the measured |-V curve, correctef for
irradiance), in amperes (A);
Vovsim(t) is the voltage supplied by the PV simulator at time ¢, in volts (V).

4 The fraction in the formula is the deviation ratio defined'in R.4.2.4. The corrected current is the clirrent
that would be supplied by the PV module at the measured PV simulator voltage.

For each measurement at time 7, computeithe corrected PV simulator power (P{,(?))
using the following formula:

Peor ()= Jrcorr(t)'lrfpwsim(t)

where
Peore() is the corrected PV simulator power supplied by the PV simulator at|time
t, in watts (W):
Lsor() is the corrected PV simulator current at time ¢, in amperes (A);
Vovsim(?) is the voltage supplied by the PV simulator at time ¢, in volts (V).
g) Calculate the gertected PV simulator energy (£,,,) using the following formula:
fand
Eeon = Z(Pcorr(t)'m)
=0
where
¥ torr is the corrected PV simulator energy, in watt-hours (Wh);
t is the elapsed time, in hours (h);
fend is the overall data analysis end time, in hours (h);
Peore() is the corrected power supplied by the PV simulator at time ¢, in watts
(W);
At is the duration of time associated with each measurement, in hours (h).
7) Calculate the maximum energy available from the PV module (E\ 54 mog) Using the

following formula:

lend

Fnax,mod = Z(Pmax,mod - At)
=0
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where
E\nax mod is the maximum energy available from the PV module, in watt-hours
(Wh);
t is the elapsed time, in hours (h);
tand is the overall data analysis end time, in hours (h);
Praxmod(d)  is the maximum power available from the DUT’s PV module at time ¢, in
watts (W);
At is the duration of time associated with each measurement, in hours (h).
) Calculate the corrected solar operation efficiency (#yeep-eerliUsing the following
formula:
) _ Ecorr
SHPOT Brnax.mod
where

Nsol-op,corr 1S the corrected solar operation efficiency as a fraction;

Emaxmod IS the maximum available PV energy from the “DUT's PV modulg¢, in
watt-hours (Wh);
E.or I8 the corrected PV simulator energy, in watt-haurs) (Wh).
9) The solar operation efficiency (ng5q10p) is the maximum of 5gq o, @Nd 7g610d corr-

However, for some products, the correction procedure can result in an operating point
(vasim(t), I.or (1)) that is not reflective of typicaloperation. This is more likely to gccur
in products where the operating voltage (vasim(t)) is greater than the maximum ppwer
point voltage and in products with maximum ‘power point tracking, particularly whien a
resistor network is used. In this case, use the uncorrected solar operation efficiency
Nsol-op,u- (The plot generated in r) below,can be useful in making this determinatior].)

Hor each time ¢, calculate the instantaneous battery-charging circuit efficiency (np}.(?))
using the following formula:
=)
hee (1) =
vasim(t)
Where
Mpcc(®) is theyinstantaneous battery-charging circuit efficiency at time ¢ as a fragtion;
Hp (D) is\the power delivered to battery i at time ¢, in watts (W);
Hovsim(?) is the power supplied by the PV simulator at time ¢, in watts (W).
Hor each:ime ¢, calculate the instantaneous solar operation efficiency (ﬂsol-op(f))- Us¢ the
following formula if the uncorrected solar operation efficiency was taken as the solar
dperation efficiency in step k):
= vasim(t)
qu'OP( )_ P
max,sim(t)
where
ﬂsol-op(f) is the instantaneous solar operation efficiency at time ¢ as a fraction;
Ppysim(?) is the power supplied by the PV simulator at time ¢, in watts (W);
Prax.sim(®) is the maximum power available from the PV simulator at time ¢, in watts
(W).
Use the following formula if the corrected solar operation efficiency was used in step k):

Peorr{t)

"solop(‘):w
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where

ﬂsol-op(f) is the instantaneous solar operation efficiency at time ¢ as a fraction;

Peorr(D is the corrected PV simulator power at time ¢, in watts (W);

Praxmod(® is the maximum power available from the DUT's PV module at time ¢, in

watts (W).

Use the same formula for all values of ¢; that is, do not repeat the selection procedure in
step k) 9) for each value of ¢.

NOTE 5 Steps |) and m) are used to produce the required plots (see Clause R.5). The instantaneous values of
battery-charging circuit efficiency and solar operation efficiency are not used in any further calculations. The plots
produfed ause .o are uselu valaa 0 e resu 0 e e and aragno g proptems. For exgmple,
instarjtaneous solar operation efficiency values exceeding 100 % can indicate a problem with the equipment

confiduration (e.g. the wrong current or resistance values were used).

n)

p)

Hased on the test data, determine whether a DC-DC converter is present,in lthe cfrcuit
between the solar module and the battery. If a DC-DC converter is present; one of the
fpllowing will typically be true:

The voltage at any battery is greater than the voltage at the PV socket
The sum of the currents at the batteries is greater than the current at the PV sockdt

If a DC-DC converter is not present, the battery voltage will ke“less than or equal t¢ the

oltage at the PV input, and the sum of the currents at the-batteries will be less than or
gqual to the current at the PV input. Generally, the difference between the battery angd PV
current will be small; if the sum of the battery currents is much less than the current at the
HV module, and the voltage at the batteries is also,less than the voltage at the PV input,
there may be a problem with the test; the issue shoeuld be investigated.

Hor products with more than one battery, it is pessible for some batteries to charge ysing
g DC-DC converter while others do not.

Qptionally, determine whether the product uses a series (linear) voltage regulator| and
cplculate the equivalent resistance anddiode characteristics of the circuit. If this type of
charge control is present, the sum ofithe current entering all batteries equals the cufrent
delivered from the PV simulator throughout the test. Optionally, plot voltage drop jas a
function of current and fit a line to determine the approximate resistance and/or diode
characteristics of the circuit. The voltage drop as a function of current in this case w|ll be
gqual to a constant term (diede) plus a linear term (resistor).

Hor each battery i, calculate the average voltage from the start of the test to 7,4 ;. This is
the average charging voltage.

Stepp q) through s),are’ not required, but are recommended in order to verify that the test
conducted correctly=~The plots generated in steps q) and r) need not be included in the
repoft.

q) Hlot thei-measured PV simulator current and voltage values (/5 and Vg

was
test

vsim)

r)

s)

sjuperimposed on the simulated |-V curve that is calculated from the circuit model or |nput
intocthe solar array simulator. This step can identify many common errors in condugting

e e ,' -:‘:‘ S e :‘C-.:‘: e ‘:-:"“ .‘:‘ S e cete :‘ fthe
simulated irradiance steps. If the measured operating points do not fall on the calculated
curves, the reason for the discrepancy should be investigated.

Plot the corrected PV simulator current (/.,,) and PV simulator voltage (Vjygim)
superimposed on the scaled I-V curves of the PV module. This step is analogous to r), but
can be used to determine whether the corrected PV current corresponds to a realistic,
typical operating point of the PV module.

Calculate the PV current from the PV voltage using the circuit model or |-V curve values
that were input into the solar array simulator, and plot as a function of time. On the same
graph, plot the measured current as a function of time. Any significant difference between
the two values should be investigated. This plot can identify many of the same problems
as the plot in step q), but is more useful for showing irradiance steps that were omitted,
irradiance step transitions that were not detected correctly, periods in which the DUT did
not charge, and periods with missing data.
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5 Alternative method to measure battery-charging circuit efficiency
5.1 General

The following method may be used to measure battery-charging circuit efficiency for products
in which the battery current cannot be measured without influencing the charging behaviour.

For

these products, the battery-charging circuit efficiency is measured indirectly,

by

discharging the battery and measuring the energy extracted. This method is not permitted
unless a direct measurement of the battery current is known to be impossible, for one of the
following reasons:

Perform the following steps.

a)
b)

R.4.5.3 Calculations

Perform the following calculations to determine the battery-charging circuit efficiency, in |
of R{4.4 1)s

a)

b)

c)

that the measurement cannot be performed using the Iaboratory s equipment.

ated

rior laboratory experience with the same product, or a product having identical charge

control behaviour (e.g. another model in the same series from the same manufactd

rer),

as demonstrated that the measurement cannot be performed using the<-laboratpry’s

gquipment.

he voltage drop calculated from the measured resistance of the laboratory apparatlis at
the expected charging current is clearly sufficient to interfere with [the product’s chlarge

control strategy.

2 Procedure

rior to the solar charge test, prepare the product,aecording to G.4.4 e).

onduct the solar charge test using the apparatus and procedures in R.4.2 or R
xcept do not monitor the battery current. The battery voltage may optionally be measg

llow the DUT to rest for at least 1 h_but no more than 24 h.

se the procedure in G.4.4 e)_to transfer the DUT to the full-battery run time

F
d
€
3
gnd of the simulated solar charge. Do notdisconnect the battery from the PCB.
A
4
dpparatus without disconnecting-the battery.

Discharge the DUT’s battety using the procedures in the full-battery run time
(Annex M), but without charging the battery. Do not disconnect the battery from the
dt any time between the-completion of the simulated solar charge cycle and the st3
the discharge. Ensufe that the configuration of the DUT (e.g., connected appliances
dettings) is exactlythe same as when the full-battery run time test was carried out.

4.3,
ured

nd recorded. Disconnect the DUT from the.'PV simulator no more than 15 min aftef the

test

test
DUT
rt of
and

lace

15.2),

Arom’ the DUT’s full-battery run time test data (not the discharge data from R.4

identify thecurrent—atthefut=-battery Tum time—endpoinmt{for most—products, this s
current at L,g).

the

Determine the discharge duration, Aty, defined as the elapsed time in the discharge in

R.4.5.2 at which the current identified in a) is reached. (This is often less than the

full-

battery run time because the DUT is not always fully charged in the solar charge test.)

Calculate the battery-charging circuit efficiency using the following formula:

Thee _mln(100 %'E"AtPFBRTJ
pvsim Thoatt
where
Mhee 1S the battery-charging circuit efficiency, as a fraction;
Aty is the discharge duration calculated in b), in hours (h);
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is the average power from the full-battery run time test (Clause M.8), in watts (W);
is the energy delivered by the PV simulator, calculated in R.4.4 f), in watts (W);

is the battery round-trip energy efficiency from the battery test (Annex K), as a
fraction.

Reporting

Report the following in the electronics efficiency test report.

Metadata:

Average of n sample results for tested DUT aspects.

Qoefficient of variation of » sample.fesults for tested DUT aspects.

Jolar charging circuit characteristics.

Gomments:

— individual comments{ as necessary, for samples 1 through r;

— overall comments\as necessary, for collective set of samples 1 through .
Higures

- report name;

- procedure(s) used;

- DUT manufacturer;

- DUT name;

- DUT model number;

- name of test laboratory;

- approving person;

- date of report approval.

Results for tested DUT aspects for samples 1 through »%
- battery-charging circuit efficiency (%);

- solar operation efficiency (%);

- average charging voltage for each battery (\/)

— energy allocation ratios (%).

charging’-period including the maximum power available from the PV simu
(Pmaxssiln(1)), actual power supplied by the PV simulator (vasim(t)), and p
delivered to the batteries (P, ,(¢)) (see Figure R.4 for an example plot). (This ma
ploetted as the sum over all batteries or separately for each battery.) In a separate

- Plot showihg the solar charging cycle for each sample in time series over thg 7 h

lator
bwer
y be
plot

of on a secondary axis show the instantaneous solar operation efficiency

and

instantaneous battery-charging circuit efficiency in time series (see Figure R.5 for an

example plot).
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0,6

0,5

Key
X i

me with units of hours on the horizontal axis

Y pqwer with units of watts on the vertical axis

1  mpximum power available from the‘RV simulator (P (#)), in watts

max,sim

2 adtual power supplied by the PV simulator (vasim(t)), in watts
3 pqwer delivered to the batteries (P, (¢)), in watts
Figure R.4 — Example time series plot of the solar charging cycle showing

the maximum power available from the PV simulator, actual power supplied
by.the PV simulator, and power delivered to the batteries

EC
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100 %

90 % -

80 % AN

70 %

50 %

b0 %

10 %

B0 %

P0 %

0 %

0 % T T T T T T T

X time with units of hours on the horizontal axis

Y efficiency as a percent on the vertical axis

1 ingtantaneous battery-charging circuit effieiency (1, ..(¢)), as a percent

2 ingtantaneous solar operation efficiency (qsol_op(t)), as a percent

Figure R.5 — Example_time series plot of the solar charging cycle showing the
instantaneous battery-charging circuit efficiency and solar operation efficiency
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Annex S
(normative)

Charge controller behaviour test

S.1 Background

Deep discharge and overcharge protection is important for user safety and battery longevity.

Charge control is most critical for products with lead-acid, Li-ion, and LiFePO, batteries.

The |charge controller behaviour test contains five methods to examine the DUT’s\ €h
controller. Every DUT shall be tested with the active deep discharge method, where the

arge
DUT

is d|scharged until reaching its low-voltage disconnect (LVD) voltage or ¢cappropriptely

exceeding its recommended deep discharge voltage threshold. Every DUF shall als
testgd with the active overcharge protection method, where the DUT is charged until read
its ojvervoltage protection (OVP) voltage or appropriately exceeding its.Yfecommended
voltdge threshold. For DUTs that have no active deep discharge protection, the passive
discharge protection method shall be used when appropriate (see S.4:3:1); in this method
battgry voltage is examined for safety during a long-term discharge. For DUTs with N
battgries that have no active overcharge protection, the passive overcharge prote
metHod shall be used, where the DUT’s long-term charging cutrent is examined for safety

Every DUT shall also be examined for standby losses.“A product’s electronics can
subsftantial amounts of energy from the battery white’\the product is not in use, and
stan@lby loss can lead to shorter run times or preblems when storing the product for
perigds of time.

The kchoice of test methods and assessment of the appropriateness of charge control sh
include input from the battery manufacturer and/or system integrator about the approa

b be
hing
OVP
Heep
, the
liMH
ction

draw
this
long

ould
h to

charge control and the design values.for cutoff or other control algorithms. The best pragtice

for testing is to establish what the design algorithm and setpoints are and measure for t
using the appropriate methods. The assessment of whether charge control is present
apprppriate shall then be based\on the combination of two factors: the appropriateness o
design values and whether the.design was accurately realized as shown during the tests.

S.2 | Test outcomes

The [est outcomgs.of the charge controller behaviour test are listed in Table S.1.

nose
and
f the
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Table S.1 — Charge controller behaviour test outcomes

protgction

protection strategy

Metric Reporting units Related aspects Notes
Active deep discharge Yes/no 4.2.3.13 Battery --
protection protection strategy
Deep discharge Volts (V) 4.2.3.13 Battery Measured only if the DUT has active
protection voltage protection strategy deep discharge protection
Active overcharge Yes/no 4.2.3.13 Battery -
protection protection strategy
Overcharge protection Volts (V) 4.2.3.13 Battery Measured only if the DUT has active
voltage protection strategy overcharge protection
Pasgive deep discharge Yes/no 4.2.3.13 Battery -

Passive deep discharge

Volts per cell

4.2.3.13 Battery

Required only if tested for_passive deep

protgction

protection strategy

protgction battery voltage | (V/cell) protection strategy discharge protection
at24 h
Passive overcharge Yes/no 4.2.3.13 Battery Measured only for/NiMH batteries with

no active overeharge protection

Passive overcharge
protgction continuous
charging current

Amperes (A)

4.2.3.13 Battery
protection strategy

Required only/if tested for passive
overchargé)protection

Starjdby loss current

Amperes (A)

4.2.3.13 Battery
protection strategy

(2]

Carrent that is drawn from a product
battery when the product is switched off
when at 50 % state of charge

Multiple standby loss current values
may be reported for products that syitch
to low-power modes

Tim¢ before switching to
low-power mode

Hours (h)

4.2.3.13 Battery
protection strategy

Some products may switch to a low-
power mode after being turned off fqr a
set period of time

S.3 | Related tests

The |results of the active deep’ discharge protection test (S.4.1) may be substituted |with
results of the full-battery run-time test (Annex M).

The |results of the passive deep discharge protection test (S.4.3) may be substituted|with
results of the full-battery run time test (Annex M).

Annex S shaltbe performed after the photovoltaic module 1V characteristics test (Annex Q) for
solaf-charged”products because the active overcharge protection test (S.4.2) requireg the

DUT[s maximum power point current (/

mpp

requjres, the DUT’s entire |-V curve data set.

) and the passive overcharge protection test (§.4.4)

The DUT’s full-battery run time from the full-battery run time test procedure (Annex M) is
required to set the battery to the proper state of charge during the standby loss test.

S.4 Procedure

S.41
S.4.1.1 General

The DUT

is discharged until

Active deep discharge protection test

its battery voltage reaches the DUT’s LVD voltage or

appropriately exceeds its recommended deep discharge voltage threshold.
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1.2 Equipment requirements

following equipment is required. Equipment shall meet the requirements in Table CC.2.

e DC voltmeter or multimeter.

¢ Voltage data logger (recommended).

e Ammeter or current data logger (e.g. voltage data logger with a current transducer)
(current data-logger recommended).

o Low-voltage disconnect device that will stop the discharge when the battery reaches a
specified voltage (recommended).

The

otal series resistance added by the test apparatus and all measurement equipmentghall

be np more than 60 mQ. This value includes the resistance of the wires and connegtabts, if any,

add

S.4.

The

d in the sample preparation procedure (G.4.4).

.3 Test prerequisites

UT shall be either fully charged at the start of the test or charged| enough to provige at

leasf 20 min of service before reaching its deep discharge protectioh voltage or reaghing

suffi
DUT]s battery chemistry (see Table L.1 for recommended thresholds).

iciently below the recommended deep discharge protection. voltage threshold fon the

If the DUT’s battery needs to be charged, charge the battery using one of the two procedures

acc

1.4 Apparatus

ding to the battery chemistry.

I the battery is of NiIMH chemistry, then use thefprocedures in the battery test (Annex|K).

I{ the battery is of any other chemistry, then.use the procedures in the active overcharge
rotection test (S.4.2). If the DUT’s solar module has not yet been tested, then set up the
pparatus according to Figure S.1 and.§et the current limit to the rated maximum ppwer
point current at STC, 7.

The IDUT shall be set in a secure. location such that its parameters can be monitored and/or

datatlogged.

If necessary, a low-voltage disconnect device may be used that monitors the battery voltage

The following-steps shall be followed.

b)

can cut the battery)circuit if the voltage drops below a predetermined level.

1.5 Procedure

If it /is”unclear if the DUT has deep discharge protection for its battery, the tester|may
prepare the low-valtage disconnect device so that it stops the discharge if the bdttery

reaches the minimum battery testing voltage specified in Annex L.

Secure the DUT in a safe location. Select appliances and configure the DUT following the
full-battery run time test procedure (Clause M.7, step a)). Turn on the DUT to begin
discharging the battery. The DUT service(s) shall be on in highest setting(s) (i.e., lights in
their brightest setting, fan in its fastest speed). Continuously monitor the battery terminal
voltage and current at the negative battery terminal. The battery voltage and current shall
be collected at intervals less than or equal to 1 min.

In case of pulse-width modulation (PWM) controllers, aliasing effects (beat effects) can
occur when data logging due to unsynchronised PWM frequency and sampling frequency
of the current logger. This can lead to "chaotic" measurements which are difficult to
interpret. In this case, the sampling interval may be decreased or the test may be
conducted using a power-measuring instrument meeting the requirements in Table CC.2.
It is not necessary to calculate power or to follow the guidelines in Clause CC.3.
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c) If the DUT has active deep discharge protection, one of two behaviours can be observed:

1) an abrupt drop will occur in the DUT’s light output (or other appliance operation) and
current will quickly decrease to 0 A, or

2) a relatively quick drop will occur in the DUT’s light output (or other appliance operation)
and current will ultimately decrease to 0 A.

In either case, the minimum battery voltage recorded up to the time at which the battery
current reaches zero is the active deep discharge protection voltage.

d) Report whether the deep discharge protection is internal to the battery. Typically, if the

deep d|scharge protectlon circuit is external to the battery, the battery voltage will remain
ery. If
the deep d|scharge protectlon is internal to the battery pack, the voltage will drop do,|zero
dnce the deep discharge protection voltage is reached. (In the latter case, ensure that the
reported deep discharge protection voltage occurred before the internal protection cfrcuit
isolated the battery. If the battery voltage drops quickly, this can be difficult to"determipe.)

e) I the battery contains internal circuitry (refer to F.4.3.5) and the measured-deep discharge
protection voltage is outside of the targets specified by the manufacturer (D.3.2.2) or the
OUT’s battery voltage falls below the recommended deep discharge’ protection vo|tage
specified in Annex L, the test may be repeated with the voltage data logger connectgd on
the battery side of the internal circuitry, if the test laboratory determines that it is safe to
do so. In the test report, note where the reported voltage value was measured.

f) H no active deep discharge protection is observed, perfarm the passive deep discharge
protection test (S.4.3).

a) the low-voltage disconnect device stops the discharge during the test, record that the

battery voltage reached the minimum battery tésting voltage and that no active feep
ischarge voltage was observed.
S.4.1.6 Calculations

Therge are no calculations for the active deep discharge protection test.

S.4.2 Active overcharge protection test
S.4.2.1 General
The |DUT is charged until_its battery voltage reaches the DUT’s OVP voltage on the

overgharge protection disconnect device’s set point, or if the battery’s temperature exceqds a
safe|value (refer to Table'L.2).

S$.4.2.2 Equipment requirements
The following equipment is required. Equipment shall meet the requirements in Table CC.pR.

o [OCpoewer supply or solar array simulator.

PRV £ T2
1 ot

+
LR RRIERR AT

° E C ‘vlultmctcr © \o2

e DC ammeter or multimeter.

e Voltage data logger (optional).

e Current data logger (e.g. voltage data logger with a current transducer) (optional).

e Series resistor or series and parallel resistors (or variable resistors) for simulating PV
input (when using a DC power supply as opposed to a solar array simulator).

e Surface-mounted thermocouple(s) and a thermocouple reader (optional).

e AC power adapter supplied with the DUT (for DUTs with a grid-charging option and no
solar-charging option).

e Overcharge disconnect device that will stop the discharge when the battery reaches a
specified voltage (if necessary).
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The total series resistance added by the test apparatus and all measurement equipment shall
be no more than 90 mQ. This value includes the resistance of the wires and connectors, if any,
added in the sample preparation procedure (G.4.4).

S.4.2.3 Test prerequisites

The DUT shall be either fully discharged at the start of the test or discharged enough to
accept at least 20 min of charging before reaching its overcharge protection voltage or the
overcharge disconnect device’s cutoff, which may be selected based on information
in Table L.2 if the overcharge voltage set point is not supplied by the manufacturer.

S.4.2.4 Apparatus

The DUT shall be set in a secure location such that its parameters can be monitored and/or
datatlogged. If the DUT has a solar-charging option, the DUT is charged via the, PV mqdule
sockpt from a DC power supply with a series resistor in place (Figure S.1). AnCalternativelis to
charge the DUT via the PV module socket from a DC power supply with a, sefies resistorl and
parallel resistor in place (Figure R.1), or using a solar array simulator,VIlf the DUT’s jolar
modtle is integrated, as opposed to external, charge the DUT by diréctly connecting to the
DUT[s PV module leads from where the integrated PV module was detached. If the prqduct
doeg not have a solar-charging option, the DUT shall be chargedaia‘its provided grid charger
or charged via its electromechanical charging process or by a PC power supply configuréd to
simullate the electromechanical charging device.

IEC

Key
1 D¢ power supply

Series protection resistor
Plug
DUT

DUT’s PV module input socket

o o b~ W N

Battery

a Set current limiting with the maximum power point current at STC, lmp , from the outdoor photovoltaic module
|-V characteristics test (Annex Q), or, if the product is charged with otﬂer means set the current to the typical
delivery current for the charging system.

Figure S.1 — Schematic of the DC power supply-DUT connection using
a series protection resistor
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S.4.2.5 Procedure

The following steps shall be followed if the DUT has a solar charging option.

a)

b)

d)

f)

g)

If the setup includes the parallel resistor (Figure R.1), adjust the current limiting value of
the DC power supply to the current setpoint at 1 000 W/m? irradiance, Isim. 1000 Calculated
in the solar charge test (Annex R). Also adjust the voltage of the DC power supply, Vps: t0

the voltage setpoint, 7V, calculated in the solar charge test (Annex R). Also set

the

series resistance, R, and the parallel resistance, R, to the values calculated in the solar

charge test (Annex R). Skip steps b) through f) and proceed to step g).
If the setup uses a solar array simulator, configure the solar array simulator as for

S
dteps c) through f) and proceed to step g).

I

the DC power supply to the PV module’s maximum power point currént-at TM
Ilhpp, TmoT (refer to the results of the photovoltaic module [-V chatacteristics
(Annex Q)).
C
r

bsistor, set the power supply output voltage, Vs

Ve =1.25%%, e

using the following“formula:

where

Nos is the DC power supply output voltage, in volts'(V);

~

b,max
obtained from the battery testing recomfmended practices annex (Annex L).

rotection resistor. In cases where the DUT has an integrated PV module, connec}
ower supply in series with a protectian resistor. (This protection resistor is only need

ases where a "shunt regulator" (s built in; however, as a schematic of the D

oltage setting of the DC peawer supply (Vps); therefore, size the resistor based or
bllowing formula:

A< 30 0T T T O

0,1prs

] mpp, TMOT

_ 015x7,

1 mpp,TMOT

<

Wwhere
is the DC power supply output voltage, in volts (V);

"
ps
hpp, TMOT is the PV module’s maximum power point current at TMOT, in amperes

~

s istheresistanceof theserresresistormohms(€)-

is the DUT’s battery’s maximum charge~voltage, in volts (V), which may

ositive and negative wires from the DUT that were attached to the PV module to th«F

obtained from the photovoltaic module |-V characteristics test (Annex Q);

the

otar charge test (Annex R) o simulate the 1-V curve at an irradiance of T 000 W7m2.]Skip

the setup includes a series resistor only (Figure S.1), adjust the current limiting-valtie of

OoT,
test

ue to voltage drops from the PV module’s blocking diode, cable dosses, and the sgries

be

onnect the PV module socket of the DUT\to the DC power supply in series w|th a

the
DC
din

UT'’s
lectronics is usually not provided, this resistor should be used in all cases for safety
basons). The voltage drop in the series resistor should be between 10 % and 15 % of the

the

(A),

Ensure the series resistor’'s power dissipation rating is greater than or equal to the value

given by the following formula:

Prs > Ir%lpp,TMOT Rs
where
P is the series resistor’s minimum required power dissipation, in watts (W);
Itpp, TMOT is the PV module’s maximum power point current at TMOT, in amperes
obtained from the photovoltaic module |-V characteristics test (Annex Q);
Ry is the resistance of the series resistor, in ohms (Q).
If it is unknown whether the DUT has an overcharge protection disconnect, integrate

(A),

the

overcharge protection disconnect device into the setup. The overcharge protection device
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shall disconnect if the battery voltage rises above safety limits that are determined by the
laboratory. In some cases, the DUT’s charge controller is designed with an OVP voltage
that is greater than the overcharge protection device setpoint; therefore, the tester may
allow the battery voltage to proceed above the recommended OVP voltage threshold if
deemed safe and necessary. For Li-ion batteries, the battery voltage shall not exceed the
maximum safe value specified by the battery supplier, or 4,26 V/cell if no supplier-
provided information is available; otherwise there is a risk of explosion. Optionally, monitor
the DUT’s battery temperature to ensure that it does not exceed a safe value (refer to
Table L.2). If temperature monitoring is used, lithium-based batteries shall not be allowed
to exceed 45 °C unless higher temperatures are allowed by the battery manufacturer.

h) Charge the DUT while continuously monitoring the DUT’s battery terminal voltage and
rrent at the negative battery terminal. The battery voltage and current shall be collgcted
intervals less than or equal to 1 min.

case of pulse-width modulation (PWM) controllers, aliasing effects (beat effects) can
ccur when data logging due to unsynchronised PWM frequency and sampling frequgency
the current logger. This can lead to "chaotic" measurements which-are difficdlt to
imterpret. In this case, the sampling interval may be decreased ot the test may be
nducted using a power-measuring instrument meeting the requirements in Table ¢C.2.
I{ is not necessary to calculate power or to follow the guidelines in(€lause CC.3.

the DUT automatically stops accepting charge, the DWUT) has active overcharge
rotection, and the highest voltage measured during the test is the DUT’s overcharge
rotection voltage. For some DUTs, the current will not/stop completely, but will Begin
tapering off when the battery voltage reaches the overcharge protection voltage. Continue
onitoring until two measurements of battery voltage) taken six hours apart, show an
imcrease of less than 0,01 V.

vercharge protection circuit is external to the battery, the battery voltage will remain
nstant or decrease after the overcharge protection circuit disconnects the battery. If the
ercharge protection is internal to the battery pack, the voltage will typically increase to
the open-circuit voltage of the PV module or PV simulator apparatus when the overchlarge
rotection voltage is reached. (In the latter case, ensure that the reported overcharge
rotection voltage occurred beforelthe internal protection circuit isolated the battery.)

eport whether the active overcharge protectiof(is internal to the battery. Typically, ilgnthe

the battery contains internal eircuitry (refer to F.4.3.5) and the measured overcharge
rotection voltage is outside of the targets specified by the manufacturer (D.3.2.2) of the

UT’s battery voltage exceeds the recommended overcharge protection voltage spegified
im Annex L, the test may be repeated with the voltage data logger connected orl the
attery side of the internal circuitry, if the test laboratory determines that it is safe to qo so.
the test report, (note where the reported voltage value was measured.

the battery ¢{erminal voltage reaches the overcharge protection cutoff device’s voltage
threshold, récord that no active overcharge protection is incorporated into the DUT’s
arge controller.

reaching the recommended overcharge protection voltage, but the current does not go to

I{ in the case of a NiMH battery the battery voltage levels off or begins to decrease bgfore
rey no active overcharge protection is detected. ¥

The following steps shall be followed if the DUT does not have a solar charging option.

n) If it is unknown whether the DUT has an overcharge protection disconnect, integrate the
overcharge protection disconnect device into the setup. The overcharge protection device
shall disconnect if the battery voltage rises above safety limits that are determined by the
laboratory. In some cases, the DUT’s charge controller will be designed with an OVP
battery voltage that is greater than the overcharge protection device’s cutoff; therefore,
the tester has the discretion to allow the battery voltage to proceed above the
recommended OVP voltage threshold if deemed safe and necessary. For Li-ion batteries,
the battery voltage shall not exceed the maximum safe value specified by the battery
supplier, or 4,26 V/cell if no supplier-provided information is available; otherwise there is a
risk of explosion. Optionally, monitor the DUT’s battery temperature to ensure that it does
not exceed a safe value (refer to Table L.2). If temperature monitoring is used, lithium-
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based batteries shall not be allowed to exceed 45 °C unless higher temperatures are
allowed by the battery manufacturer.

o) If the product has a grid-charging option, plug the AC power adapter supplied with the
DUT into an outlet with AC voltage that is suitable for the supplied AC power adapter.

p) If the product does not have a grid-charging option, but has an electromechanical charging
option, electromechanically charge the DUT continuously according to the
electromechanical charge test procedure (Annex P) or use a power supply to source
current that is equal to the charging current measured in the electromechanical charge
test.

q) Charge the DUT while continuously monitoring the DUT’s battery terminal voltage and
rrent at the negative battery terminal. The battery voltage and current shall be collgcted
intervals less than or equal to 1 min.

r) Hollow steps i) through k) above.

s) |{ the battery terminal voltage exceeds the predetermined overvoltage-limit (e.g| the
aximum battery testing voltage from Table L.2), no active overcharge protectign is
imcorporated into the DUT’s charge controller.

S.4.2.6 Calculations

Therge are no calculations for the active overcharge protection test.

S.4.3 Passive deep discharge protection test
S.4.31 General

If the DUT does not have active deep discharge.protection, the product could have passive
deeq discharge protection. In this form of deep\discharge protection, the load and battery
chargcteristics are matched so that the load-.cannot discharge the battery excessively|in a
reaspnable period of time, even though, it\femains connected. Generally, passive leep
discharge protection is not appropriate for products with ports, since the load propertieg are
not Known. However, passive deep discharge protection may be used for built-in appliahces
(such as internal lights or radios) if the ports are separately provided with appropriate aftive
deeq discharge protection.

In thie passive deep discharge protection test, the DUT is left to discharge for 24 h andg the
minimum voltage within the” 24 h period is recorded. This method is only performed on
prodlicts that show no agtive deep discharge protection and for which passive deep discharge
protegction is appropriate:

S.4.3.2 Equipment requirements
The following-equipment is required. Equipment shall meet the requirements in Table CC.p.

e [DClvoltmeter or multimeter.

e Voltage data logger (recommended).

e Ammeter or current data logger (e.g. voltage data logger with a current transducer)
(optional).

e Low-voltage disconnect device that will stop the discharge when the battery reaches a
specified voltage (recommended).

The total series resistance added by the test apparatus and all measurement equipment shall
be no more than 60 mQ. This value includes the resistance of the wires and connectors, if any,
added in the sample preparation procedure (G.4.4).

S$.4.3.3 Test prerequisites

The DUT shall have undergone the active deep discharge protection test. The battery shall be
in the same state of charge as when the DUT reaches L;q (70 % of its initial light output
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during the full-battery run time test), or, for products without lighting appliances, the state of
charge corresponding to approximately 24 h before one of the stopping criteria of the
appliance full-battery run time test (Clause FF.9) would be met.

S$.4.3.4 Apparatus

The DUT shall be placed in a secure location where it can discharge for 24 h.

If necessary, a low-voltage disconnect device may be used that monitors the battery voltage
and can cut the battery circuit if the voltage drops below a predetermined level.

S.4.3.5 Procedure

The following steps shall be followed.

a)

e)

f)

h)

Determine the accepted 24 h passive deep discharge battery protectionyvoltage. |This
Joltage may be selected based on information from Table L.1, if it is not"supplied by the
DUT or battery manufacturer.

If it is unclear if the DUT has deep discharge protection for its(baftery, the tester|may
dgrepare the low-voltage disconnect device so that it stops the) discharge if the DUT’s
hattery reaches the minimum battery testing voltage specified'in Annex L.
q

ecure the DUT in a safe location. Select appliances and eonfigure the DUT following the
full-battery run time test procedure (Clause M.7, step a)).

Tljurn on the DUT and discharge the battery for/24" h. For products without lighting
dppliances, discharge until one of the stopping_criteria for the appliance full-battery run
time test (Clause FF.9) is met. The DUT applianee(s) shall be on in highest setting(s) ((i.e.,
lights in their brightest setting, fan in its fastest speed). Continuously monitor the DUT’s
blattery terminal voltage and optionally monitor the battery current at the negative battery
terminal. The battery voltage and optional-current shall be collected at intervals less [than
or equal to 1 min.

In case of pulse-width modulation {PWM) controllers, aliasing effects (beat effects) can
occur when data logging due to.unsynchronised PWM frequency and sampling frequency

the current logger. This can’ lead to "chaotic" measurements which are difficylt to
y be
C.2.

has
itput
hlue.
arge
has
duct

) ) Arg ) Heep
discharge protection voltage at 24 h, in volts (V). Determine the passive deep discharge
protection voltage by identifying the minimum battery voltage during the 24 h test period.
(Since the battery voltage typically continues to decrease during the 24 h test period, this
is generally the voltage at 24 h.)

If the battery contains internal circuitry (refer to F.4.3.5) and the measured deep discharge
protection voltage is outside of the targets specified by the manufacturer (D.3.2.2) or the
DUT’s battery voltage falls below the recommended deep discharge protection voltage
specified in Annex L, the test may be repeated with the voltage data logger connected on
the battery side of the internal circuitry, if the test laboratory determines that it is safe to
do so. In the test report, note where the reported voltage value was measured.

If the low-voltage disconnect device provided by the test laboratory stops the discharge
during the test, record that the battery voltage reached the minimum battery testing
voltage and that no passive deep discharge voltage was observed.
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S.4.3.6 Calculations

There are no calculations for the passive deep discharge protection test.

S.4.4 Passive overcharge protection test
S.44.1 General

This method is only performed on products with NiMH batteries that show no active deep
discharge protection.

In sd
over
obse
haveg a solar-charging option, the DUT shall be charged via its provided grid: ¢hargg¢r or
charged via its electromechanical charging process. This method is onlyyperformed on
products with NiMH batteries that show no active overcharge protection.

S.44.2 Equipment requirements
The following equipment is required. Equipment shall meet the requirements in Table CC.p.

C power supply or solar array simulator.
C ammeter or multimeter.

C
C
e \loltage data logger (optional).
Gurrent data logger (e.g. voltage data logger with'a current transducer) (optional).
5

eries resistor or series and parallel resistors (or variable resistors) for simulating PV
imput (when using a DC power supply as opposed to a solar array simulator).

C power adapter supplied with the DUT (for products with a grid-charging option and no
plar-charging option).

(N0 >

urface-mounted thermocouple(s)and a thermocouple meter (optional).

The fotal series resistance added-by the test apparatus and all measurement equipment ghall
be np more than 90 mQ. This value includes the resistance of the wires and connectors, if any,
addqgd in the sample preparation procedure (G.4.4).

S$.44.3 Test prerequisites

The [DUT shall_have undergone the active overcharge protection test, such that its battery
voltage has just passed its recommended overcharge protection voltage (Table L.2) when
charging on.if the battery voltage does not reach the recommended overcharge proteftion
voltqge, the battery has reached the maximum voltage observed during the active overchlarge

protgction test (i.e. the battery voltage has levelled off or peaked and begun to decrease)

S.44.4 Apparatus

The DUT shall be set in a secure location such that its parameters can be monitored and/or
data-logged. If the DUT has a solar-charging option, the DUT is charged via the PV module
socket from a DC power supply using a series resistor or series and parallel resistor identical
to those used in the active overcharge protection test (S.4.2.4).

S.4.4.5 Procedure

The following steps shall be followed if the DUT has a solar charging option and the product’s
battery-charging circuit does not include a DC-DC converter (see R.4.4, step n)).
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a) Determine the accepted passive overcharge protection continuous battery charging
current. A passive overcharge protection continuous battery charging current of less than
or equal to 0,2 I, A is recommended for NiMH batteries.

b) Compare the PV module’s short-circuit current at STC (/ ;) to the passive overcharge

p

rotection continuous battery charging current (/g

may be obtained from the photovoltaic

module |-V characteristics test (Annex Q)). If I, is the smaller of the two, the DUT has

p

assive overcharge protection and no further testing is necessary.

c) Plot the PV module’s I-V curve at typical module operating temperature TMOT from the
photovoltaic module I-V characteristics test (Annex Q).

d) If the passive overcharge protection test follows the active overcharge protection test

u
r

e) I

c C

f)

1

g)

h)

QP T < T OO P S N<O0OO0O00O00 T 5 =T Q

k)

1
P

Theqd
prod

sing a parallel resistor (Figure R.1), use the same current limiting and voltage valueg
bsistor values that were used in the active overcharge protection test (S.4.2.5).

the passive overcharge protection test follows the active overcharge protection
sing a solar array simulator, use the same solar array simulator configuration that
sed in the active overcharge protection test (S.4.2.5).

the passive overcharge protection test follows the active overcharge\protection test
series resistor only (Figure S.1), set the current limiting and voltage values of thg
ower supply to the PV module’s maximum power point current abTMOT, /., TmoT
oc, TMoT (refer to the results of the photovoltaic module |-V characteristics tesF(Anne
bspectively. Use the same series resistor value as was used in the active overch
rotection test (S.4.2.5).

onnect the DC power supply via the resistor(s) and the product’s entire PV cable t
UT’s PV module input socket. If the DUT is has an‘integrated PV module, connec
C power supply to the ends of the internal leads\where the PV module connects t

oltage drop, V4,0, between the power supply’s output and the DUT’s battery termi
ptionally, monitor the battery temperature t0“’ensure that it does not exceed a safe
efer to Table L.2).

dd Vyrop to the charge voltage, Vp,pge, Which is determined by multiplying the numb
attery cells in series by the recommended overcharge protection voltage for N
atteries (Table L.2). This sum is the total charge voltage, V-

lot a vertical line at V.,

pltage axis to the |-V curye.

on~the TMOT I-V curve (see step c)) that extends from

lot a horizontal line that.intersects the TMOT I-V curve at the same point V7, does

max

Xis is the charging\current.

the charging eurrent is less than or equal to 0,2 /; A, the DUT has passive overch
rotection.

Lct utilizes a DC-DC converter:

1)

and

test
was

with
t DC
and
Q)),
arge

b the
t the
b the

UT’s circuitry. Let charge for 5 min. After the/5"min period is complete, determing the

nals.
alue

er of
liMH

the

and

xtends to the current axis. The current where the horizontal line intersects the current

arge

e steps\shall be followed if the product does not have a solar charging option or if the

etermine the DUT’s accepted passive overcharge protection continuous battery cha

ging

current. A passive overcharge protection continuous battery charging current of less than
or equal to 0,2 /; A is recommended for products with NiMH batteries.

m) Compare the passive overcharge protection continuous battery-charging current to the
average charging current observed over the final 5 min from when carrying out the active
overcharge protection test procedure (S.4.2). If the average charging current is the

S

maller of the two, the DUT has passive overcharge protection.

S.4.4.6 Calculations

There are no calculations for the passive overcharge protection test.
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5 Standby loss measurement

5.1 General

This measurement quantifies the standby loss of a DUT when not in use. If the standby loss is
substantial, it can affect the use of the DUT. The DUT shall be configured to best simulate
how it would be left in the home while not in use.

S.4.
An

requ rUmUnto ill L= 1 v A v W oy

S.4.

Set
by t

a)

5.2 Equipment requirements

ammeter (data-logging functionality is optional) and a timer. Equipment shall meet the

a-—Tlakl laYalls)

5.3 Test prerequisites

the DUT’s battery to a state of charge of approximately 50 %. This may be .accomplished
He procedure described below.

Rirst, fully charge the battery using one of the following:

=

) the appropriate charging procedures in the battery test (Annex 'K), or

) the procedures in the active overcharge protection test’(S.4.2). If the DUT’s golar
module has not yet been tested, then set up the apparatus according to Figure S.1 and
set the current limit to the rated maximum power point'¢urrent at STC, Tmpp-

N

b) After the battery is fully charged, discharge the (battery to a state of charge of

S$.4.5.4 Apparatus

The

15 niin.

S.4.

The

b)

c)

approximately 50 % using one of the following:

1) use the appropriate discharging procedures.in’the battery test (Annex K) modifigd to
end when the battery reaches a 50 % state\of charge, or

[\N]
~

turn the DUT on its brightest setting. Stop the discharge once the discharge durgtion
equals (50 £ 25) % of the DUT’s fullzbattery run time.

DUT shall be set in a secure(ocation such that its battery current can be recordef for

5.5 Procedure
following steps shall be followed.

onfigure thetDUT to simulate how it would be left in the home while not in use. Connect
Il the incldded appliances with no internal battery that can be turned off with an gn/off
witch to the product. For example, it is unlikely that a user unplugs a light point that has
n on/eff switch every time he or she wants to turn off the light; it is more likely thaf the
ser,'will turn off the light point via its switch. If the DUT does not have enough pornts to
onnéct all the included appliances with no internal battery that have on/off switghes,
connect the appliances with no internal battery that are estimated to maximize the standby
loss. In addition, turn on/off system power switches on. For example, if the power control
unit has a system on/off switch that connects the battery to the rest of the system, keep
the switch in the on position. It is unlikely that a user will turn the system’s power switch
off when the system is not in use.

O cC QO M Q) M

For products with external solar modules, connect the solar module. For all products with
solar modules, prevent light from reaching the PV material (e.g. cover the solar module
with an opaque dark cloth or turn the module upside down so that its PV material is facing
downwards over an opaque surface).

Break the circuit at the battery’s negative terminal, connect the current meter in series,
and ensure that all power buttons and switches on the DUT are turned off, with the
exception of the system power switch, as described in step a).
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d) Turn on one of the DUT’s appliances, e.g. turn on a light, to check that the DUT is still
functioning after connecting it to the current meter. Briefly shining a light on the PV
module is sometimes required to activate the DUT after connecting the current meter in
series. Turn the appliance off once functionality is confirmed.

e) Wait 5 min to allow the DUT to stabilize. Then, over a 10 min period, record (or data-log)
the current at the battery’s negative terminal at intervals less than or equal to 1 min.

f) Report the average battery current over the 10 min data-collection period.

If the manufacturer indicates that the product enters a low-power mode ("sleep mode" or

"standby mode") after a delay longer than 5 min (see D.3.2.2 x)), or such behaviour is
observed hy the Inhnrn’rnry rlllring ’rnefing’ repeat the test after allnwing the r\rndllr"r to_enter

the Ipw-power mode. Both sets of results shall be reported. Record the time required(fe

product to enter the low-power mode.

S.4.5.6

Calculations

There are no calculations for the standby loss measurement.

S.5

Reporting

Report the following in the charge controller behaviour test report.

e Metadata:

report name;
procedure(s) used;
DUT manufacturer;
DUT name;

DUT model number;
name of test laboratory;
approving person;

date of report approval.

esults for tested DUT aspects for samples 1 through n:

presence of active deep discharge protection (yes/no);
active deep discharge protection voltage, if applicable (V);
presencesof+active overcharge protection (yes/no);
activeovercharge protection voltage, if applicable (V);
presence of passive deep discharge protection (yes/no);

passive deep discharge voltage (V/cell);

presence of passive overcharge protection (yes/no);
passive overcharge protection continuous charging current (mA);

standby loss current (A);

time required for product to enter low-power standby mode, if applicable (h).

e Average of n sample results for each DUT aspect tested.

o Coefficient of variation of n sample results for each DUT aspect tested (%).

e DUT’s rating for aspects tested, if available.

e Deviation of the average result from the DUT’s rating for each aspect

available (%).

¢ Comments:

tested,

r the

if


https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

— 206 — IEC TS 62257-9-5:2018 © IEC 2018

— individual comments, as necessary, for samples 1 through »;

— overall comments, as necessary, for collective set of samples 1 through #. In particular,
include an assessment of the appropriateness of the charge control strategy given the
information available.

e Figures:

— plots of voltage and current vs. time in the active overcharge test, active deep
discharge protection test, and passive deep discharge protection test.
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Annex T
(normative)

Light distribution test

Background

Luminous flux and light distribution are two primary metrics used to assess the performance
of a lighting product. Measurements of luminous flux (the total amount of light emitted by a

sour
light
perfq

The
task
"ided
is in
that

The

Amb

by

mea
light
where it is not clear how to classify a light, the use of both luminous flux and light distrib
testi

TasK
illumlinance on a specified task plane. The task plane used in the light distribution test is
and
suspended light).

T.2

The

ts of

AY P HP=Y 3 for PCEWEE TN £ Lokt aal . P~ H M At A oo | A TP
JU} dare GHHIUPIIULU LAYA] ﬂlly LyPU VT IIBIIL AU dTC UToULVUOOUU TTT MITITTOA T, TVICAOUT UTTTUT
distribution are also appropriate for any type of light, with particular relevance“{g
rmance of task lights that have focused light outputs.

light distribution of lighting appliances can vary greatly, ranging from very-narrow-i
lights to omnidirectional ambient lights. While there is no distribution .that’is necesq
[," some distributions are more appropriate for certain applications than others. Ann
ended to characterize a product’s light distribution so purchasers €an select proq
hre appropriate for the applications in which they are used.

most common applications for lighting appliances are:

mbient lighting,
task lighting from a mounted or suspended fixture, and

task lighting from a fixture placed on the surface{fovbe illuminated (e.g. a desk light).

ent lights, products that have wide or omnidirectional light output, are best characte
measuring total luminous flux (Annex l)z; A full width half maximum (FWHM) &
surement may be used to help categorize a light distribution (ambient or task), and 5

g is appropriate.
lights that have directedUlight distributions may be characterized by measuring

is positioned relative“to the DUT according to the type of task light use (desk lig

Test outcomes

ight distribution test outcomes are listed in Table T.1.

the

eam
arily
ex T
ucts

rized
ngle
ome

5 may be considered for both ambient and task lighting applications. In circumstapces

ition

the
1 m2
nt or

Table T.1 — Light distribution test outcomes

Metric Reporting units Related aspects Notes

Vertical and horizontal
full width half maximum
(FWHM) angles

4.2.9.2 Full width half
maximum (FWHM) angle

Degrees (°)

Usable area with
iluminance greater than a
specified threshold

Square metres (m?)

4.2.9.3 Average light
distribution characteristics

Determined from a specified
distance

Work surface illuminance

Lux (Ix)

4.2.9.3 Average light
distribution characteristics

Maximum possible over
testing surface

Luminous flux

Lumens (Im)

4.2.9.1 Luminous flux
output

Only obtained when using
multi-plane (T.5.3) or
goniophotometer (T.5.2) test
methods
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Related tests

The light distribution test is related to the light output test (Annex |). Specifically, either the
multi-plane method described in 1.4.4 of Annex | or the goniophotometer method described in
[.4.2 may be used to gather all needed data to generate polar plots, surface plots, and FWHM
angles for ambient and suspended task lights.

T.4

For

Substitution of results from IEC TS 62257-12-1

ighting appliances without internal batteries, the light distribution test of IEC TS 62

257-

12-1

supp
oper
shall

e H

o |
p

T.5

T.5.1

Anng
Tabl
nece
prod

The
requ
If on
illumi
geng
mea

may be used in place of the light distribution test in this document. Since the wo
lied to the lighting appliance in IEC TS 62257-12-1 can be different from the appli
ating voltage (Clause FF.5), the results of the IEC TS 62257-12-1 light distribution
be adjusted as follows:

ull width half maximum angles need not be adjusted.

uminous flux values shall be adjusted by multiplying by the relative light o
ercentage value determined in 1.4.2 a).

Approved test methods

General

x T includes multiple test procedures with varying test outcomes, summarize
b T.2. If more than one identical lighting appliance is included with the product, it is
ssary to test one of each type of identical lighting appliances for each sample. Also,
Lct has multiple unique lighting appliances;<each unique lighting appliance shall be tg

est method to be used should be selected based on the capabilities of the laboratory
red outcomes (as specified in theproduct specification), and the product applicatio
y FWHM angles are required by-the product specification, the illuminance on a plane
inance on a desktop procedures need not be performed. While the turntable meth
rally of limited utility for desktop task lights, it may be performed on these produ
surement of the FWHM angles is desired or required by the product specification.

Table T.2 - Summary of testing options for characterizing lamp distributions

tage
ance
test

Utput

d in
only
f the
sted.

, the
n(s).
and
bd is
cts if

est method Application(s) Test outcomes

Gon
orm

ophotometer. Ambient light e Vertical and horizontal FWHM angles

ulti-plane . I . :
Suspended task light e Usable area with illuminance greater than a specif

Desktop task light threshold
e  Luminous flux (see Annex |)

A AL el £ T :
hd VVUTR SUTTACTT TITUTImiarice

Suspended task light
. Vertical and horizontal FWHM angles, if determine

e  Work surface illuminance

llluminance on a Ambient light e Usable area with illuminance greater than a specified
plane threshold

d

Turntable Ambient light e Vertical and horizontal FWHM angles

Suspended task light

Illuminance on a Desktop task light e Usable area with illuminance greater than a specif
desktop threshold

e  Work surface illuminance

ied

The following steps shall be followed before performing the test by any method.
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a)

Determine the "horizontal" and "vertical" planes for the purposes of the light distribution
measurement, using the following guidelines. Describe the selected orientation in the test
report. Photographs or diagrams can be useful in describing the product orientation, but
are not required if the text description is unambiguous.

1) These guidelines consider two types of light points: omnidirectional and directed. If the
distribution of illuminance is measured on an imaginary sphere surrounding an

omnidirectional product, the maximum illuminance will occur at the equator and |

ocal

minima will occur at the poles. For a directional product, the maximum illuminance will

occur at one pole and the minimum will occur at the other pole. Typical omnidirecti
light points include lanterns and some bulbs; typical directed light points inc
torches and suspended task lights.

D)

(&%)

(N

onal
lude

For an omnidirectional light point, the horizontal plane is the plane of maximum

illuminance, typically parallel to the ground, and the vertical plane is the' g

lane

perpendicular to the horizontal plane containing the point of maximum.illumingnce
(Figure T.1). In some cases there are multiple possible choices of vertical_plane, if the

maximum illuminance value occurs at more than one point. In this-case, the
laboratory should select one plane to measure.

Some directed light points have identifiable top and bottom surfaces. For example

test

, the

bottom surface could be flat for desktop mounting and the ‘power button coulfl be

located on the top of the light point. In this case, the vertical plane is the plane
contains the point of maximum illuminance and the centres of the top and bog
surfaces of the light point, and the horizontal plane is the plane perpendicular td
vertical plane that contains the point of maximum illuminance. See Figure T.2.

that
ttom
the

For light points with no identifiable top and bottom, the choice of horizontal and veftical

planes may be arbitrary.
If the light point contains a two-dimensignal array of light sources (e.g. LEDs)

and

multiple choices of horizontal and/or vectical planes are available following the apove

criteria, it is preferable to align the ight point such that the intersections of

horizontal and vertical planes with the array plane are lines of symmetry of the ﬂa:rray

configuration, if possible. For example, if the product contains LEDs in a grid pa
the grid lines should be parallel.With the horizontal and vertical plane.

HHHH

<z L I
e ol o

the

ern,

I N

Figure T.1 — Horizontal plane for determining FWHM angle and radial
illuminance distribution, for an omnidirectional light point
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Figure T.2 — Horizontal plane for'determining FWHM angle
and radial illuminance distribution, for a directed light point

N
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IEC

g) If the light point contains a three-dimensional array of light sources (e.g. LEDs)| and
multiple choices of horizontal and/or vertical planes are available following the apove
criteria, it is preferable to align the light point such that the horizontal and veftical
planes are planes of symmetry of the array configuration, if possible. For example, if
the light point contains four LED PCBs with outward-facing LEDs at 90° angles| the
vertical plane could besghosen to pass through the centres of two of the LED PCBH.

1) In all cases, the .intersection of the horizontal and vertical planes should contain the
line segment that\connects the centre of the light source with the point of maximum
illuminance.

gd) Sometimes, as in the case of LED bulbs, it can be difficult to determine whether a|light
point should be treated as omnidirectional prior to conducting the test. In some c3ses,
it is_necessary to perform the test with multiple choices of horizontal and veftical
planes. Generally, the radial distribution of illuminance in the vertical plane df an
omnidirectional product will have two local maxima at or near 90° and 270°. If a(light
point is tested as directed but exhibits this characteristic, or if the horizontal| and
vertical FWHM angles are greater than 180°, the possibility should be considered that
the light point should be tested as omnidirectional.

NOTE The terms "horizontal" and "vertical" are used for notational convenience; the horizontal and vertical planes
for the purposes of light distribution are not necessarily horizontal and vertical relative to the ground when the light
point is in use or when the measurement is being performed. The orientation of the light point in the laboratory
does not necessarily correspond to the product’s intended use.

b) Prepare the test sample for lighting evaluation as described in 1.4.1.

The procedure for calculating FWHM angles presented in T.5.3.6, T.5.4.6, and T.5.5.6 are
adequate for most products. For products with unusual distributions for which these
procedures do not accurately describe the shape of the distribution, the test laboratory should
use its discretion and provide documentation of the procedure used. In such a situation the
laboratory may report multiple FWHM angles for different parts of the distribution or may
report that the FWHM angles could not be determined.
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T.5.2 Goniophotometer

A goniophotometer may be used to measure both the light distribution characteristics of a
light source and also the total luminous flux. Operation of a goniophotometer is beyond the
scope of this document, and testing with a goniophotometer device should be conducted
according to the following standard test methods, with the DUT operated using a laboratory
power supply as described in 1.4.1:

e CIE 084
e CIE127

e |ESNALM-79.08

T.5.3 Multi-plane method
T.5.3.1 General

The |multi-plane method, described in 1.4.4, can be used to measure luminous flux|and
characterize light distribution of ambient lights, suspended task lights, and“desktop task ljghts.
For ¢haracterizing the light distribution of desktop task lights, depending,on the details of the
interjded application, the illuminance on a desktop method (I.5.6) is generally more
apprppriate; the multi-plane and illuminance on a desktop anethods may be used in
conjlinction to obtain both luminous flux and light distribution characteristics.

T.5.3.2 Equipment requirements

The following equipment is required. Equipment shall/meet the requirements in Table CC.pR.

=

. lulti-plane test apparatus (described in Annex.l).

e 0OC power supply.

e [lluminance meter.

O

. C voltmeter or multimeter.

e [OC ammeter.

T.5.3.3 Test prerequisites

The [product specification may define the distance(s) at which the usable area, work sufface
illumlinance, and radial \distribution of illuminance are to be determined; if not othenwise
spedffied, use a value of 0,75 m for the usable area and work surface illumingnce
measurements and\)m for the radial distribution of illuminance. Distances shall be spegified
as the distance from the grid surface to the centre point of the light source. The DUT’s bgttery
voltgge and current corresponding to the average light output over the L,y run timg are
requjred. The_DUT shall be prepared for lighting evaluation as described in Annex G. B¢fore
measurement, the battery of the DUT shall be replaced by a DC power supply.

T.5.34—Apparatus

The multi-plane apparatus is described in 1.4.4.

T.5.3.5 Procedure

The test procedures for determining the ambient light characterization are the same
procedures as those used to determine total luminous flux and are described in 1.4.4.5. This
procedure needs only to be conducted once per test sample to gather all necessary
information needed to calculate luminous flux (as detailed in Annex |), usable area, work
surface illuminance, and FWHM angles.
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T.5.3.6 Calculations

Since the multi-plane method requires the DUT to be positioned so that its centre point is at a
distance of 0,5 m from the lighting distribution grid surface, the measurements shall be
adjusted by performing the following calculations:

a) Correct for differences in measurement distance by adjusting the illuminance values to the
desired distance for only the measurements on the first surface measured in the multi-
plane method (i.e. the surface containing the point of maximum illuminance). Use the
following formula:

{ ¥
Ev,adj :Ev,surf LysurfJ
Yspec
where
By adj is the illuminance adjusted for distance, in lux (Ix);
H, surf is the measured illuminance on the grid surface, in lux (Ix);
Ykurf is the distance between the centre of the grid surface @nd the DUT during the
test (0,5 m), in metres (m);

Vkpec is the distance at which usable area and work surface illuminance are o be

determined (see T.5.3.3), in metres (m).

b) Qalculate the average of the illuminance adjusted for«distance (Ewadj) over all posgible
regions of the first measured 1 m2 grid surface that are composed of twelve illuminance
vialues in a four by three configuration. The maximum of the calculated averages is$ the
W

ork surface illuminance.

NOTH 1 The work surface dimensions were selected to correspond to two adjacent sheets of A4 paper.

c) Qount the number of illuminance values~g€qual to or greater than the specified minimum
iluminance (see T.5.3.3). Each value ‘corresponds to 0,01 m2. Multiply the numbér of
vialues by 0,01 m2 to obtain the total-usable area. (A maximum usable area of 1,21 m? is

achievable when taking 121 measurements.)

d) Repeat step c) for a range of minimum illuminance values. See Table T.3 for an example
of determining the usable area-for a range of minimum illuminance values.

e) Hlot the usable area as @ function of minimum illuminance. Plot the values for each of the
tested settings on the .same plot. The domain of the plot shall include the maximum

iluminance value _for"the brightest setting. See Figure T.8 for an example of a| plot
showing usable area as a function of minimum illuminance.

f) reate a three-=dimensional surface plot showing the illuminance values on the brightest
surface of4he 1 m2 grid. See Figure T.9 for an example of a three-dimensional sutface
lot.

In onder \to generate polar plots of the distribution and to calculate FWHM angles, the [data
collected” by the multi-plane method will need to be adjusted to estimate the illuminance on
the inner surface of a virtual sphere centred on the DUT’s light source. These calculations are
only valid if the distance from the light source to the illuminance meter is at least five times
the longest dimension of the emissive surface of the DUT. If this condition is not met, the
polar plots shall be generated and FWHM angles determined using the goniophotometer
(T.5.2) or turntable (T.5.5) method.

g) Correct the original, measured illuminance values (E, ¢, for differences in measurement
angle so that the illuminance values represent the illuminance on an imaginary surface
normal to the line connecting the DUT and the illuminance meter:

22yl

surf

E _ Ev,surf _
cosé : Ysurf

vrad —
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where

E\ rad is the illuminance on a surface normal to the line connecting the DUT and the
illuminance meter, in lux (Ix);

Ey surf is the measured illuminance on the grid surface, in lux (Ix);

% is the angle between a line connecting the DUT and the illuminance meter and
a line connecting the DUT and the centre of the grid;

X is the horizontal position of the illuminance meter relative to the centre of the
grid, in metres (m);

z is the vertical position of the illuminance meter relative to the centre of the grid,
in metres (my;

Ykurf is the distance between the centre of the grid surface and the DUT during the
test, in metres (m).

NOTH 2 The coordinate axes are oriented according to Figure 1.1, with the origin at the DUT’s(light source; that is,

at the|
d

h)

this is the set of values lying in the horizontal and vertical planes,-as,described in stg
and j) below.

centre of the grid, x =0,z=0,and y = y_

nly those values that will be used in further calculations need to be-corrected. Typid

istance, so that the illuminance values represent the illuminance on the inner surface

ally,
ps i)

orrect the angle-corrected illuminance values (E, 54) for differences in measurement

of a

sphere of radius R centred at the DUT’s light source{/by adjusting each measured
iluminance value to a constant distance from the DUT using the following formula:
2.2, 2
x“¢z°+
Ey o= Fy rag 2 28Ut
.Sphere v,rad R2
where
Ev,sphere is the illuminance on the virtyal'sphere, in lux (Ix);
B, rad is the illuminance on a_surface normal to the line connecting the DUT and the
iluminance meter, as calculated in g), in lux (Ix);
X is the horizontal position of the illuminance meter relative to the centre of the
grid, in metres (mY;
z is the vertical position of the illuminance meter relative to the centre of the|grid,
in metres (m);
Ykurf is the distance between the centre of the grid surface and the DUT during the
test (0,5 m), in metres (m);
R iss-the distance at which the radial distribution of illuminance is t¢ be
determined (see T.5.3.3), in metres (m).
NOTH 3 Thewnumerator of the fraction in the formula is the square of the distance, in metres, from the illumipance
meter| to/the-DUT.
i) Calewlate-the-horizontalFPAHMangledsing-thefolowing-steps-
1 o

) Identify the illuminance vaIL)Jes n the virtual sphere (£, g nhere) that lie on the horizontal

plane (as defined in T.5.1

that intersects the centre of the brightest surface of the

1 m2 grid (Figure T.1 and Figure T.2). The point of maximum illuminance should fall on

this plane.

2) For each illuminance value in the horizontal plane, calculate the angle between t
axis (as defined in Figure |.1, with the origin of the coordinate system at the centre

point of the light source) and the line connecting the centre point of the DUT’s

he Y

light

source and the location of the illuminance measurement. Tabulate the illuminance

(Ey,sphere) @s a function of angle.

E in the plane identified in step 1).

v,sphere

Calculate the half-maximum illuminance (| 4/2), Which is half of the maximum value of
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4) Linearly interpolate between adjacent illuminance values (as a function of angle) to
identify the regions over which the illuminance E, s is greater than £, 4/5.

5) Calculate the FWHM angle as the total angle subtended by the regions where E ¢;nqre
is greater than E|, /5. If there are multiple regions over which the illuminance is greater
than E| 45, the FWHM angle is the sum of the angles subtended by all such regions. If
there are no points where the illuminance is less than E, /5, the FWHM angle is 360°.
See Figure T.3 for examples.

To calculate the vertical FWHM angle, repeat the previous step using the vertical plane
that intersects the centre of the brightest surface of the 1 m2 grid, as defined in T.5.1.
However, if the distribution in the vertical plane consists of multiple lobes, as in Figure T.4,
the—vertiea A —arete— re—average—hoetthe—Sum—oe+the -3 or—aH-ef the
lobes. Report horizontal and vertical FWHM angles separately.

Rlot the radial distribution of illuminance in the horizontal and vertical planes {as defined
im T.5.1) on two separate polar plots. See Figure T.10 for an example of a polar.plot.

IEC IEC

a) Suspended task lightwith horizontal b) Omnidirectional ambient light with horizontal
FWHM = 119° FWHM = 335°

Maximum illuminance (Ix)

Half-maximum illuminance (Ix)

NOTH The halfz-maximum illuminance (E, ;) is indicated by the dotted line. The illuminance exceeds E, ,, [in the

shaddd areas. The sum of the angles subténded by the shaded areas is the FWHM angle.

Figure T.3 — Radial illuminance distributions in the horizontal plane for
two example products, showing the calculation of the horizontal FWHM angle
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1129 104°

Key
E

v,ma

Ev,1/2

NOTH
shadg

T.5.4
T.5.4

In th
usab
the R

IEC.

Maximum illuminance (Ix)

Half-maximum illuminance (Ix)

The half-maximum illuminance (E, ,,,) is indicated by the'dotted line. The illuminance exceeds E

, 112
d areas. The average of the angles subtended by the shaded areas is the vertical FWHM angle. !

Figure T.4 — Radial illuminance distribution in the vertical plane for an example
omnidirectional ambient light with vertical FWHM = 108°

llluminance on a plane meth'od
A General
is test, the illumination level is measured on a surface of 1 m2. This test measures
le area and work surface’illuminance. If the DUT’s light distribution is sufficiently na
WHM angles can also‘be measured using this method. To measure wider FWHM an

or if
conj
sSusp

plots of the radial illuminance distribution are desired, this method may be use
nction with the,turntable method (T.5.5). This test is appropriate for ambient
ended task lights; ambient lights with very wide-angle or omnidirectional output shou

e DC power supply.

e DC voltmeter or multimeter.

e DC ammeter.

luminance meter.

e Lighting distribution grid testing surface.

T.5.4.3 Test prerequisites

in the

5 the

row,

gles,

d in
and
d be

The product specification may define the distance(s) at which the usable area, work surface
illuminance, and radial distribution of illuminance are to be determined and the minimum
illuminance to be used in the usable area calculation; if not otherwise specified, use a value
of 0,75 m for the usable area and work surface illuminance measurements and 1 m for the
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radial distribution of illuminance. The DUT’s battery voltage and current corresponding to the
average light output over the L, run time are required. The DUT shall be prepared for lighting
evaluation as described in Annex G. Before measurement, the battery of the DUT shall be
replaced by a DC power supply. Measurements shall be taken in a conditioned space such
that the air temperature is 22 °C + 5 °C.

T.5.4.4 Apparatus

The apparatus for this test consists of a 1 m2 measurement target with 121 evenly-spaced
measurement points (10 cm apart), an illuminance meter, and a mechanism to mount the DUT
at the specified distance from the measurement target (see Figure T.5). Testing shall be done
in a [completely dark space, except for ilfumination provided by the DUT. The test opefator
should wear all-black clothing if required to be near to the measurement surface.

IEC
Figure T.5 — Schematic of a task light'suspended above an illuminance meter

T.5.4.5 Procedure
The following steps shall be followed.

a) Supply power to the DUT\using a DC power supply as described in 1.4.1. Follow ppwer
upply guidelines in the power supply set up procedure (Annex H).

b) I{ at the desired yoltage the DUT will not operate in the desired setting, increase the
ower supply veltage by increments of 0,05V until the DUT is able to operate in the
esired setting, then attempt to reduce the voltage to the desired level.

c) Hosition theXDUT as shown in Figure T.5 so that the point of maximum illuminance |is in
the centre of the grid. The distance from the DUT’s light source to the grid shall be gqual
tp the“distance at which the usable area and work surface illuminance are t¢ be

etermined (see T.5.4.3). The DUT need not be suspended vertically; the measurement
rid'may be on a horizontal or vertical surface.

d) Operate the DUT for at least 20 min at the desired setting before the first measurement is
started.

e) Measure illuminance at each of the 121 measurement points on the test plane. However,
iluminance need not be measured for the grid points at which the illuminance is less than
the resolution of the illuminance meter or less than 0,2 % of the maximum illuminance
reading on the grid.

T.5.4.6 Calculations
The following calculations shall be made.

a) Calculate the average illuminance over all possible regions of the 1 m?2 grid surface that
are composed of twelve illuminance values in a four by three configuration. The maximum
of the calculated averages is the work surface illuminance.
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NOTE

1 The work surface dimensions were selected to correspond to two adjacent sheets of A4 paper.

b) Count the number of illuminance values equal to or greater than the specified minimum
illuminance (see T.5.4.3). Each value corresponds to 0,01 m2. Multiply the number of
values by 0,01 m2 to obtain the total usable area (a maximum usable area of 1,21 mZ2 is

a

chievable when taking 121 measurements).

c) Repeat step b) for a range of minimum illuminance values. See Table T.3 for an example
of determining the usable area for a range of minimum illuminance values.

d) Plot the usable area as a function of minimum illuminance. Plot the values for each of the
tested settings on the same plot. The domain of the plot shall include the maximum
iluminance value for the brightest setting. See Figure T.8 for an example of a plot

e) @
S

For products with sufficiently narrow light distributions, FWHM angles can be determined

the i
the i
inne
only
the |
FWH
meth
FWH
turnt

f) U
c
l

g) ¢

=

D)

(&%)

(n

spowmg Usabte area as @ functiom of Timimuum ittomimance

reate a three-dimensional surface plot showing the illuminance values on the entire
ee Figure T.9 for an example of a three-dimensional surface plot.

luminance on a plane method. In order to calculate FWHM angles, the\data collecte
luminance on a plane method will need to be adjusted to estimate thelilluminance o
surface of a virtual sphere centred on the DUT’s light source..These calculationg
valid if the distance from the light source to the illuminance meter is at least five t
ongest dimension of the emissive surface of the DUT. If this~condition is not met
M angles shall be determined using the goniophotometer, (T.5.2) or turntable (T
od. If the FWHM angle cannot be determined because(the distribution is too wide
M angles shall be determined using the goniophotometer (T.5.2), multi-plane (T.5.3
able (T.5.5) method.

sing the formulas in T.5.3.6 g) and h), adjust/the measured illuminance valusg

ght source.
alculate the horizontal FWHM angle using’the following steps:

) Identify the illuminance values on the virtual sphere (£, spnere) that lie on the horiz
plane (defined in T.5.1) that intéfsects the centre of the brightest surface of the
grid (Figure T.1 and Figure T.2). The point of maximum illuminance should fall on
plane.

axis (as defined in Figure 1.1, with the origin of the coordinate system at the DUT
the line connecting the DUT’s light source and the location of the illumin
measurement. Tabulate the illuminance (£, spnere) @s @ function of angle.

) Calculate the half-maximum illuminance (E, 4,2), Which is half of the maximum val
E\ sphere iMthe plane identified in step (1).

) Linearly<interpolate between adjacent illuminance values (as a function of angl
identify’the regions over which the illuminance E, s is greater than £, /5.

grid.

from
d by
n the
are
mes
the
.5.5)
the
), or

s to

alculate the illuminance on the inner surface.of a sphere of radius R centred at the DUT’s

bntal
1 m2
this

) For each illuminance value on the horizontal plane, calculate the angle between the Y

and
ance

e of

p) to

) Lalculate the FWHM angle as the total angle subtended by the regions where E| ¢

phere

is"greater than E, 4,,. If there are multiple regions over which the illuminance is greater

NOTE 2

than E, 4,», the FWHM angle is the sum of the angles subtended by all such regions. If
the illuminance at the leftmost or rightmost point is greater than E, 4,,, the FWHM
angle cannot be determined using the illuminance on a plane method. See Figure T.3
for examples.

To calculate the vertical FWHM angle, repeat the previous step using the vertical plane
that intersects the centre of the brightest surface of the 1 m?2 grid, as defined in T.5.1.
However, if the distribution in the vertical plane consists of multiple lobes, as in Figure
T.4, the vertical FWHM angle is the average, not the sum, of the FWHM angles for all
of the lobes. Report horizontal and vertical FWHM angles separately.

It is unlikely that the illuminance on a plane method would be appropriate for a product having a vertical-

plane light distribution with multiple lobes.
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T.5.5 Turntable method

T.5.5.1 General

2018

This test measures the radial distribution of illuminance at a constant distance from the DUT.
This method may be used in conjunction with the illuminance on a plane method to determine
the FWHM angles, usable area, and work surface illuminance.

T.5.5.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

—

urntable (see Figure T.6) or equivalent apparatus as described in T.5.5.4.

e [OC power supply.

e [lluminance meter.

e [C voltmeter or multimeter.

T.5.5.3 Test prerequisites

The

product specification may define the distance at which,the radial distributio

illumjinance is to be determined; if not otherwise stated, use a value of 1 m. The DUT shs

prep
the

bred for lighting evaluation as described in Annex G. Before/measurement, the batte
DUT shall be replaced by a DC power supply. Mgasurements shall be taken

conditioned space such that the air temperature is 22 °C &5 °C.

T.5.5.4 Apparatus

This
and

DUT
dark

test is performed using a turntable (see Figure T.6). The DUT is placed on the turn
iluminance is measured at the distancer’determined in T.5.5.3 (from the centre o
s light source to the illuminance meter sensor). Testing shall be done in a compl
space, except for illumination provided by the DUT. The test operator should wea

black clothing if required to be near tothé measurement surface.

Ensyre that the centre of the DUT’s light source is at the same height as the illumin
metdr during the test and that{the illuminance meter is positioned at the point of maxi

illum
illum
illum
orill

As
posi

nance. If tilting the DU to position the illuminance meter at the point of maxi
nance would result 'in an inaccurate measurement of the FWHM angle and r
nance distributionS(for example, if the DUT is an omnidirectional ambient light), the
iminance meter-may be raised or lowered instead.

n alternativer to a turntable, an apparatus in which the illuminance meter is rotatg
ioned at points at a constant distance around a stationary DUT may be used.

n of
Il be
ry of
in a

able
f the
tely
r all-

ance
mum
mum
adial
DUT

d or
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T.5.5.5 Procedure

The following steps shall be followed.

b)

c)

d)

e)

f)

IEC

Figure T.6 — Schematic of turntable setup, with-the DUT shown

Supply power to the DUT using a DC power)supply as described in 1.4.1. Follow ppwer
upply guidelines in the power supply setup procedure (Annex H). The distance from the
entre of the DUT’s light source to the*lluminance meter should be equal to the distpnce
t which the radial distribution of illuminance is to be measured (see T.5.5.3).

1 at desired voltage the DUT will\not operate at the desired setting, increase the ppwer
sjupply voltage by increments,6f) 0,05 V until the DUT is able to operate at the desired
setting, then attempt to reduce the voltage to the desired level.

ecure the DUT to the-turntable so that the measured illuminance values lie il the
orizontal plane shown 'in Figure T.1 and Figure T.2, with the illuminance meter a} the
oint of maximum . lluminance. Generally, omnidirectional lighting appliances such as
lanterns can simply\be set on the turntable and secured to prevent movement; for dirgcted
hting appliances, a clamp or other special apparatus is often required to secure the |DUT.
nsure that therDUT cannot move relative to the turntable.

perate the.DUT for at least 20 min at the desired setting before the first measuremgnt is
started.

edsure illuminance levels at least every 10° for the full 360° angle. Howegver,
easurements need not be taken for angles at which the illuminance value is known {o be
less than the resolution of the illuminance meter or less than 0,2 % of the illuminance at
the brightest point. Further, if the FWHM angles are captured after measuring the
iluminance levels over the brightest 180°, additional measurements need not be
performed.

Repeat the procedure with the DUT resting at an orientation normal to the "horizontal"
orientation, such that the measurement points lie in the vertical plane defined in T.5.1. A
special apparatus may be required to secure the DUT in this orientation. Ensure that the
DUT cannot move relative to the turntable.

T.5.5.6 Calculations

The following calculations shall be made.

a)

Calculate the horizontal FWHM angle using the following steps.
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b) To calculate the vertical FWHM angle, repeat the previous step using the measureni
flom the vertical sweep, except that if the distribution in the vertical plane cansis
ultiple lobes, as in Figure T.4, the vertical FWHM angle is the average, net.the sum, of
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1) Calculate the half-maximum illuminance (£, 1,2), which is half of the maximum

illuminance value from the horizontal sweep.

2) ldentify the regions from the horizontal sweep over which the measured illuminance is
greater than E, /5. If the angular resolution of the measurements performed in T.5.5.5
is coarser than 2°, linearly interpolate between measurements (as a function of angle)

to obtain finer resolution.

3) Calculate the FWHM angle as the total angle subtended by the regions where the
measured illuminance is greater than E| 4,,. If there are multiple regions over which
the illuminance is greater than E, 4,,, the FWHM angle is the sum of the angles

subtended by all such regions. If there are no points where the illuminance is less

than

tha EVWWHM asnale-ice 2680° Saao Fiaura T 2 faor avamnlac
ey gre15—9 0 o—o 6T gure——o+0EXaPptesS:

L
LAV T A

ents
ts of

gles

[’Ite FWHM angles for all of the lobes. Report horizontal and verticalh=FWHM ar

separately.

c) Hlot the illuminance values over the "horizontal" and "vertical" sweeéps as two separate
polar plots. See Figure T.10 for an example of a polar plot.

T.5.] llluminance on a desktop method

T.5.6.1 Equipment requirements

The following equipment is required. Equipment shall meet_ the requirements in Table CC.R.

e [OC power supply.

T.5.6.2 Test prerequisites

The
run

Anngx G. Before measurement,ithe battery of the DUT shall be replaced by a DC p
ply. Measurements shall-be-taken in a conditioned space such that the air temperatdre is
22 °C + 5 °C.

sup

T.5.

Figufe T.7 shows.a'side view of the desktop light measuring setup. The test operator sH

weal all-blackictothing if required to be near to the measurement surface. Testing shdll be

don

lluminance meter.

—

ighting distribution grid testing surface.

ime is required. The DUT shall be prepared for lighting evaluation as describe

6.3 Apparatus

g in a campletely dark space, except for illumination provided by the DUT.

DUT’s battery voltage and current corresponding to the average light output over the L,

d in
bwer

ould
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Key

| Hgight of illuminance meter head and desktop light spacer

T.5

The following steps shall be followed.

a)

b)

c)

d)

.6.4 Procedure

: a o=

IEC

Figure T.7 — Side view of desktop light measuring setup

upply guidelines in the power supply set up procedure (Annex H).

{1 at the desired voltage the DUT will not<operate at the desired setting, increass

ower supply voltage by increments of .0,05 V until the DUT is able to operate a
esired setting, then attempt to reduce the voltage to the desired level (Annex M).

perate the DUT at least for 20 minyat the desired setting before the first measuremsg
taken.

lace the DUT on the surface using a spacer to compensate for the height of
iluminance meter head. The height of the spacer shall be equal to the height o
easurement plane of theprilluminance meter (see Figure T.7). The DUT shall be orig
the manner that it would be used by the consumer, to the best of the tester’s al

efined in T.5,46/step b)).

easure the>illuminance at 121 evenly spaced points, 10 cm apart, on a 1 m »

iluminanece value greater than the resolution of the illuminance meter and greater
,2/%-0f the maximum illuminance reading.

T.5.6.5 Calculations

Supply power to the DUT using a DC power supply as described in 1.4.1. Follow ppwer

the
the

nt is

the
the
nted
ility,

sing the provided stand or mounting mechanism, if any. The DUT shall be located at the
osition that the.tester estimates will maximize the usable area that falls on the grid (as

1m

orizontd| grid surface. Measure illuminance levels for the grid points that read an

than

The calculations for the illuminance on a desktop method are identical to the calculations for
the illuminance on a plane method (refer to T.5.4.6). Omit steps f) and g). (Do not calculate
FWHM angles or generate polar plots.)

T.6 Reporting

Report the following in the light distribution test report.

Metadata:
— report name;

— procedure(s) used;
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DUT manufacturer;

DUT name;

DUT model number;

DUT setting;

test room temperature (°C);
name of test laboratory;
approving person;

date of report approval.

esults for tested DUT aspects for samples 1 through n:
drive current (A);
drive voltage at product (V);
waiting time (min);
vertical FWHM angle (°);
horizontal FWHM angle (°);
average usable area through L, (m?2);

work surface illuminance (lux).

verage of n sample results for each DUT aspect tested.
oefficient of variation of n sample results for each DUV aspect tested (%).
omments:
individual comments, as necessary, for samples 1 through #;
overall comments, as necessary, for collective set of samples 1 through n.
ables:
table of illuminance values on.thé'brightest "face" of the 1 m2 grid (see Table T.
an example).
igures:

plot of illuminated area:vs. minimum illuminance (see Figure T.8 for an example);

surface plots of illuminance on a plane and/or polar plots of the radial illumin
distribution (see.Figure T.9 and Figure T.10 for examples).

3 for

ance
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Table T.3 — Table of example illuminance measurements on the brightest "face"
of the 1 m2 grid and usable area as a function of minimum illuminance

Illuminance measurements Minimum Usable
Ix illuminance area
1x m2
13,6 | 17,3 | 21,0 | 24,5 | 26,6 | 27,8 | 26,6 | 22,7 | 19,7 | 16,5 | 13,5 10 1,21
16,9 | 22,1 | 28,0 | 33,5 | 38,5 | 41,1 | 38,1 | 33,2 | 27,7 | 21,5 | 16,6 20 1,06
20,6 | 27,1 | 35,8 | 44,4 | 52,7 | 54,7 | 51,6 | 43,0 | 34,7 | 26,9 | 20,0 30 0,69
24,1 | 32,4 | 44,3 | 57,4 | 69,3 | 74,3 | 68,4 | 55,9 | 42,5 | 32,0 | 23,3 40 0,46
P6,4 | 36,8 | 52,1 | 66,9 | 82,7 | 88,7 | 81,9 | 66,1 | 49,1 | 35,4 | 251 50 0,34
b7,4 | 38,2 | 54,5 | 71,1 | 88,1 | 95,0 | 87,0 | 69,5 | 52,1 | 36,9 | 26,2 60 0424
b7,0 | 36,7 | 51,2 | 66,7 | 81,8 | 87,4 | 80,8 | 64,9 | 49,4 | 34,9 | 24,3 70 012
P4,0 | 32,2 | 43,4 | 56,5 | 66,7 | 70,5 | 66,2 | 55,4 | 41,6 | 30,0 | 22,0 80 0,09
P0,8 | 26,8 | 35,7 | 43,7 | 49,6 | 52,2 | 50,3 | 41,6 | 32,7 | 25,1 | 18,4 90 0,01
7,3 1219|276 | 32,6 | 36,9 | 38,1 | 35,9 | 31,4 | 25,6 | 20,2 | 15,4 100 0,00
3,8 17,0 | 20,3 | 23,3 | 25,6 | 26,1 | 25,4 | 22,6 | 18,9 | 15,2 | 12,3
>
1,4
1,2
1,0 \
0,8 \
. \\
0,4
0,2
0 T T T .
0 20 40 60 80 100 X
IEC
Key

X Minimum illuminance (Ix)

Y Usable area (m2)

Figure T.8 — Example plot of usable area as a function of minimum illuminance
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IEC
Key
X Herizontal position (cm)

Y Vgrtical position (cm)

VA

lminance (Ix)

Figure T.9 — Example of resulting surface plot of light distribution from the brightest
"face" of the multi-plane method or illuminance on a plane method
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Key

X

120° 60°

210° 330°

240° 300°

270°
IEC

iminance (Ix)

Figure T.10 — Example of a polar plotwfithe radial illuminance distribution
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Annex U
(normative)

Physical and water ingress protection test

Background

Ingress protection (IP) testing determines the degrees of protection provided by
enclosures of a product’s components. The IP rating uses two numerals to define the degrees

the

of pretectior—Fhe—firstnumeratidentifftes—the—degree—theBYT—has—protection—against
foreign objects. The second numeral identifies the degree the DUT has protection, ag

ingrg

This

ss of water with harmful effects.

test applies to any components of the DUT that contain electronics’or elec

connections, including the primary components of the DUT, the PV .module, and

appl
spec

ances included with the DUT. Note that the test requirements for .Components mal
ified based on the component category (fixed outdoor, portable lintegrated, por

sepdrate, fixed indoor or PV module) as described in 4.1.2. If_mOre than one ider

com
appl

u.2

The

ponent or appliance is included with the product, only oneZof each set of ider
ances should be tested.

Test outcomes
Wwater exposure and physical ingress protection/test outcomes are listed in Table U.1

Table U.1 — Water exposure and physical ingress protection test outcomes

solid
ainst

rical
any
y be
able
tical
tical

Metric Reporting units Related aspects Notes

IP2X

Pass/fail 4.2.3.5Physical 12,5 mm diameter probe
ingress protection

4,2.3.6 Physical
ingress protection —
solar module

IP3X

Pass/fail 4.2.3.5 Physical 2,5 mm diameter probe
ingress protection

4.2.3.6 Physical
ingress protection —
solar module

IP4X

Pass/fail 4.2.3.5 Physical 1 mm diameter probe
ingress protection

4.2.3.6 Physical
ingress protection —

solar module

IP5x

Pass/fail 4.2.3.5 Physical No ingress of dust
ingress protection

4.2.3.6 Physical accredited to test according to IEC 60529.
ingress protection — Laboratories shall use the procedure in
solar module IEC 60529; no simplified alternative is
acceptable.

Shall be tested by a laboratory that has been

IPx1

Pass/fail 4.2.3.1 Water Vertically dripping water
protection —
enclosure

4.2.3.2 Water
protection — circuit
protection and
drainage
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protection — circuit
protection and

Metric Reporting units Related aspects Notes
IPx3 Pass/fail 4.2.3.1 Water Direct sprays of water from within 60° of vertical
protection —
enclosure
4.2.3.2 Water

drainage
Modified IPx4 Pass/fail 4.2.3.4 Water Splashes of water from any direction
protection — solar
module
IPx Pass/tail 4.2.3.T Water Water projecied in jets
grn%tliztlﬁg - Shall be tested by a laboratory that has beep
accredited to test according to IEC 60529.
4.2.3.2 Water Laboratories shall use the procedurelin
protection — circuit IEC 60529; no simplified alternative is
protection and acceptable.
drainage
U.3| Related tests
Anngx U is related to the level of water protection annex (Ant€x V).
For lighting appliances without batteries, the physical ingress and water protection tept of
IEC TS 62257-12-1 may be used in place of AnnexU) provided that the IEC TS 62257{12-1
test method defines procedures for estimating or_tésting the IP classes for which testing is
needed according to the product specification\yand/or the assessment of level of Water
protgction (Annex V).
U.4| Procedure
uU.4. General
The |IP class may be assessed either by sending samples of the DUT component |[to a
laboratory that has been accredited to test according to IEC 60529 or by estimating the
IP clpss according to the.methods below, except that in the case of testing for IPx5 or |P5x,
the DUT component shall be tested by a laboratory that has been accredited to test according
to IEC 60529. Whentesting for IPx5 or IP5x, laboratories shall use the procedurde in
IEC $0529; no simyplified alternative is acceptable.
u.4.2 IP.testing at a laboratory that has been accredited to test according to
IEC 60529
U.4.21 General

Samples are sent to a laboratory that has been accredited to test according to IEC 60529 to
determine the passing or failing for the desired IP requirements.

U.4.2.2 Guidance on working with external IP testing laboratory

Many international IP testing laboratories will require two samples for testing. These should
be samples that have not been altered in any way.

This

test is destructive. Do not perform any additional tests on the samples after testing.

For water ingress testing, specify to the laboratory that has been accredited to test according
to IEC 60529 how the DUT component shall be oriented during testing. It shall be oriented in
the way that the DUT component is most likely to be used.
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NOTE The test used to assess solar modules for ingress of water with harmful effects is modified from the test
described in IEC 60529. The modified IPx4 assessment for water ingress protection follows the same procedure to
test for IPx4 as described in IEC 60529 with the exception of the angle of spray. In IEC 60529, the solar module is
sprayed at angles + 180° from vertical, while in the modified method described below the solar module is sprayed
at angles + 90° from vertical.

u.4.3 Simplified IP inspection for ingress of solid foreign objects
U.4.3.1 General
The DUT component is visually inspected for protection against ingress of solid foreign

objects to determine the passing or failing result for the desired IP requirement. This method
may he pnrfnrmpd to estimate |P rnfinge 1IP2x |P3x _and |P4x

U.4.3.2 Equipment requirements
The following equipment is required. Equipment shall meet the requirements in_Table CC.R.

e 1mm, 2,5 mm, or 12,5 mm diameter rigid probe.

e (amera.
U.4.3.3 Test prerequisites

The pample tested should have not been altered in any way.

U.4.3.4 Apparatus

No apparatus is required for this test.

U.4.3.5 Procedure

U.4.3.5.1 Procedure for testing DUT component enclosures
Perform the following steps.

a) Before the measurement, be sure that the DUT component is properly functioning and that

if is sufficiently charged to chleck for functionality during the test.

b) If the DUT component (sjrequired to pass IP2x, select the 12,5 mm probe. If the [DUT
component is required to pass IP3x, select the 2,5 mm probe. If the DUT component is
required to pass IP4x;'select the 1 mm probe.

c) HBxplore the DUT component’s entire surface to test for penetration with the selected probe.

d) I the 12,5 mm" probe can enter a part of the DUT component’s enclosure that contains
glectronic~components, electrical connections or circuits, with minimal force, the [DUT
component is estimated to fail the IP2x assessment.

e) I the.2,5 mm probe can enter a part of the DUT component’s enclosure that confains
gléctronic components, electrical connections or circuits, with minimal force, the [DUT
component is estimated to fail the IP3x assessment.

f) If the 1 mm probe can enter a part of the DUT component’s enclosure that contains
electronic components, electrical connections or circuits, with minimal force, the DUT
component is estimated to fail the IP4x assessment.

g) If the probe can enter an external jack, this is not considered a failure, unless it can enter
the DUT’s enclosure through the external jack. Document any failures with photographs
and text.

U.4.3.5.2 Procedure for testing a product’s external solar module (if applicable)

PV modules that have been tested according to and meet all requirements of the IEC 61215
series need not be tested using this procedure. Test results provided by the manufacturer of
the DUT may be accepted if the tests were performed at a laboratory accredited to perform
the tests by a recognized accrediting body (e.g. an ILAC MRA signatory, to ISO/IEC 17025).
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grated solar modules that were tested as part of the DUT need not undergo this test,

except in cases similar to the roof light described in c).

a)

b)

f)

Before the measurement, be sure that the solar module is properly functioning and that
the enclosure and/or junction box has never been opened previously.

Most solar modules need only to be assessed for IP3x; however, if the module fails the
IP3x assessment, it should also be assessed for IP2x. To estimate IP3x, select the
2,5 mm probe; to estimate IP2x, select the 12,5 mm probe.

Explore the solar module’s entire surface to test for penetration with the selected probe.
For a product that is designed to be installed on the roof with the main unit attached inside

{ the 12,5 mm probe can enter a part of the solar module’s enclosure that” confains
dlectronic components, electrical connections or circuits, with minimal force, the solar
odule is estimated to fail the IP2x assessment.

I{ the 2,5 mm probe can enter a part of the solar module’s enclosure that confains
glectronic components, electrical connections or circuits, the solarmodule is estimated to
fail the IP3x assessment for ingress of solid foreign objects.

I{ the probe can enter an external jack, this is not considered a-failure, unless it can ¢nter
the solar module’s enclosure through the external jack:s._Document any failures [with
photographs and text.

NOTH Since the solar module junction box is not opened until {he enclosure inspection steps below, it |s not
alwayp possible to determine whether the DUT passes or fails thistest until after the enclosure inspection|steps

are p¢rformed.

h)

visual inspection.

U.4.

u.4

Hnclosure inspection: Open the junction box;or PV enclosure of the solar module to
determine if a circuit board or other sensitive electronics are present. (This cap be
destructive.) If no circuit boards or sensitive electronics are present or if the junction box
or PV enclosure is completely potted with silicone or similar sealant, the solar modyle is
gstimated to pass for protection frorpswater ingress and the tester does not need to asjsess
the solar module for water ingress)'Simple screw terminals or a single diode, not soldered
to a circuit board, need not be Considered "sensitive electronic components". Any pr|nted
circuit board shall be considered "sensitive".

I{ a circuit board or other'sensitive electronic components are present within the jungtion
blox or PV enclosure, the“water ingress test should be conducted on a new solar mqgdule
mple that has not.been opened.

8.6 Calculations

dalculations)rare made for the ingress of solid foreign objects IP test performed thrpugh

Simplified IP preliminary inspection for ingress of water with harmful effects

4.1 General

The DUT component is visually inspected for protection against ingress of water with harmful
effects to determine if it is likely to pass or fail with respect to the desired IP requirement.
This method may be performed to estimate IP ratings IPx1, IPx3 and a modified |IPx4.

NOTE The test used to assess solar modules for ingress of water with harmful effects is modified from the test
described in IEC 60529. The modified IPx4 assessment for water ingress protection follows the same procedure to

test

for IPx4 as described in IEC 60529 with the exception of the angle of spray. In IEC 60529, the DUT is sprayed

at angles £180° from vertical, while in the modified method described below the DUT is sprayed at angles +90°
from vertical.

U.4

4.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.
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Controlled water source.

Camera.

U.4.4.3 Test prerequisites

This test is destructive. Do not perform any additional tests on the sample after testing. The
sample tested should have not been altered in any way.

U.4.4.4 Apparatus

No apparatus is required for this test.

U.4.4.5 Procedure

U.4.4.5.1 Procedure for testing DUT component enclosures

a) Before the measurement, be sure that the DUT component is properly functioning and that

if is sufficiently charged to check for functionality during the test.

b) The DUT component should be oriented in the way that it is miost likely to be ysed.
eference the product’'s packaging, user’'s manual, and/or website to determineg the
rientation in which the DUT component is most likely to befused. Record the selgcted
rientation.

c) If the DUT component requires passing IPx1, sprinkleswadter from the controlled water

d)

U.4.4.5.2 Procedure for testing a product’s external solar module (if applicable)

PV

spurce over the DUT component so that the waters drops are vertical to the |DUT
mponent. The water flow rate should be close to{t mm/min. Let the water drip over the
UT component for 10 min while rotating the DUI component at approximately 1|rpm
bout its vertical axis. The distance between the‘water source and DUT component should
e approximately 0,2 m.

I{ the DUT component requires passing IPx3, spray water from the controlled water sdurce
ver the DUT component in all practical directions at an angle less than or equal tq 60°
flom vertical. The water flow rate should be close to 10 I/min. Spray the water ovef the
UT component for approximately,<{¢émin per square metre of enclosure surface area ffor a
inimum of 5 min. The distance between the water source and the DUT should be
etween 0,3 m and 0,5 m.

fter sprinkling or spraying-water over the DUT component, dry the enclosure’s exferior
ith a towel without moving the DUT component from its orientation during testing.

nclosure inspectioniWhile keeping the product in the same orientation from testing, ppen
the enclosure with the proper screwdriver(s) or other devices. If any water is found within
ny compartment holding electronic components inside the enclosure, the DUT compdnent
es not pass\the required IP class for ingress of water with harmful effects. Document
ith photographs and text.

oddles that have been tested according to and meet all requirements of IEC 6121% (all

parts) need not be tested using this procedure. Test results provided by the manufacturer of
the DUT may be accepted if the tests were performed at a laboratory accredited to perform
the tests by a recognized accrediting body (e.g. an ILAC MRA signatory, an ILAC MRA
signatory, to ISO/IEC 17025). Integrated solar modules that were tested as part of the DUT
need not undergo this test, except in cases similar to the roof light described in c).

a)

Be sure that before the measurement, the junction box of another sample’s external solar
module has already been opened to determine if a circuit board or other sensitive
electronics are present. (This can be destructive.) If no circuit boards or sensitive
electronics are present or if the junction box is completely potted with silicone or similar
sealant, the solar module passes for protection from water ingress with harmful effects
and the tester does not need to further assess the solar module for water ingress.

Before the measurement, be sure that the solar module is properly functioning and that
the enclosure and/or junction box has never been opened previously.
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c)

Place the solar module with the active PV area facing up on a smooth, solid, flat surface
that is tilted at a 10° angle from the horizontal (Figure U.1). The DUT should be placed in
the least favourable orientation on the surface. The placement is intended to resemble
common rooftop installations and allow for the possibility that water would run behind the
module. This will typically be accomplished by allowing the PV cord to rest under the
frame as could occur when installed. For a product that is designed for its solar module to
be installed on the roof with the main unit attached inside the structure directly below,
install the unit as per the product’s instructions on a smooth, solid, flat surface.

NOTE 1 The least favourable orientation is typically the one in which the cable exits the junction box on the
upslope side.

Key

S W N

e)

f)

/ / ;

IEC

S¢lar module cable
S¢lar module

Flpt surface

-

g° incline

Figure U.1 — Side view of the apparatus for testing an external
solar module for protection against water ingress

Ypray water from the controlled, water source over the solar module in all pragtical
irections (at angles up to 90° from vertical). The water flow rate should be cloge to
10 I/min. Spray the water over the solar module for approximately 1 min per square metre

enclosure surface area foria minimum of 5 min. The distance between the water squrce
nd the solar module should-be between 0,3 m and 0,5 m.

fter spraying water over’ the solar module, dry the solar module’s exterior on all gides
ith a towel without.tiking the solar module.

pen the junctien box or the solar module’s enclosure protecting its electfonic
mponents with-the proper screwdriver(s) or other devices. (This can be destructive.

NOTH 2 Some.external solar modules do not have a typical junction box, but rather the connections are within an

enclogure around the module itself.

g)

fter(opening the solar module’s junction box or enclosure, note if there are any unsgaled
enetrations around the solar module’s frame through which water reaches the alctive

4 HP | £ 41 1 P |
rmatcriarl vl urc suiarl 1mrouuic.

h) If no water is found inside the junction box, enclosures or any unsealed penetrations, the

solar module is estimated to pass for modified IPx4 protection from water ingress with
harmful effects.

If any water is found on electronic components inside the junction box, enclosures or any
unsealed penetrations, document with photographs and text. For the DUT to pass,
electronic components and the active material of the PV module shall be adequately
protected according to the technical aspects outlined in Annex V. Adequate protection is
evaluated by an organization with expertise in product design, failure analysis, energy
systems, and general engineering practices. This requirement cannot be met through
labelling or consumer-facing documentation.
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Calculations

No calculations are made for the ingress of water with harmful effects IP test performed
through visual inspection.

u.5

Reporting

Report the following in the water exposure and physical ingress protection test report.

Metadata:

esults for tested DUT aspects for samples 1 through

omments:

igures:

report name;
procedure(s) used;
DUT manufacturer;
DUT name;

DUT model number;
name of test laboratory;
approving person;

date of report approval;
component name.

IP levels tested and ratings for the ingress of solid foreign objects;
IP levels tested and ratings for the ingress.of water with harmful effects;

Result of enclosure inspection of PV module junction box; specify if a circuit boa
other sensitive electronics are present’and if junction box is completely potted
silicone or similar sealant.

pass/fail for the IP rating for the ingress of solid foreign objects, if applicable;
pass/fail for the IP rating forthe ingress of water with harmful effects, if applicable

individual comments{as 'necessary, for samples 1 through »;

overall commentsy as necessary, for collective set of samples 1 through n.

photographs.to evidence the ingress of solid foreign objects or water, as necessary.

rd or

with
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Annex V
(normative)

Level of water protection

Background

The enclosure of a solar lighting product can prevent water and solid foreign particles from

comi
(eleg
throy
the &

Alter
alter

consjumer, thereby increasing consumer access to modern lighting téchnology. Ann

outli
com

Anng

elecfronic components. Rather, Annex V provides a framéwork to assess the likelih

durin
expag

V.2

The
prote

a)

b)
c)
d)

N
€
d
F
F
r
e) H
V]

The

ng in contact with internal electronic circuits, components, wires, and battery compon

gh ingress protection (IP) as outlined in Annex U. IP testing does not, however, ‘as|
ctual or potential damage caused to electronic components by water exposure,

nate means of protection exist for electronic components exposed to,water. T
hate means can allow manufactures to reduce the cost of their product(s) to

nes procedures for assessing overall water exposure protection based on IP test re
bined with alternate protection means.

x V does not attempt to characterize the damage caused by water exposure to sens
g the service life of a product, that unprotected intekrnal electronic components wil

sed to water that could negatively affect product operation.

Test outcomes

procedures in Annex V may be used.te<éstablish a DUT component’s water expd
ction level. The five levels are:

lo protection — The product has no~water protection and could be damaged by any
xposure.

Dccasional rain — The produet-can be exposed to occasional light rain without damage.

requent rain — The product can be exposed to frequent rain without damage.

ermanent rooftop installation for PV modules — (solar modules only) when installed
pof, the product’s-selar module can be exposed to frequent heavy rain without damad

ermanent outdoor exposure — The product can be exposed to frequent heavy
ithout damage:

water exposure and physical ingress protection test outcomes are listed in Table V.1.

ents
ined
ess

hese

the
ex V
sults

itive
ood,
Il be

sure

vater

on a

rain
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Table V.1 — Water exposure and physical ingress protection test outcomes

Metric Reporting units Related aspects Notes
Overall level Qualitative (from | 4.2.3.1 Water protection — This is the level of water protection
of water list above) enclosure that is achieved when considering
protection ) . user instructions and labels in
4.2.3.2 Water protection — circuit addition to the technical elements of
protection and drainage the product.
4.2.10.1 Product and manufacturer
information
4.2.2.7 Packaging and user’s
manual information
Technical Qualitative (from | 4.2.3.1 Water protection — This is the level of water protection
leve| of water | list above) enclosure provided by only the technical
protgction ) . elements of the product= the
4.2.3.2_Water prot_ectlon — circuit enclosure, circuits, and other
protection and drainage physical aspects.
4.2.3.4 Water protection — solar
module
4.2.10.1 Product and manufacturer
information
Enclosure- Qualitative (from | 4.2.3.1 Water protection — This, only refers to the IP rating gf
only|level of list above) enclosure the enclosure.
watgr
protction 4.2.3.4 Water protection — solar
module

V.3

Anng

Related tests

visual screening (Annex F).

V.4

The
the @

Asssg
orga
engi

Asssg
infor
user

Laboratory requirements

x V is related to the water exposure and‘physical ingress protection test (Annex U) and

assessments in Annex \L-are typically done by an organization with broad experienge in
ff-grid lighting sector, including technical and field experience.

ssments regarding-the technical level of water protection should be completed by an
nization with expertise in product design, failure analysis, energy systems, and general
neering practices.

ssments./of the overall level of water protection (incorporating consumer labglling
mation) should be completed by a committee with expertise in communication and| end
behaviour in the off-grid lighting market.

V.5

V.51

Procedure

General

The following procedures establish a product’s level of water protection. All of the procedures
in Annex V require an IP test result as specified in Annex U. Additional factors, such as
product labelling or specific product design features,
determining the level of water protection.

may also be considered when
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V.5.2 Level of water protection for enclosure only

This procedure uses a product’s IP rating, and only its IP rating, to determine the level of
water protection. No other tests are required. The level of water protection by IP rating is

dete

rmined according to Table V.2.

Table V.2 — Enclosure-only level of water protection requirements

Enclosure level of water protection IP rating requirement
No protection IPx0
Frequent rain IPx3
Permanent rooftop installation for PV modules Modified IPx4
Permanent outdoor exposure IPx5
NOTE The modified IPx4 assessment for water ingress protection follows \the same
procedure to test for IPx4 as described in IEC 60529 with the exception of the-angle of spray.
IEC 60529 requires that the DUT be sprayed at angles £180° from vertical, while’the modified
method described below requires that the DUT be sprayed at angles £90° fronY vertical.

V.5.3 Level of water protection from technical aspects

V.5.3.1 General

This
level
The

]
—

procedure describes an assessment of the technical aspects of a product to establis
of water protection that is achieved by a product from an engineering design standp
Bspects included in this holistic assessment are:

ne enclosure,

rcuit design and protection,

C
. 'r]:ternal draining,

anufacturing processes, and

e other innovative approaches.

The
tech

overall product desSign shall be assessed on a case-by-case basis to determine
hical level of waten protection. The assessment includes information from lab tests,

experience, and stdtements supplied by the manufacturer.

The
man
tech
dem

manufactdrer is responsible for providing information about product design
Ifacturerthat is part of a water protection strategy. This information is used to establ
nical” level of water protection for the product. Manufacturers that success
bnstrate additional water protection may have the enclosure-only level of water prote

b, (Toalhla \/ O\ inavaacand Wy Al laval Ear Avoranlas o A~e~A,

n the
oint.

the
field

and
sh a
fully
ction

cate

ot o, e fen
JUTYy (T aotC— Vv Z ) mioTCaoSCU— Uy UTTC— 1T VoI I U CATTTTPTC, o prodoor ay (itove—ITom

"no

protection" to "occasional rain," from "occasional rain" to "frequent rain," or from "frequent

rain"

to "permanent outdoor exposure" (Table V.3).

Solar modules that fail the modified IPx4 test (U.4.4.5.2) may also achieve the permanent
rooftop installation for PV modules category if the manufacturer successfully demonstrates
that the sensitive electronic components (as defined in U.4.3.5.2) have additional water
protection.
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Table V.3 — Adjusted level of water protection for products

with additional technical water protection

Enclosure-only level of
water protection

Technical level of water
protection

Requirement

No protection (IPx0)

Occasional rain

Assessment indicates the enclosure and other

equivalent to IPx1 protection.

technical aspects will protect from occasional rain,

Occasional rain (IPx1)

Frequent rain Assessment indicates the enclosure and other

equivalent to IPx3 protection.

technical aspects will protect from frequent rain,

Frequent ramn (IPX3)

Permanent outdoor
exposure

Assessment ndicates the enclosure and other
technical aspects will protect from permanent

protection.

outdoor exposure, typically requiring ancencloqure
with at least IPx3 protection and additional cirguit

The splar module failed the
modifled IPx4 test

Assessment indicates the enclosure and other
technical aspects will protectthé module from

Permanent rooftop
installation for PV modules

(U.4.4.5.2) (Modified IPx4) permanent outdoor exposure in the context of A
rooftop installation, equivalent to a modified I1Fx4
protection.

V.5.3.2 Gathering product design information from lab’testing

Resylts and observations from the following tests are relevant for this assessment:

V.5.3.3

Annex U (physical and water ingress protection test);

Annex F (visual screening).

Gathering field and experiential@nformation

Information from field trials and using samples of the product in a variety of environm
conditions may supplement other informyation and provide unique, targeted insights.

bntal

V.5.3.4 Gathering product.design information from the manufacturer

V.5.3.4.1 General

The | manufacturer is «responsible for providing information about product design |and
manyfacturing that is(part of a water protection strategy.

Ask the manufacturer to provide product design data and explanations justifying a techpical
levell of water-protection. This data should include the following.

a) Writtén,*descriptions of the product design elements and materials that will protect the

dircdit components from water exposure damage.

on.

ircuit

b) Photographs or video clips showing the relevant design features.

c) Specification sheets for materials used for protection.

d) Written descriptions of protection for each circuit component in V.5.3.4.2.

e) Written descriptions of relevant manufacturing processes employed for circuit component
protection.

f) Written descriptions of quality control processes relevant to circuit component protecti

g) Descriptions of tests performed by the manufacturer to demonstrate protection of ¢
components from damage caused by water exposure.

V.5.3.4.2 Circuit design information

The relevant circuit components to provide information about include:
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a) printed circuit boards,

b) c

omponent solder joints,

c) wire to board solder joints,

d) wire to board connectors,

e) wire to battery terminal solder joints,

f) wire to battery terminal connectors,

g) LED components, and

h) switch components.

V.5.3.4.3 Manufacturing quality control information

The |manufacturer should describe quality control processes that are in place |10 en

cons

V.5.]

Poly
com
to li

appl
V.5.3

Oth¢
For

colle
man
in Ta

V.5.]

The
each

The
a pie
supp
conf

istent application of coatings, use of gaskets, etc.
.4.4 Water resistant coatings
mer coatings on printed circuit boards, wire solder joints, connectors, and elect

bonents have been shown to reduce or eliminate the negativeCeffects of water expg
e electronic circuit elements. In order to be effective, these\coatings shall be pro
ed to clean substrates in a quality controlled manufacturing_process.

.4.5 Novel design approaches

r means are available to protect electronic components from water exposure dam
bxample, the product could be designed to .allow water to drain from the case ang
ct on circuit components. These novel appreaches shall be outlined and explained b
ifacturer with supporting documentation justifying a level of water protection as out

ble V.3.
.5 Assessment of technical level of water protection
final assessment of the technical level of water protection should include information

of the sources listed above,

pssessment details should include an evaluation of protection for critical component
ce by piece basis&Reference should be provided where appropriate to the manufac
lied data. See-Table V.4 for an example product where the manufacturer is
brmal coatings and silicone sealants to protect internal circuit components:

sure

ronic
sure
berly

age.

not
y the
ined

from

s on
turer
sing
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Table V.4 — Example detailed assessment supporting technical level of water protection

Circuit component

Method of
protection

Manufacturer
reference material

Notes

Printed circuit boards

Conformal coating

Pcb_coating1.jpg

Component solder joints

Conformal coating

Pcb_coating2.jpg

connectors

Wire to board solder joints None Wire to board solder joints are
not sealed or encapsulated

Wire to board connectors N/A None used

Wire to wire connectors N/A None used

Wirg to battery terminal Silicone encapsulant Battery_coating1.jpg

soldpr joints

Wirg to battery terminal N/A None used

LED|components

Case design

LED_lens1.jpg

Manufacturer statement

Switch components

None

Switchris'not sealed

V.54

V.5.41 General

Overall level of water protection

The |overall level of water protection assessment accounts for consumer labelling|and
instrpctions in combination with either the technical orenclosure-only level of water proteftion.

If appropriate consumer information is provided;\the level of water protection is increpsed
relat|ve to the technical or enclosure-only findings.

This|assessment shall not result in an_increase to the permanent outdoor exposure Ievel,
sincg products that are permanently miounted outdoors are not protected from water by the

end {ser.

Table V.5 lists the requirements for assessing the overall level of water protection.

Table Vi5 — Overall level of water protection requirements

or

Technical levelfof'water protection

Enclosure-only-level of water protection

Overall level of water

protection without
consumer labelling

Overall level of watelr]
protection with consu
labelling

er

Permanent outdoor exposure

No grotection Same Occasional rain
Occasional rain Same Frequent rain
Freduentfain Same Same
Permanent rooftop installation for PV modules Same Same
Same Same

V.5.4.2

V.5.4.2.1 General

Assessing consumer labels and information

Subclause V.5.4.2 describes a framework for assessing consumer labels and instructions for

appropriateness.

The overall requirement for consumer labels and instructions is that the communication
strategy should be designed and implemented so that a typical user understands both the
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degree of protection from water for the product and what they should do to maintain the
product in an instance of water exposure.

The factors to consider are:

e language and literacy of expected end users,
e prominence of information, and

e clarity of presentation.

V.5.4.2.2 Gathering information on water protection messages

Information from visual screening (Annex F) and additional inspection of the packaging“should
be uged to establish the messages to buyers and end users concerning water protection.

Potential locations (not inclusive) of information:

—

abels and pictograms on packaging.

]:structions in the users manual.
e Ipformation on the warranty card.

e Advertising and media.
V.6 | Reporting

Report the following in the equivalent IP water exposure protection report.

e Metadata:
- name of test;

- procedures used to qualify for level of water protection (IP rating, labelling and/or
product design);

- DUT manufacturer;

- DUT name;

- DUT model number;

- name of test laboratory;
- approving person;

- date of report-approval.

e Main findings:

overall'level of water protection;

technical level of water protection;

——erctosure-onty tevetof water protectiom:
e Supporting information:
— |IP rating for enclosure;
— description of other technical approaches (if applicable);

— suitability of consumer labelling for communicating level of technical water protection
and steps to protect the product.

e Manufacturer supplied data (Include all manufacturer supplied data in the test report).

e Assessment of manufacturer supplied data.
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Comments:

— individual comments, as necessary, on the specific material provided by the
manufacturer demonstrating an equivalent IP level protection;

— overall comments, as necessary, for the collective set of materials provided by the
manufacturer demonstrating an equivalent level of IP protection.
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W.1

Annex W
(normative)

Mechanical durability test

Background

The mechanical durability test captures the DUT’s robustness in withstanding the rigors of
expected daily usage. The mechanical durability test includes the drop test, the switch and

ad-th $e

con

appl
addi

ectortestthe—gooseneckandmovingparttest{if-appteabltey—and-the—strainretef+
cable). This test should be conducted on all appliances included with the DU
ion to the primary components of the DUT.

During the drop test, the DUT is dropped from a height of 1 m onto a concrete surface.

num
sam

per of times each sample is dropped depends on the type of component-and numb
ples required for testing. During the switch and connector test,.gach switch a

connector of the DUT sample is cycled. The gooseneck and moving part test is
conducted on DUT samples with goosenecks or moving parts, and _it\tequires the goose

or o
Swit

her moving part of the DUT sample to be bent through its-feasible range of us
Ches, connectors, goosenecks and moving parts that are~intended for regular uss

cyclgd 1 000 times, while any of these mechanisms that ar€, expected to be used prim
during installation are cycled only 100 times. (Product specifications may require addit
cyclgs.) The strain relief test involves attaching a 2 kg weight onto any permanently atta
cabl¢ ends (i.e. cable ends without connectors) for60 s at three different strain an

Thro
pres

W.2

The

ughout all four tests, the DUT sample is examined for functionality, damage, ang
bnce of user safety hazards.

Test outcomes
est outcomes of the mechanical durability test are listed in Table W.1.

Table W.1.+ Mechanical durability test outcomes

test (if

I, in

The
er of
nd/or
only
neck
age.
are
arily
onal
ched
gles.
the

hazard(s) present

Metric Reporting units Related aspects Notes

Drop test sample functionality Yes/no 4.2.3.7 Drop resistance -
Drop test user safety hazard(s) Yes/no, description | 4.2.3.7 Drop resistance --
present

Drog test sample-damage Yes/no, description | 4.2.3.7 Drop resistance -
Swi?:h and connector test cycles Cycles 4.2.3.9 Connector durability --
achipved 4.2.3.10 Switch durability

Swit;h anq connector test sample Yes/no 4.2.3.9 Connector durability -
functromatity 4.2.3.10 Switch durability

Switch and connector test user safety | Yes/no, description | 4.2.3.9 Connector durability -

4.2.3.10 Switch durability

Switch and connector test sample Yes/no, description | 4.2.3.9 Connector durability --
damage . -

4.2.3.10 Switch durability
Gooseneck/moving part test cycles Cycles 4.2.3.8 Gooseneck and moving
achieved part durability
Gooseneck/moving part test sample Yes/no 4.2.3.8 Gooseneck and moving --
functionality part durability
Gooseneck/moving part test user Yes/no, description | 4.2.3.8 Gooseneck and moving -
safety hazard(s) present part durability
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Metric Reporting units Related aspects Notes
Gooseneck/moving part test sample Yes/no, description | 4.2.3.8 Gooseneck and moving --
damage part durability
Strain relief time achieved for each Seconds (s) 4.2.3.11 Strain relief durability --

weight and strain angle

Strain relief test sample functionality Yes/no 4.2.3.11 Strain relief durability --

Strain relief test user safety hazard(s) | Yes/no, description | 4.2.3.11 Strain relief durability -
present

Strain relief test sample damage Yes/no, description | 4.2.3.11 Strain relief durability --

W.3| Related tests
Anngx W is not related to any of the other annexes.

For lighting appliances without batteries, the mechanical durability tests-0f JEC TS 62257412-1
may |be used in place of Annex W.

W.4| Procedures

w.4n Drop test
w.4.1.1 General

The DUT sample is dropped on six different sides.from a height of 1 m onto a level congrete
surfgce and examined for functionality, user_safety hazards, and damage. The number of
time$ each sample is dropped depends onqthe type of component and number of sanjples
requjred for testing.

W.4.1.2 Equipment requirements

The pamera is required.

w.4.1.3 Test prerequisites

At the start of the drop,test, the DUT samples shall be minimally altered (ideally unaltered),
fully functional, and have sufficient charge to check for functionality throughout the test.

If the DUT samples have multiple units or components, determine an appropriate order td test
the parts that‘need to undergo the drop test. Portable DUT samples or sample compor|ents
(e.g.} tonches, lanterns, desktop lamps, etc.) shall be drop tested. DUT samples or sample
partg
lighti —+a - z
less rigorous criteria as outlined in the following sections.

DUT samples or sample parts that are intended to be stationary (e.g. separate control boxes,
lamp units intended to be mounted) and PV modules do not need to be drop tested. Portable
appliances that are not typically expected to meet the same durability standards, such as TVs,
do not need to be drop tested.

This test is destructive. Do not carry out additional tests with the tested samples.
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W.4.1.4 Apparatus

The drop test should be performed in a location with a smooth, level concrete surface with
ample space to avoid personal injury from a DUT projectile (e.g. glass or plastic shards). A
height of 1 m shall be established from the ground to begin the drop.

W.4.1.5 Procedure

The following steps shall be followed.

a) Drop the DUT sample from a height of 1 m as indicated below:

)

For testing portable lighting components, drop the DUT sample six times — once on
each of the six "faces" of the product, taking care to drop the DUT sample on-parts

deemed mechanically weak (e.g. handles, loose parts). Using the three-dimens

onal

system shown in Figure W.1, the DUT should be rotated after each drgp as follows:
The DUT sample is rotated by 90° along the x-axis following each afy\the first three

drops, rotated by 90° along the y-axis from its initial drop orientation\for the fifth
and rotated 180° along the y-axis from its fifth drop orientation for the sixth drop.

rop,

Z
A

IEC

Figure W.1 — Three-dimensional Cartesian coordinate system for drop test reference

i)

4) For testing non-lighting portable appliances (radios, razors, etc.):

If the product specification requires testing six samples, drop each samplg| two
times—onte on each of two of the six "faces,", taking care to drop the sample on
parts) deemed mechanically weak (e.g., handles, loose parts, etc.). Rotatd the
angle of drop between samples so that after the sixth sample, all six sides have
been tested twice.

If the product specification requires testing four samples:

i)

—  Drop each sample two tuimes—once on each of two ol the six 1aces’ of the
product, taking care to drop the sample on parts deemed mechanically weak
(e.g., handles, loose parts, etc.). Rotate the angle of drop between samples so
that after the third sample, all six sides have been tested once.

— The fourth sample should be used for verification. If any of the first three
samples sustained major damage during drop testing, the sides on which they
were dropped should be re-tested with the fourth sample. If none of the first
three samples sustained major damage, the fourth sample may be dropped on
two sides with parts deemed mechanically weak.

If the product specification requires testing two samples (e.g. when conducting two
concurrent ISM tests or an AVM test), drop each sample two times—once on each
of two of the six "faces," taking care to drop the sample on parts deemed
mechanically weak (e.g., handles, loose parts, etc.). Rotate the angle of drop
between samples so that after the second sample, four of the six sides are tested.
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iv) If the product specification requires testing only one sample (such as for the ISM),
drop the sample six times—once on each of the six "faces," taking care to drop the
sample on parts deemed mechanically weak (e.g., handles, loose parts, etc.).

It is recommended to drop the non-lighting appliance sample six times during a one-
sample test for informative purposes only. If the test is being used for other purposes,
such as program entry or qualification for subsidies, it may be more appropriate to only
consider the results from the first two drops.

For radios, the antenna should not be extended.

b) After each of the drops, examine the DUT for functionality, the presence of user safety

hazards (e.g. glass shards, short circuits), and damage and record the observations with
descriptions and photographs. Superficial damage (minor scrapes or "popped]| off"
domponents that can easily be put back in place) shall not be noted; only note /damage
that is permanent and non-superficial. Similarly, if only simple repairs are srequirgd to
maintain the functionality of the product (a broken casing can be taped or¢a compdnent
dan easily be put back into place), then the sample shall still be consideredyfunctional

W.4./1.6 Calculations

No cplculations are made for the drop test.

W.4.R Switch and connector test
W.4.2.1 General

Each DUT sample switch and/or connector intended €or regular use is cycled 1 000 tjmes
(unlgss otherwise specified in the product specification) and examined for functionality, Juser
safely hazards, and damage. Each DUT sample switch and/or connector that is expected to
be used primarily during installation is cycled100 times (unless otherwise specified in the
prodpuct specification) and examined for functienality, user safety hazards, and damage.

The [following examples may be used as‘guidelines to determine which category appli¢s to
each switch and/or connector.

n

. witches/connectors used primarily during installation:

- A safety disconnect swit¢h or circuit breaker that is turned on during installation| and
only turned off for maintenance

- Connectors dedicated to light points that are specifically designed and explicitly s{ated
to be for permanent installation and are not intended to be relocated after installatipon

- Connections'between a light point and an extension cable.

e Jwitches/connectors intended for regular use:

Connectors to be used in USB ports

Switches for light points or ports

Maoin
LAALZ RN

W.4.2.2 Equipment requirements

A camera is required.

W.4.2.3 Test prerequisites

At the start of the switch and connector test, the DUT samples shall be fully functional and
have sufficient battery charge to check for functionality throughout the test.

This test is destructive. Do not carry out additional tests with the tested samples, with the
exception of the gooseneck and moving parts test, the strain relief test, and the drop test (if
the DUT samples are still functional after the switch and connector test).
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W.4.2.4 Apparatus

No apparatus is required for the switch and connector test.

W.4.2.5 Procedure

The following steps shall be followed.

a)

b)

d)

W.4.2.6 Calculations

No cplculations/are made for the switch and connector test.

W 4 4 Canara ]
Nl PR~ | oeTreTar

Cycle each of the DUT sample’s unique switch(es) and/or connector(s) 1 000 times or 100
times, or as specified in the product specification, depending on the expected use of the
switch or connector. This test can be done manually or by using a mechanical device. A

yrigte-switeh-ereennectoris—eonre—thatisnotidenticalto—any-otherswiteh-ereonneetor of
the DUT. If the DUT has two or more identical switches or connectors, only one of’those
ifdentical switches is considered unique and shall be cycled. A cycle consists of actuating
d switch through all possible positions or mechanical states or fully inserting and.remaving
d connector; at the end of the cycle, the switch or connector should be'in the game
mechanical state as at the start of the cycle. For example:

- For a slide, rocker, rotary, or toggle switch with three positions, a‘Cycle could start in
position 1 and cycle through positions 2, 3, 2, and back to 1;

- For a momentary pushbutton switch, a cycle consists of pressing and releasing the
button once, even if the product changes state (e.g., brightness setting);

-{ For a mechanically latching (push-on-push-off) switch/a‘eycle consists of pressind and
releasing the button twice to return the switch to its initial mechanical state.

I{ the DUT has at least two identical switches or connectors and more than one DUT is
being tested (e.g. six DUTs are tested using the QTM), the selection of the unique syitch
dr connector to be tested within the set of identical switches or connectors on any sjngle
OUT shall rotate between the identical switches or connectors (e.g. if a product hag six
identical barrel plug sockets and the product.s undergoing QTM testing, each DUT should
ave a different barrel plug socket tested).

damage is observed during the testing, record the observations with descriptions| and
hotographs. Superficial damage-(minor scrapes or "popped off" components that| can
asily be put back in place) shall~hot be noted; only note damage that is permanent and
on-superficial.

ontinue testing until the-product fails to function, a user safety hazard develops |(e.qg.
short circuit), or targetédy*number of cycles are achieved. If potential damage cgnnot
instantly be observed* during testing (e.g. damage to a PV module or mobile dgvice
nnector), check ferDUT sample functionality after every 100 cycles.

If applicable, each DUT sample’s gooseneck or other moving part intended for regular use is
bent 1 000 times (unless otherwise specified in the product specification) through its feasible
range of usage. Each DUT sample’s gooseneck or other moving part that is expected to be
used primarily during installation is bent 100 times (unless otherwise specified in the product
specification) through its feasible range of usage.

The following examples may be used as guidelines to determine which category applies to
each gooseneck or moving part.

Moving parts used primarily during installation:
— Parts that are not critical to the function of the product

— Hinged joints adjusted only during installation.
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e Moving parts intended for regular use:
— Hinges and goosenecks that include wires
— Parts that are intended to be adjusted regularly
— Radio dials and dials for dimming lights.

W.4.3.2 Equipment requirements

A camera is required.

W.4.3.3 Test prerequisites

At tr]e start of the gooseneck and moving part test, the DUT samples shall be fully funet
and have sufficient battery charge to check for functionality throughout the test.

This|test is destructive. Do not carry out additional tests with the tested samples, with
excelption of the switch and connector test, the drop test, and the strain relief test (if the
samples and PV modules are still functional after the gooseneck and moving parts test).

W.43.4 Apparatus

No apparatus is required for the gooseneck and moving part test.

W.43.5 Procedure
The pteps shall be followed.

a) Bend the DUT sample’s gooseneck or moving\part 1 000 times through its feasible r
df usage 1 000 times or 100 times, or as required by the product specification, depen
dn the expected use of the gooseneck-er“moving part. This can be done manually ¢
ysing a mechanical device.

b) I damage is observed during thefesting, record the observations with descriptions
photographs. Superficial damage~(minor scrapes or "popped off" components that
easily be put back in place) shall not be noted; only note damage that is permanent
non-superficial.

c) (ontinue testing until the) product fails to function, a user safety hazard develops
short circuit), or the targeted number of bends is achieved.

W.4.3.6 Calculations

No cplculations.are made for the gooseneck and moving part test.

W.4. Strain relief test

W.4.4.1 General

onal

the
DUT

hnge
ding
r by

and
can
and

(e.g.

If applicable, each DUT samples’ permanent cable ends (i.e. cable ends without connec
are subjected to a 2 kg weight for 60 s at various strain angles.

tors)

PV modules that have been tested according to and met all requirements of the robustness of
terminations test for type A (wire or flying lead) terminations (10.14) of IEC 61215, whichever
is applicable, need not be tested using this procedure, provided that the junction box or cable
entry has not been modified from the version that was tested. Test results provided by the
manufacturer of the DUT may be accepted if the tests were performed at a laboratory
accredited to perform the tests by a recognized accrediting body (e.g. an ILAC MRA signatory,

to ISO/IEC 17025).

W.4.4.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.

2.
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Camera.

Clamp or other means of holding DUT components in place.
Calibrated 2 kg weight.

Protractor or other means of determining the strain angle.

Stopwatch.

W.4.4.3 Test prerequisites

At the start of the strain relief test the DUT samples and their PV modules should be fully

functional-and-have sufficient-batterv charge to check for functionalitv-throughout the test
J ~J J ~J

test

)
~

(e}
~

This|test is destructive. Do not carry out additional tests with the tested samples, ‘\with the
excelption of the switch and connector test, the drop test, and the gooseneck and ‘moving| part
if the DUT samples and PV modules are still functional after the strain relief test).

w.4.4.4 Apparatus
A clamp or other means of securely holding a 2 kg weight and the DUT and/or the DUT’s PV
module in place is required.
W.4.4.5 Procedure
The following steps shall be followed.

Determine which DUT cable ends are permanentjy.attached (i.e., do not have a conngctor

gnd) to the DUT and/or PV module.

Glamp the DUT, DUT component, or PV module in place and attach the 2 kg weight tp the

cable so that the strain angle (y) is Q&%elative to the direction from which the gable

protrudes from the DUT, DUT component, or PV module (see Figure W.2).

i - )
(
\
.
\
v\ —"
. 14 \
IEC

Key

y Cable strain angle (°)

Figure W.2 — Cable strain angle (y) schematics for a PV module
junction box (left) and a separate light point (right)

c) Observe the DUT, DUT component, or PV module for 60 s. After 60 s, record the DUT's,
DUT component’s, or PV module’s functionality, any physical damage, and the presence
of safety hazards. Superficial damage (minor scrapes or "popped off" components that can
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easily be put back in place) should not be noted; only note damage that is permanent and
non-superficial.

d) Repeat steps b) and c) for strain angles of 45° and 90°.
e) Repeat step b) through step d) for each permanently-attached cable end found in step a).

W.4.4.6 Calculations

No calculations are made for the strain relief test.

W.5 Reporting

Report the following in the mechanical durability test report.

e Metadata:

- report name;

- procedure(s) used;

- DUT manufacturer;

- DUT name;

- DUT model number;

- name of test laboratory;

- approving person;

- date of report approval.

e HResults for tested DUT aspects for samples 1.through n:
- drop tests:

a) functions after each drop (pass/fail);

b) no damage present after eachr,drop (pass/fail);

c) no user safety hazard present after each drop (pass/fail).
- switch/connector tests:

a) cycles achieved for;each switch and/or connector;
b) functions after test (pass/fail);

c¢) no damage present after test (pass/fail);

d) no user safety hazard present after test (pass/fail).
- goosenéck and moving part test:

a) cyeles achieved for the gooseneck/moving part;
b)._functions after test (pass/fail);

c) no damaae nresent after test (nass/fail):
7 I A o \Vid 77

d) no user safety hazard present after test (pass/fail).

— strain relief test:
a) time achieved for each strain angle (s);
b) functions after test (pass/fail);
c) no damage present after test (pass/fail);
d) no user safety hazard present after test (pass/fail).

¢ Comments:
— individual comments, as necessary, for samples 1 through = for each test;

— overall comments, as necessary, for collective set of samples 1 through » for each test.
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e Figures:
— photographs of observed user safety hazards and/or DUT sample damage.



https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

- 250 — IEC TS 62257-9-5:2018 © IEC 2018

Annex X
(informative)

Reserved

Annex X is reserved as a placeholder.
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Annex Y
(informative)

Photometer box for relative luminous flux measurements

Y.1 Background

Annex Y includes plans and instructions for building a photometer box (Figure Y.1

and

Flgure Y 2) —an optlcal caV|ty for relat|ve luminous flux measurements that can be used to

intedrating spheres or similar eqmpment Q

The |pox is a cube that is painted with high-reflectivity, matte white paint ms% he DUT is

n illumin
metdr is placed in one of the corners or sides with a baffle blocking dire

placed in the centre of the box either by hanging from the top or on a :ﬁh
Becguse the illuminance meter only "sees" reflected light, the me ements of rel

ance

t from the DUT.

ative

illuminance in time are less sensitive to the arrangement of the Iightﬁi@ device and ther¢fore

moreg robust. &

O,

For & given product in a fixed orientation, the reading fro illuminance meter is dir
propprtional to the luminous flux of the DUT but does not réQ sent the absolute luminous
The |same photometer box and illuminance meter sh IIBe used for any given test,
diffefent boxes and illuminance meters will result in d@ent relative light outputs.

C)% IEC

ectly
flux.

since

The ph&meter box depicted here has two screens (baffles): only one screen. in front of the illuminance

meter

head, is required per Clause Y.3, step y). In this example, the required screen is in the lower left corner of the

image.

Figure Y.1 — Interior view of a completed photometer box
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In thi
also 4

Y.2

Plan

e placed on the side of the box to simplify construction.

5 for a photometer box are given in Figure Y.3

IEC

example, the illuminance meter head is located in the corner of the box. The inance meter heg

Figure Y.2 — Exterior view of completed photéﬁneter box

O
NS
S

éﬁigure Y.4.

N
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Plans

IEC TS 62257-9-5:2018 © IEC 2018

d can



https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

— 253 -

IEC TS 62257-9-5:2018 © IEC 2018

Dimensions in centimetres
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Figure Y.3 — Photometer box dimensions


https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

Dimensions in centimetres

IEC TS 62257-9-5:2018 © IEC 2018

— 254 —

WA OS (LS nmﬁiﬂ m:f

IEC

09

/ N Ny N .”.\N/_ e
f%4m7 )N OD :74Fm FMMF ",N\T 59 &/ NAHHOS
1M AN \f M I _.\\ I , /
JOOM| FLVNINVTeHON (1) S T
— 2@ \ \,_
LY AN i
INVIVAS A2 (L) ) —
— ( ) [
: e ) LCX)
kvi .\/.; 6 ‘,\./ k_,,_:.,__, N | W e ' / - _ <
INIYd|NOISTNINT ILIHMLG) NOLLOG 70 -
. - o
o \ _,.,_)_ ,..\J,_
3M9 goom (8
A 5 () 0
INd P = (HOY3 Z%)
,_ N /_ ,\/ ,._ A / // . , .\// .
13405 40O L e @ W doL
/ [ x\.,
STIVYN ONIHSINIA (9) j /
/ \
(| A O o N
(KO % X WO L9 "XO¥eiclv) JONIH (9) D
ol NG N PN
(NIFM3N0S) 31ONYH (7) L T
/oy N e s N A _‘\.ﬂz/, Z‘.
L vId WO ¢ ,L)\ 14AMOd ( ,_/.‘N\k_ . 1A .
do) 0 N —
(MOIHL WO d0) SV I ,/N\ : L) :
{ ~ |~ /_ 5 A \ll/
_,,/V\A(\__I\_r —,,.,_f\, _\KLA | _, QD_/L‘:\/I_AI_ /ﬁ\ g9 09

Oy
NI Y

HALYA 40 1S | A1GAESSY 04 SD3I4 N

Figure Y.4 — Photometer box assembly pieces and list of materials



https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

IEC TS 62257-9-5:2018 © IEC 2018 — 255 —

Y.3

Instructions for construction

The following steps shall be followed.

a)

b)
c)
d)

e)
f)
9)
h)
i)
j)

Cut the pieces in Figure Y.4 to the dimensions shown in Figure Y.3 — Use a table saw if

available.
Pre-drill pilot holes on 65 cm x 60 cm wall pieces.

Apply glue along 2,5 cm x 60 cm area of wall pieces with pilot holes.

Use four clamps (one at top, one at bottom for each side) to hold the four walls together

s shown aon in the top view of Fignrp Y3

rive finish nails into pre-drilled pilot holes.
llow 12 h for glue to cure.

emove clamps.

heck butt joints for structural integrity.
pply glue to bottom edges of walls.

llow 12 h for glue to cure.
emove clamps.

O
A
F
d
A
Align and clamp bottom piece to walls.
A
F
Gheck for structural integrity.

d

C

orners of bottom piece. The weight of the photometer box will hold the feet in place
the glue cures.

pply glue to 2,5 cm width of "top rim" pieces along top outside perimeter of walls.
lace "top rim" pieces on outside walls as~shown in Figure Y.3 and clamp in place.

llow 12 h for glue to cure.

heck for structural integrity.

rill hole in corner or side\of photometer box for placement of PVC section — Use a

A
=
A
Remove clamps.
d
C
saw if available.

ut PVC pipe to appropriate length and mitre cut if necessary to tightly fit against hg
hotometer box.

ffix PVC section to photometer box with caulk sealant, making sure to seal again
ossible lightintrusion at joint.

ssemble test stand and attach with wood screws to centre bottom of photometer bg
shownfin top view.

utplastic screens and drill holes for insertion of dowels.

ut 4cm x 4 cm feet (as shown in front view of<Figure Y.3) and glue to four exferior

while

hole

le in

5t all

X as

Drill holes at appropriate angles and locations for screen dowels, refer to top
(interior). Only one screen is required, between the DUT and the illuminance meter he

Insert screen dowels into holes in photometer box walls. No glue should be required.

aa)Place top lid piece onto photometer box.

bb) Align hinge as shown in top view (lid).

cc) Pre-drill pilot holes and attach hinge with wood screws.

dd) Pre-drill hole for handle (as shown in top view) and attach to lid.

view
ad.

ee)Paint all interior surfaces of photometer box with white emulsion paint, matte finish.

Several light coats are recommended (at least five coats).
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Annex AA
(informative)

Reserved

Annex AA is reserved as a placeholder.
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Annex BB
(normative)

Battery durability test

BB.1 Background

The battery durability test aims to identify batteries unsuitable for the application in stand-
alone renewable energy products. The procedures are related to storage of the stand-alone

rene

kLl ol £
vAauIT TITITTY Yy MTUUULLO.

In ggneral terms, the storage procedures use methods to accelerate the ageing mechanfisms
occurring during storage. This method enables the identification of batteries: which| age
prematurely and are therefore unsuitable for use in stand-alone renewable energy producs.
BB.2 Test outcomes
The fest outcomes of the battery durability test are listed in Table BBA.

Table BB.1 — Battery durability test.otcomes
Metric Reporting units Related-aspects Notes

Capagcity loss from Percentage (%) 4.2.5-3.Battery storage

storgqge (6C) durability

BB.3 Related tests
The pattery durability test is related to‘the battery test (Annex K).

BB.4 Procedure

BB.4.1 Durability storage test for valve-regulated lead-acid batteries

BB.4.1.1 General
The IDUT’s valve:regulated lead-acid battery is stored for 360 h connected to a resistance
corrgsponding)to a current of 2 I; A (where I; A is defined in K.4.1), which causes a fleep
discharge-

BB.44-2 Equipmentrequirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

o Battery analyser.

e Wire cutters.

o Wire strippers.

e Soldering iron and solder.

e Heat-shrink tubing and heat gun, or electrical tape.

¢ Resistor with resistance corresponding to a current of 2 /; A+ 10 % and a power rating
that is greater than the maximum power dissipated during the test, as specified in
IEC 61056-1:2012, 7.9.2.
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BB.4.1.3 Test prerequisites

The DUT’s battery shall be recently received and fully charged. The battery capacity shall
have been determined using the valve-regulated lead-acid battery test (K.4.2). The product

shall have been cycled no more than two times and shall have been stored for no more

than

1 week since undergoing the battery capacity test. The battery shall be removed from the

DUT.

BB.4.1.4 Procedure

Perform the charge acceptance after the deep discharge test from IEC 61056-1:2012, 7.9,
with thefottowimgmodifications:
e the requirements of IEC 61056-1:2012, 7.9.1 need not be met;
. pacity before and after storage shall be measured using the method defined in K.4.2.
he same channel of the battery analyser should be used for both the before and [after
pacity tests;
e the battery shall be stored at an ambient temperature of 22,°C+5 K. Temporary
cursions from this range, e.g. due to power outages, are permitted, but the cumulptive
uration of all such excursions shall not exceed 1 % of the storage period.
BB.4.1.5 Calculations
Determine the capacity loss using the following formula:
x:[ —C—A]x100%
C
wheile
oC is the percent capacity loss experienced by the battery after storage (%);
Cyp is the battery capacity measured after the storage, in ampere-hours (Ah);
Cg is the battery capacity measured before the storage, in ampere-hours (Ah).
BB.4.2 Durability storage-test for flooded lead-acid batteries
BB.4.2.1 General
The |DUT’s flooded lead-acid battery is stored for 7 days connected to a resistpnce
corrg¢spondingtor a current of 0,01 I; A (where [; A is the current corresponding to g 1 h
discharge in(amperes), which causes a deep discharge. The storage test for flooded leadtacid
battgries,istbased on VW 75073 and AS 4086.
BB.4.2:2 __Equipment requirements
The following equipment is required. Equipment shall meet the requirements in Table CC.2.

o Battery analyser

e Wire cutters

e Wire strippers

e Soldering iron and solder

e Heat-shrink tubing and heat gun, or electrical tape

Resistors with resistance corresponding to a current of 0,1 /; A and 0,01 I; A, and a power
rating that is greater than the maximum power dissipated during the test. The tolerance of
the resistor itself shall be at least 5 %; a 20 % range within the calculated resistance value
of the resistor is adequate.
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BB.4.2.3 Test prerequisites

The DUT’s battery shall be recently received and fully charged. If testing a flooded lead-acid
battery that was shipped dry, the battery shall have been filled with battery acid according to
instructions in K.4.2.1.

The battery capacity shall have been determined using the lead-acid battery test (K.4.2). The
product shall have been cycled no more than two times and shall have been stored for no
more than 1 week since undergoing the battery capacity test. The battery shall be removed
from the DUT. The storage test shall be carried out at 30 °C + 5 °C.

BB.4.2.4 Procedure

The following steps shall be followed, starting with a fully charged battery:

a) Discharge the battery at a rate of 0,1 I; A until a voltage of 1,8 V/cell is reached.| The
Malue of I; shall be determined using the battery capacity measured .inthe battery| test
(Annex K).

b) Qonnect across the battery terminals a resistor with resistance” and power rating
dalculated using the following formulas, respectively:

_ p}lom
0,01x1;
where
R is the resistance corresponding to a currenf of 0,01 I; A, in ohms (Q);
Nhom IS the battery’s nominal voltage, in volts\(V);
I is the current corresponding to a 1 hdischarge, in amperes (A).
2
p Vinita
R
Wwhere
H is the resistor’s powerlrating, in watts (W);
Minitial IS the battery voltage when the resistor is first connected, in volts (V);
R is the resistance -of the selected resistor, in ohms (Q);

c) Store the battery(for 7 days at 30 °C = 5 °C. Temporary excursions from this range | e.g.
due to power outages, are permitted, but the cumulative duration of all such excurgions
ghall not exceed 1 % of the storage period.

d) Determine\the battery capacity according to the lead-acid battery test (K.4.2). The game
dhannel:of'the battery analyser should be used for both the before and after capacity tests.

BB.4.2.5. Calculations

The calculations required for the storage test for flooded lead-acid batteries are identical to
those for valve-regulated lead-acid batteries (BB.4.1.5).

BB.4.3 Durability storage test for nickel-metal hydride batteries

BB.4.3.1 General
The DUT’s nickel-metal hydride battery is stored for 30 days at 60 °C £+ 5 °C connected to a

resistance corresponding to a current of 0,2 I; A (where /; A is the current corresponding to a
1 h discharge in amperes), which causes a deep discharge in the battery.

BB.4.3.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.
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o Battery analyser.

e Wire cutters.

e Wire strippers.

e Soldering iron and solder.

Heat-shrink tubing and heat gun, or electrical tape.

e Oven, environmental chamber, or other apparatus capable of maintaining temperatu
the required range.

sEaII be no more than 5 % and the nominal value of the resistor shall be within 20 %o

BB.

The pattery shall be recently received and fully charged. The battery capagity shall have
detefmined using the nickel-metal hydride battery test (K.4.3). The product shall have
cyclgd no more than two times and shall have been stored for no more than 1 week 3

und
test

BB.

The following steps shall be followed, starting with a fully charged battery.

c)

d)

BB.4.3.5 Calculdtions

The falculations-required for the storage test for nickel-metal hydride batteries are identiq
those¢ for valve-regulated lead-acid batteries (BB.4.1.5).

BB.4.4 Durability storage test for lithium-ion batteries

Resistor with resistance corresponding to a current of 0,2 /; A and a power rating th

clalculated resistance.

4.3.3 Test prerequisites

grgoing the battery capacity test. The battery shall be taken out-of the DUT. The sto
bhall be carried out at 60 °C =+ 5 °C.

4.3.4 Procedure

Discharge the battery at a rate of 0,2 I; A untill a voltage of 1,0 V/cell is reached.
Malue of I; shall be determined using the battery capacity measured in the battery
(Annex K).

Connect across the battery terminals<a" resistor with resistance and power ratin
pecified in BB.4.3.2.

tore the battery for 30 days at 60¥C £ 5 °C. Temporary excursions from this range,
ue to power outages, are permitted, but the cumulative duration of all such excurs
all not exceed 1 % of the storage period.

etermine the battery capacity according to the nickel-metal hydride battery test (K|
he same channel of the” battery analyser should be used for both the before and
apacity tests.

O 40 o

re in

at is
istor
f the

been
been
ince
rage

The
test

j as

e.g.
ions

4.3).
after

al to

BB.4.4.1 General

The DUT’s lithium-ion battery is stored for 30 days at 60 °C + 5 °C at a state of charge of
50 %. The storage test for lithium-ion batteries is an accelerated version of the charge
(capacity) recovery after long term storage test from IEC 61960-3:2017, 7.5.

BB.4.4.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

Battery analyser.

Oven, environmental chamber, or other apparatus capable of maintaining temperatu
the required range.

re in
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BB.4.4.3 Test prerequisites

The battery shall be recently received and fully charged. The battery capacity shall have been
determined using the lithium-ion battery test (K.4.4). The product shall have been cycled no
more than two times and shall have been stored for no more than 1 week since undergoing
the battery capacity test. The battery shall be taken out of the DUT. The storage shall be
carried out at 60 °C + 5 °C.

BB.4.4.4 Procedure

The following steps shall be followed, starting with a fully charged battery.

a) Discharge the battery at a rate of 0,2 I; A for 2 h and 30 min. The battery is then|at a
gtate-of-charge of 50 %. The value of I; shall be determined using the battery capgcity
n

neasured in the battery test (Annex K).

b) Store the battery for 30 days at 60 °C + 5 °C. Temporary excursions from(this range/ e.g.
due to power outages, are permitted, but the cumulative duration of all Ssuch excurgions
ghall not exceed 1 % of the storage period.

c) If the battery has multiple cells (or parallel cellblocks) in series, charge according to ¢.4.4
).
d) Determine the battery capacity according to the lithium-ion/battery test (K.4.4). The game

dhannel of the battery analyser should be used for both thé before and after capacity {ests

Q)

BB.4.4.5 Calculations

The palculations required for the storage test for lithilim-ion batteries are identical to thosge for
valvg-regulated lead-acid batteries (BB.4.1.5).

BB.4.5 Durability storage test for lithium_ iron phosphate batteries
BB.4.5.1 General

The DUT’s lithium iron phosphate battery is stored for 30 days at 60 °C £ 5 °C at a state of
charge of 50 %. The storage test farlithium iron phosphate batteries is an accelerated vefsion
of the charge (capacity) recovery-after long term storage test from IEC 61960-3:2017, 7.5

BB.4.5.2 Equipment requirements
The following equipméent’is required. Equipment shall meet the requirements in Table CC.pR.

J attery analyser.

B
e (Qven, environmental chamber, or other apparatus capable of maintaining temperature in
the required range.

BB.4.5:37 Test prerequisites

The battery shall be recently received and fully charged before undertaking the procedure.
The battery capacity shall have been determined using the lithium iron phosphate battery test
(K.4.5). The battery shall be taken out of the DUT. The product shall have been cycled no
more than two times and shall have been stored for no more than 1 week since the
undergoing the battery capacity test. The storage shall be carried out at 60 °C + 5 °C.

BB.4.5.4 Procedure
The following steps shall be followed, starting with a fully charged battery.

a) Discharge the battery at a rate of 0,2 I; A for 2,5 h. The battery is then at a state of charge
of 50 %. The value of I; shall be determined using the battery capacity measured in the
battery test.
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b) Store the battery for 30 days at 60 °C £ 5 °C. Temporary excursions from this range, e.g.
due to power outages, are permitted, but the cumulative duration of all such excursions

shall not exceed 1 % of the storage period.

c) If the battery has multiple cells (or parallel cellblocks) in series, charge according to G.4.4

a).

d) Determine the battery capacity according to the lithium iron phosphate battery test (K.4.5).
The same channel of the battery analyser should be used for both the before and after

capacity tests.

BB.4.5.5 Calculations

The palculations required for the storage test for lithium-ion batteries are identical to thos

valvg-regulated lead-acid batteries (BB.4.1.5).

BB.5 Reporting

Report the following in the battery test report.

o Metadata:

- report name;

- procedure(s) used;

- DUT manufacturer;

- DUT name;

- DUT model number;

- battery manufacturer, if available;
- battery name, if available;

- battery model number, if available;
- name of test laboratory;

- approving person;

— date of report approval-.

e Results for tested DUT aspects for samples 1 through n:

capacity loss fromy'storage (%).
verage of n sampte results for each DUT aspect tested.
oefficient gfwvariation of n sample results for each DUT aspect tested (%).

A
e

e DUT’s rating for aspects tested, if available.
0
(

o).

eviation of the average result from the DUT’s rating for each aspect tested, if avai

Ie for

able

¢ Comments:

— individual and overall comments, as necessary.
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Annex CC
(normative)

Equipment requirements

CC.1 Overview

Annex CC gives requirements and recommendations for the equipment and materials needed
for the test methods described in this document. These provisions are stated in tabular form

faYalls)

in Clbuoc Ay

Sevd
whic

ral test methods in this document involve the calculation of electrical power~or en
h can be complicated by the presence of time-varying voltage or current:wavefd

Issu¢s relating to power measurement are discussed in Clause CC.3.

CC.:

Tabl
appa
equi
requ
Tabl

All e
of T4

P Requirements and recommendations for equipment andymaterials

e CC.2 gives requirements and recommendations for the./laboratory instrum
ratus, and materials needed to perform the tests in this_document. Many piece
bment can be used for multiple tests; the right side of the/table shows which test met
re each item. The symbols used in these columns“of Table CC.2 are define
e CC.1.

quipment and materials shall meet the specifi¢ations given in the "requirements" co
ble CC.2 and should conform with the recommendations given in the "recommendat

column.

Table CC.1 — Symbols usediin test method column of Table CC.2

Symbol Meaning
No symbol Equipment is not used for this test.
. Equipment is required for this test. (Some equipment

marked e is required only for certain types of products
or appliances.)

oy Equipment is optional for this test. (For tests with
multiple procedure alternatives, some of the optional
equipment could be required for some of the
alternatives.)

A, B, C Letters indicate alternative sets of equipment to
perform the test. For example, the test can be
performed using all of the items marked A, or all of the
items marked B, but it is not necessary to use both sets

Pray,
rms.

ents,
s of
hods
d in

umn
ons"

of items.

The order of the letters is arbitrary and does not
indicate an order of preference or ranking of accuracy.
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CC.3 Guidelines for electrical power measurements

CC.3.1 Background

In several test procedures in this document, it is necessary to measure voltage and current in
order to calculate a power value. These test procedures include:

o the full-battery run time test (Annex M) and appliance full-battery run time test (Clause
FF.9),

e the grid charge test (Annex O),

e the electromechanical charge test (Annex P),
e the solar charge test (Annex R),
o the measurement of steady-state port characteristics (EE.4.2),

e tlhe appliance power consumption test (Clause FF.6), and

o

In ad

calculated in order to determine luminous efficacy.

NOTE
inforn

The
AC 3
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CC.3

sepdrate measurements of DC-current and voltage. A recommended limit for this met
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CC.3

Whe
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e appliance charging efficiency test (Clause FF.7).

dition, while this is not required, the power during the light output test (Annex I) is

The photovoltaic module |-V characteristics test (Annex Q) also,involves a measurement of power, b
ation in Clause CC.3 is generally not applicable.

best way to perform this measurement is with a power meter (wattmeter) capable of
nd DC measurements. However, these instruments are expensive, and as a result i
ore convenient for some laboratories to use\separate instruments, such as multim
custom data acquisition system, to measure voltage and current and then multiply
ting values. However, unless appropridate precautions and corrective measure
cable, are taken, this method can result in significant measurement error when
nt is varying with time. Therefore, the use of separate current and voltage measuren
rmitted only if the resulting error.isskept to an acceptable level.

.2 defines a metric to quantify the error associated with the calculation of power

d in CC.3.3 and additional recommendations are given in CC.3.4. Due to lin
atory experience with these methods, Clause CC.3 does not presently give requirem

.2 Overview.of DC power measurement

h set to measure DC voltage or current, a multimeter displays the average value o
tity being/measured. (Some multimeters also have the ability to display the value 9
component and the rms value of the AC components.) The power calculate
plying the current and voltage readings of two multimeters is given by:

bften

ut the

both
can
bters

the
s, if

the
ents

from
ic is
nited
Bnts.

f the
f the
i by

P~ Tavg Vg = — T 1{t)at- T v(d)a

" 0
where
Pom is the power measured using two multimeters or other DC measuring instruments;
T is the averaging period;
1(t) is the instantaneous current at time ¢;
V(t) is the instantaneous voltage at time ¢
Tavg is the average current;
V. is the average voltage.

avg
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This is in contrast to the correct expression for the average power, which is:

P =1 -V :;Tl(t)-V(t)dt

a avg "avg
0

where

Pavg is the average power;

T is the averaging period;

1(2) is the instantaneous current at time #;

V(t) is the instantaneous voltage at time ¢.

Thede two quantities are identical if either current or voltage is constant with respect to {ime.
Otherwise, the difference between P, and P, , will contribute to the overall-error in the
power measurement. It is useful to quantify the contribution to relative error in power diie to
the dqurrent and voltage waveforms:

SP— Pmm _Pavg
Pawg
wheile
oP is the relative error in average power due to the current and voltage waveforms;
Pavg is the average power;
Prm is the power measured using two multimeters or other DC measuring instruments.

In the case where the power is being measured across a load that uses pulse-yidth
modulation (PWM), the load current will be ‘a pulse train varying between zero and a congtant
nonZero value. If the load being measured is supplied with power by a voltage source|with
nonZero output resistance, such as a PV simulator or a DC power supply with a current ghunt
in sdries, it can be shown that the value of 6P can also be expressed in terms of the voltages
during the on and off periods:

VeV
Py =(1-D)- O _—on
PWM ( ) Ve
wheile

oPpyW is thesrelative error in average power due to the current and voltage wavefgrms,
whep' the current waveform is PWM;

D is the duty cycle (the fraction of time when the load is drawing current);
Vots is the load voltage when the load is not drawing current;
Von is the load voltage when the load is drawing current.

NOTE 7, is less than V.

This form can be more convenient to use since it is not necessary to measure the current
waveform quantitatively.

When multiple power measurements are being averaged together, 6P may be calculated as a
weighted average, using either the general or PWM forms:
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where
opP is the relative error in average power due to the current and voltage waveforms;
At; is the time interval corresponding to measurement ;;
Pavgp is-the-average ﬁm’—ﬁ—ﬂ‘_’;
Prmli is the power measured using two multimeters or other DC measuring instruments at
measurement i.
V. —V_.
Z Ati-(lfD)- off,i on,i
; Von,i
Slowm =— i
2
i
wheile

oPpyWn  is the relative error in average power due to the currént and voltage waveforms;

At; is the time interval corresponding to measurement? ;;

D is the duty cycle (the fraction of time_swhen the load is drawing current) at
measurement i;

Vost.i is the load voltage when the load is not\drawing current, at measurement i;

Von.i is the load voltage when the load is~drawing current, at measurement i;

Pomli  is the power measured using two multimeters or other DC measuring instruments at

measurement i.

Sincg accurately calculating J6P requires an accurate measurement or calculation of the
averfge power, it is generally not beneficial to calculate JP in order to apply a correction to
meagured data. However, /acalculation of JP can be used to determine whether (it is
accelptable to use lower-cost measuring instruments for a given product. For exampl|e, a
labofatory could test ohe ‘sample using a power meter and use the result to determine
whether the remainingysamples could be tested simultaneously using low-cost instrumgnts.
Alternatively, the laboratory could test the samples using the low-cost instruments yhile
obsdrving one sample with an oscilloscope, and use the results to determine whether to
repept the test,/one sample at a time, using a power meter.

Powe asure S , , S 2 pow S
requirements of Table CC.2, except that two multimeters (or a DC voltmeter and DC ammeter,
or a data-logging or data-acquisition system with equivalent functionality) may be used if the
relative error contribution (6P) defined in CC.3.2 does not exceed 1 %. If the current and
voltage waveforms are not known with sufficient accuracy to enable a direct calculation of JP,
the current waveform may be assumed to be PWM with a duty cycle of 10 %; the JP criterion
can then be assessed by inspection of the voltage waveform with an oscilloscope. For very
low frequencies, a multimeter with pulse width and minimum/maximum voltage features can
be used if the response time of this feature is sufficient to meet the accuracy requirement.

Many power meters can calculate DC voltage and DC current in addition to the rms values, so
the same instrument can be used to measure both Py, and P,4 simultaneously. This is the
recommended method. If 6P is determined by comparison between two measurements with
different instruments (e.g. a power meter and two multimeters), the comparison is valid only
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for simultaneous measurements of a single DUT. In addition, the use of different instruments
introduces another source of measurement uncertainty.

If a power-measuring instrument is used in test procedures that calculate average power or
cumulative energy over a period of time (e.g. the solar charge test), the internal averaging or
integration function of the power meter, if present, should be used rather than calculating and
integrating the power at each sampling interval, since the power meter uses a high internal
sampling rate resulting in a more accurate total or average.

Whenever separate current and voltage measurements are used, any time offset between the
two measurements should be taken into account in the calculation of measurement error

Whep the voltage and current waveforms are not constant or sinusoidal, many factors| can
contfibute to the total uncertainty of a power measurement. The accuracy requiremept in
Tablg CC.2 applies to DC conditions only.

CC.3.4 Additional guidelines and corrective measures

The [following items provide additional guidance on the measuremeéni“of power in the| test
procedures defined in this document. In all cases, the recommendation in CC.3.3 ig the
definitive criterion for whether a given test method should be considered appropriate.

e I{is always acceptable to use a power-measuring instrument meeting the requirements of
Tlable CC.2.
e I{ the current is known to be approximately constant (e.g. through observation with an

scilloscope), the criterion in CC.3.3 is likely ta_be met, so separate current and voltage
easurements may be used. This is likel to be the case for most steady-ptate
easurements of appliance power consumption, since even appliances that use PWM
imternally often include bypass capacitors.

Q

e If the current is not constant, but the\voltage is approximately constant, the criteripn in
C.3.3 can be met in some cases. I’is important to consider the effect of the voltage |drop
cross the ammeter or current shunt when determining whether the voltage remains
nstant, since the current is<'varying, the voltage drop will also vary. Using a higher
rrent range can reduce thélvoltage drop, but can increase the measurement uncertginty.

e I the current and voltageyare not constant, but it is desired to use separate voltagel and
rrent measurements; the following corrective measures can be attempted to reduce the
easurement errortean acceptable level (as specified in CC.3.3):

- If the appliance”is being driven from a power supply and the power measurementl|is at
the power ‘input to the appliance, a power supply with remote sensing may be used to
compensate for the varying voltage drop across the current-sensing element. |This
methdd)‘is unlikely to be effective at high frequencies and is most suitablg for
appliances where the change in current is gradual, such as television sets.

- .“Current and voltage data loggers or a data acquisition system may be used to rgcord
tha valitae Aaf cirrant and nowwar avar tha avaraaina nariod Thaoa inctantananiic noawa er iS
the—valves-of currentand poweroverthe averagingperiod—The-instantaneouspewe

then calculated and the values are averaged. This method can be effective if the
change in current is gradual, as with television sets, or if the current is relatively
constant for most of the averaging period. The weighted-average form of the JP

calculation should be used.

For the measurement of appliance power, a capacitor may be connected across the appliance
plug (i.e. in parallel with the voltmeter). The required capacitor value depends on the current
waveform, the average values of current and voltage, and the resistance of the ammeter. The
value should be chosen based on a circuit model or comparison with a power meter or
observation with an oscilloscope. This option shall not be used for the solar charge test or if
the capacitor influences the behaviour of the DUT.
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Annex DD
(normative)

Protection tests

Annex DD contains test methods to assess the robustness of the stand-alone renewable
energy product to faults, including incorrect wiring and a disconnected battery. To meet the

requrements—of—these—tests—the—produect—shal—withstand—the—fauit—econditton—withott—Heing
damaged or presenting a safety hazard.
DD.2 Test outcomes
The [est outcomes of the protection tests are listed in Table DD.1.
Table DD.1 — Protection test outcomes
Metric Reporting units Related aspects Remarks
Predence of sufficient miswiring pass/fail 4.2.7.3 Circditrand Overall pass/fail resulf for
protgction overloadprotection entire DUT
Miswiring protection test damage Yes/no, description 4.2.4.73 Circuit and One result for every
ovehload protection tested configuration
Miswiring protection test safety Yes/no, description 4.2.7.3 Circuit and One result for every
hazgrd overload protection tested configuration
Miswiring protection test fault Yes/no, description 4.2.7.3 Circuit and One result for every
indigation overload protection tested configuration
Miswiring protection test repairs Yes/no, description 4.2.7.3 Circuit and One result for every pprt
needed overload protection
Pregence of sufficient output passHail 4.2.7.3 Circuit and One result for every pprt
overjoad protection overload protection
Outfut overload protection test Yes/no, description 4.2.7.3 Circuit and One result for every pprt
dampge overload protection
Output overload protection tést Yes/no, description 4.2.7.3 Circuit and One result for every pprt
safely hazard overload protection
Outgut overload protection test Yes/no, description 4.2.7.3 Circuit and One result for every pprt
faulfindication overload protection
Outgut overload®protection test Yes/no, description 4.2.7.3 Circuit and One result for every pprt
repdirs needed overload protection
Outgut overload protection test Amperes (A) 4.2.7.3 Circuit and One result for every pprt
max|mdm sustained current overload protection
Presence of sufficlent PV pass/faft 47273 Circuttand Overaltpass/faitresult for
overvoltage protection overload protection entire DUT

dam

PV overvoltage protection test

age

Yes/no, description

4.2.7.3 Circuit and
overload protection

One result for every port

or built-in appliance

PV overvoltage protection test
safety hazard

Yes/no, description

4.2.7.3 Circuit and
overload protection

One result for every port

or built-in appliance

voltage

overload protection

PV overvoltage protection test port | Voltage (V) 4.2.7.3 Circuit and One result for every port
allowable voltage limit overload protection
PV overvoltage protection test port | Voltage (V) 4.2.7.3 Circuit and One result for every port

PV overvoltage protection fault
indication

Yes/no, description

4.2.7.3 Circuit and
overload protection

Single result for entire

DUT
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.3 Related tests

The protection tests use results from the photovoltaic module |-V performance test (Annex Q).
The maximum sustained current calculated in the output overload protection test (DD.4.2) is

use

DD

d in the assessment of DC ports (Annex EE).

.4 Procedure

DD.4.1 Miswiring protection test

DD.4.1.1 General

This| test assesses whether the DUT is protected against improper wiring and sy
component connections. In many cases, it is infeasible to test every possible combinati
incofrect connections, so this procedure attempts to identify and test configurations tha

like

Iy to occur during installation, operation, and routine maintenance.

DD.4.1.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.R.

OC power supply

m

attery simulator (optional), which, if used, may be one-of the following:

- The battery simulator circuit defined in IEC 62509:2010, Figure 1, with param
from IEC 62509:2010, 5.1.6.2.

- A two- or four-quadrant (bipolar) power supply or power amplifier.

- A commercially available battery simulator.

constant-voltage mode. (The power supply current is set to a value greater thar
current drawn by the DUT.)

The use of a battery simulator can“provide more stable and controllable operating condit

imp

roving repeatability, but the(use of the DUT’s battery is permitted as a low-cost option

DD.4.1.3 Test prerequisites

The yisual screening (Annex F) and photovoltaic module |-V performance test (Annex Q)
be performed befere-performing the miswiring protection test.

If a

battery_(simulator is not used, the DUT’s battery shall be partially charged so tha

battgry will-accept charge from the PV input and supply power to the ports and any by

the

stem
bn of
I are

bters

—- A power supply in constant-current mode placed in parallel with an electronic load in

the

ons,

shall

the
ilt-in

appliances for the duration of the test. (That is, neither the deep discharge protection Iimil: nor
pvercharge protection limit shall be reached during the test. If one of these limits is

reached, the battery may be charged or discharged as needed and the test continued.)

DD.4.1.4 Procedure

Per

a)

form the following steps.

Identify the connectors subject to the miswiring protection test. A connector sha
tested if both of the following are true.

II be

— The connector is accessible to the user or installer during normal installation,

operation, and routine maintenance. (A compartment or enclosure is consid

ered

"accessible" if it can be opened without the use of any tools, or if it is opened at any

time during the normal processes of installation, operation, or routine maintenance

)

— The connector can be inserted, assembled, or mated incorrectly (for example,
backwards) without excessive force or modification, and/or the connector can be
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inserted into or mated with a receptacle or connector other than those with which
intended to be used.

Examples of situations requiring testing:

it is

EXAMPLE 1 The PV module and lighting appliances have the same type of plug, so one can be inserted into the

socket intended for the other.

EXAMPLE 2 The battery, mounted in a user-accessible enclosure (as defined above), is connected to the c
controller using quick-disconnect lugs, and the positive and negative leads are physically interchangeable.

Examples of situations not requiring testing:

EXAMPLE 3 The battery is mounted in an enclosure that is not intended to be accessed by the user ok ins|
In thig case, the battery connector does not require testing.

EXAMPLE 4 The product includes several different appliances with USB plugs and four USB socKets intend
conngcting appliances. Although a given appliance could be connected to any of the four sockets)\this would
an indorrect connection, so it does not require testing.

EXAMPLE 5 The product includes a non-polarized connector that is designed te function correctly
conngcted in either direction. (For example, a plug with a symmetrical arrangement of contacts.)

b) Identify each incorrect configuration to be tested, using the following rules.

harge

taller.

ed for
ot be

when

it.

In these rules, a pair is defined as a positive and negative lead from the same circuy
The following configurations shall be tested.

e The conductors making up a single pair are swapped (e.g. the battery is conngcted
in reverse polarity).

e A single connector or pair of conductérs is matched with the wrong mating
connector, and all other connections ‘are made correctly (e.g. the PV module is
connected to an appliance port).

e Two connectors or pairs of conductors are swapped (e.g. the battery is conngcted
to the PV input and the PV module is connected to the battery input).

e A single connector is inserted in the wrong orientation (e.g. the battery connecfor is
inserted backwards).

Combinations of the ab@ve situations (e.g. both battery and PV module are conngcted
in reverse polarity) néed not be tested.

If multiple conneegtors are functionally identical, only one connector is required to be
tested. For example, if the DUT includes four identical sockets for connefting
appliances, @nd” a PV connector that fits in the appliance sockets, the PV conngctor
shall be tested in one of the four appliance sockets. Testing of the other three sog¢kets
is optionalh

All reguired configurations shall be tested prior to testing any optional configuratjons,
since the test can be destructive.

In” addition to the configurations tested above, the test laboratory should test| any

additional configurations if, in the tester’'s judgment, the configuration iIs likely to occur
during installation, use, or routine maintenance.

If the testing laboratory determines that a configuration will result in a safety hazard to
property or personnel, the laboratory should not test that configuration. If this is a
required configuration, the DUT fails the test. (For example, if reversing a connector
would result in a short-circuit path across the battery with no overcurrent protection,
the configuration should not be tested.)

It is not necessary to test configurations in which excessive force or modifications to
the DUT would be required to make connections, provided that no electrical contact
occurs unless excessive force is applied or modifications are performed. (For example,
if the battery and PV module use connectors of different sizes or shapes, a
configuration in which these connectors are swapped need not be tested.) "Excessive
force" is defined as sufficient force to physically damage the DUT in a way that would
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be apparent to a typical user. If a connector can be forced into a socket without
causing obvious damage, even if non-obvious damage (e.g. bent pins or contacts)
occurs, this configuration shall be tested.

If a PV module input is required for the wiring configuration under test, use a DC power
supply set to the maximum power voltage (Vmpp) and maximum power point current (/,,,,,)
of the PV module at typical module operating temperature (TMOT). If the PV module of
the DUT has not undergone the photovoltaic module I-V characteristics test (Annex Q),
the average values of the samples that underwent the photovoltaic module [-V
characteristics test (Annex Q) shall be used. Prior to testing, connect the power supply to
the PV input and verify that the DUT charges correctly.

o
<

o hincaorract vieina confiniration idantifind 1n b)Y narfaros tha fallowwina ctanc:
Ot T eorTrecT— Wit mtyg T rotrorraerret Ot e—ToTovw

ASASARERAC A T T LLE BN S0 P S~ gotCPoT

Configure the DUT according to the incorrect wiring configuration under Mesf. (If
necessary for safety, disconnect the battery and/or PV input before making wiring
configuration changes.)

Reconnect and turn on the power supply simulating the PV module.

) N
~

) Allow the DUT to remain connected for 20 min, unless a safety hazard develops (e.g.,
smoke or a burning smell). The DUT is not required to function correctly while
configured incorrectly.

4) If the DUT provides an indication of the fault condition (for €xample, a warning |ight,
error code, or audible alarm), note the type of indication/

(N
~

Restore the DUT to the correct wiring configuration. (If necessary for sgfety,
disconnect the battery and/or PV input before making wiring configuration changes.)

q) If a safety hazard develops, disconnect the battery and PV input from the DUT| and
discontinue the test.

1) Test the functionality of the DUT. If the DUJ"'no longer functions:

i) If the problem can be identified and repaired by following instructions in the |user
documentation (e.g., replacing aiblown fuse or resetting a tripped circuit breaker),
using no tools except a screwdriver used to remove and insert screws, wiihout
creating a safety hazard, repair the fault. Only spare parts included with DUT (or
their equivalent, in case-the supply of included spare parts is exhausted thrpugh
repeated testing) may“be used. (For example, if a fuse is blown, and| the
manufacturer did not-supply replacement fuses, the DUT fails the test.) If the DUT
is functional afterthe repair, and the repair can be conducted without exposing the
person conducting the repair to a safety hazard, the DUT does not fail the test.

ii) If the problem can be easily identified and repaired by the test laboratory| but
requires csteps not documented in the user documentation, tools other than a
screwdriver used to remove and insert screws, or spare parts not included witl the
DUF, the DUT fails the test. However, the test laboratory may, at its discrdtion,
repair the fault and continue the test. (For example, if a replacement fuge is
required, the test laboratory may replace the fuse, continue the test, and stire in

the report that the DUT failed the test, but would have passed the test had gpare
fuses been included).

iii) In the test report, describe any repairs made.

8) Record whether the DUT remains functional at the end of the test, whether any
damage occurred, and whether any user safety hazard is present. Describe any
failures and take photographs of any visible damage or safety hazards.

The DUT passes the miswiring protection test if it remains functional after the final incorrect
configuration is tested and no safety hazards developed during the test. The DUT is not
required to function normally during the test, although any abnormal operation should be
noted in the test report. The DUT is not required to provide indication of the fault condition
(for example, a warning light, error code, or audible alarm), but any such indication should be
noted and described.


https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

IEC TS 62257-9-5:2018 © IEC 2018 — 283 -

DD.4.2 Output overload protection test

DD.4.2.1 General

This test assesses whether the DUT is protected against excessive load or short circuits

appli

ed to the appliance ports.

NOTE This test can be conducted using the same apparatus as the assessment of DC ports (Annex EE).

DD.4.2.2 Equipment requirements

The

O
1
1
e H

In sq

C power supply.
wo DC ammeters or multimeters.
wo DC voltmeters or multimeters.

lectronic load or fixed and variable resistors as described below.

achig¢ve the required current. Unless otherwise specified by the power supply manufactur

diod
supp
mod
with

dete

b should be used at the output of each power supply to prevent backfeeding. If the p
lies do not include current-sharing functionality, set one power supply to constant-vo
b to control the voltage and set the remaining power supplies to constant-current n
a voltage limit not exceeding the battery’s overcharge protection voltage thresholg
mined in the charge controller behaviour test (Annéx S).

If the optional battery simulator specified in DD.4.3°2 can supply sufficient current and

the
inste
(DD.

The

case
amm
voltg

In th
load
currg
unddg
of th
to ex

If a

oltage regulation requirements for the DC.power supply in Table CC.2, it may be
ad of the DC power supply, allowing Precedure A of the PV overvoltage protection
1.3.4) to be performed concurrently; seé. DD.4.3.4 for details.

currents required in this test can_exceed the maximum range of many multimeters. In
, a current transducer or currepnt sense resistor and voltmeter may be used instead
eter or multimeter. The voltagé should be measured at the DUT to compensate fo
ge drop across the ammeté€rtor current sense resistor.

is test, a variable lead is applied to each port. This variable load may be an elect
or fixed and variable resistors. The load should be capable of sinking 125 % of the |
nt for the port (see DD.4.2.4 a)) at the nominal port voltage. (Since port voltage can
r load, and the.maximum sustained current determined by this test can be less than
b rated current, it is sometimes possible to use a load with lower limits if care is take
ceed thelimits during the test.)

 lectronic load is used, and the electronic load contains current and vo

mea

ollowing equipment is required. Equipment shall meet the requirements in Table CC.2.

me cases, it can be necessary to use multiple laboratory power supplies in parallel to

er, a
bwer
tage
hode
i, as

meet
used
test

this
pf an
r the

Ffonic
ated
drop
125 %
n not

tage

sureément functionality that meets the requirements for DC ammeters and voltmete

s in

Table CC.2 after accounting for any voltage drop between the port and the load, this
functionality may be used instead of an ammeter and/or voltmeter at the port.

The electronic load shall be galvanically isolated from the power supply if this is necessary in
order to avoid altering the behaviour of the DUT.

DD.4.2.3 Test prerequisites

The visual screening (Annex F) and photovoltaic module |-V performance test (Annex Q) shall
be performed before performing the output overload protection test.
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DD.4.2.4 Procedure

Perform the following steps for each port under test. If the DUT has multiple identical ports, or
multiple ports that are known (e.g. through visual inspection) to share the same overload
protection device, it is only necessary to test one port from each such set of ports. In the
following procedure, the term "overload protection device" refers to a fuse, circuit breaker,
PTC device, other overcurrent protection device, thermal fuse, thermal switch, or other
thermal protection device).

a) Determine the maximum testing current for each port, using the following rules.

1) If the manufacturer supplied a maximum current rating or overcurrent protection limit
Orf the port, the maximum (esting current is o Of the manuracturer-provided_vplue.
If more than one value was given by the manufacturer (for example, a nominal cufrent
value and an overcurrent protection limit), use the largest value.

N)
~

If a current rating or overcurrent protection limit for the port is givefAin the [user
documentation or product packaging or marked on the product orCon an intgrnal
component (such as a fuse or circuit breaker), the maximum testing,Cufrent is 125|% of
the value given in the documentation or marked on the product orccomponent.

(@)
~

If no rating was given and no markings can be found, calculate the highest ppwer
consumption that could be achieved using a combination of the included|and
advertised appliances that can be powered simultaneously using the port angd all
identical ports, plus any splitters or similar components that are included or advertised
for use with the port. Use Annex HH to determine the power consumptioh of
appliances not included in the product. Divide the“total power consumption by the
nominal port voltage (Annex EE) and multiply byi4,25 to calculate the maximum tepting
current.

b) Use a laboratory power supply to power the DUT ‘power control unit according to Anngx H.
et the power supply to the DUT standard” operating voltage as described in H.5.2.
leasure the voltage as close to the DU as possible and adjust the power supply to

ompensate for voltage drop in the wires,»ammeter, and paralleling diodes if used.

¢) Turn on the power supply and verify;that the DUT is functional.

d) CQonnect an adjustable load to the port under test. The load should have a current| and
ower ratings sufficient to_achieve the maximum testing current at the port’s otltput

oltage. The load should be-used in constant-current mode if available.

djust the load in ordefr_to find the largest current, less than or equal to the maximum
bsting current, that«does not result in the trigger of an overload protection device jafter
0 min of operation:This is the maximum sustained current. It is only necessary tq test
nultiples of 1 % af-the rated current. The test laboratory may use any algorithm to idgntify
he maximumsustained current, including the following.

O NS < T A 0O = (D C

Startingcat a low value and slowly increasing the current until the overload proteftion
device_is triggered. This method can be preferable if the overload protection devige is
asfuse that needs to be replaced after each operation, or if the overload proteftion
device requires a long cool-down period to reset.

——Starting ata high value and Stowly decreasing the current untiithe overfoad protection
device does not trigger. This method can give faster results but could result in
excessive operation of the overload protection device or could damage the DUT.

— Performing a binary search, as follows:
1) Define I to be equal to zero and /,, to be equal to the maximum testing current.
2) Calculate the test current I;,¢;, as follows:
I +1y
2
3) Round the value of /. to the nearest multiple of 1 % of the rated current.

I .=

4) Apply a current of /i, for 20 min.
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f)

g)

5) If an overcurrent protection device operates, set I, equal to ;.. Otherwise, set 1|
equal to [yt

6) If the difference between 7., and /_ is less than 1 % of the rated current, stop the
procedure. Otherwise, go to step 2.

Using a combination of these methods. For example, one or two steps of a binary
search could be performed to get a coarse estimate of the maximum sustained current,
followed by a slow ramp-up to find the precise value without excessive operation of the
overload protection device.

Regardless of the specific method used, an initial search using a larger step size, such
as 5 % of the rated current, followed by fine-tuning using a step size of 1 % of the

rated current, can reduce testing time for some products.

or some types of overload protection, it is necessary to allow the DUT to coqol~b¢fore
repeating the test. When possible, the test laboratory should avoid unnecessary operation
the overload protection device, especially if the type of device is not knowry,

ome ports are unable to maintain a stable voltage even at loads that-de-hot trigger the
verload protection device. For example, the load voltage can oscillate between a value
ithin the normal operating voltage range of the port and a very lowyvalue, even though a
nstant current is maintained. In this case, the maximum sustained ‘current is the highest
rrent at which a stable voltage is supplied by the port afteh 20 min. The laboratory
should record both the maximum sustained current and the-minimum current at which the
verload protection device activates.

an overload protection device operates, record the type of overload protection deice,
the tools required to reset it, and whether the user documentation (including the uper’s
anual and any labels on the product) containg™sufficient instructions to carry out the
rocedure. If the overload protection device is @ non-resettable fuse, record whethef the
roduct includes spare fuses.

no overload protection device operates,when the device is operated at the maximum

testing current for 20 min, no overload protection is detected and the maximum sustgined

urrent cannot be determined. The test laboratory may consult with the DUT manufacfurer

tp determine whether a higher valug’for the maximum sustained current should be us¢d; if

.y Tl N =

)
)

D)

o, the test should be repeated.

ecord the following.

the port driver circuitry limits the current such that even when the load resistange is
ecreased, the current remains below the maximum testing current, the maximum
ustained current is the maximum current measured during the test.

lote the functionality, of the DUT after operating at the maximum sustained current for
0 min. Be sure to-turn off or disconnect the load before checking for functionality.

Recordwhether an overload protection device operated during the test.

Recerd/whether the DUT remains functional after the test is completed. Describg any
abnarmal operation during or after the test. (If abnormal operation occurred during the

test, note whether the behaviour returned to normal when the overload condition| was
removed )

Record whether the DUT was damaged during the test. Describe and photograph any
damage.

Record whether any safety hazards developed during the test. Describe and document
with photographs where applicable.

If the DUT provides indication of the overload condition (for example, a warning light,
error code, or audible alarm), describe the indication.

Record whether the DUT provides adequate protection against PV overvoltage, if
applicable.

The DUT is considered to have adequate output overload protection if all of the following are
true.


https://iecnorm.com/api/?name=4d040a427d4d3667c4bc3f369d911a88

— 286 — IEC TS 62257-9-5:2018 © IEC 2018

The maximum sustained current is less than or equal to the maximum testing current.

The DUT remains functional after the test. (The DUT is not required to operate normally
while the overload condition exists, but shall return to normal operation after the overload
is removed.)

No damage occurred and no safety hazards developed when the DUT was operated at the
maximum sustained current for 20 min.

DD.4.3 PV overvoltage protection test

DD.4.3.1 General

The ppen-circuit voltage of a PV module can be significantly higher than the normal operating
voltage of the system when a battery is connected. If not properly regulated, this hag the
poteptial to cause damage if applied to system components. Additionally, if a port voltage

exc

ds a certain value above the nominal design voltage for that port, appliances’conngcted

to thpt port can be damaged. This voltage is defined here as the allowable portivoltage limit.

The PV overvoltage protection test assesses whether the DUT

can withstand a PV overvoltage condition,
provides sufficient protection to appliances if the system battery'is disconnected, and

provides a mechanism for alerting the user to the fault condition.

The |PV overvoltage protection test includes two proecedures. The purpose of procedure A
(DD.4.3.4) is to determine whether an overcurrent protection device can isolate the bdttery
from|the system and result in an overvoltage condition at one or more ports. The purpose of
procedure B (DD.4.3.5) is to determine whether.such an overvoltage condition occurs when

hattery is manually removed from the system.

cedure A shall be conducted if both of.the following are true.

Tlhe battery cannot be isolated from'the system by the user or installing technician without
gpening an enclosure that is net intended to be opened during installation, operation, or
mMaintenance.

Tlhe battery is connectéd“to the system in such a way that it is unlikely to beqome
disconnected during_shipping, installation, or normal operation and maintenance. |(The
blattery may be replageable by a technician using ordinary tools, as long as the conngctor
or other means ,of_disconnecting the battery is not accessible to the user during ord|nary

duct
that
B is
n be

provided by the manufacturer to the user, procedure A should be used.)

DD.4.3.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CC.2.

DC power supply.
DC voltmeter or multimeter.

resistor(s) selected to draw 0,1 mA + 10 % at the nominal port voltage for each port.

NOTE For voltages of 5V, 6 V, and 12 V, this requirement can be met using standard resistor values of 51 kQ,

62 k

Q, and 120 kQ, respectively, with 5 % tolerance.
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If procedure A (DD.4.3.4) is to be used, the following additional equipment, meeting the
requirements in Table CC.2, is required:

e electronic load or fixed and variable resistors as described in DD.4.2.2.

o (optional) battery simulator, as described in DD.4.1.2.

If used, the battery simulator shall have sufficient current capacity to trigger the overload
protection identified in the output overload protection test (DD.4.2).

DD.

The
be

(DD .§.3.4), the output overload protection test (DD.4.2) is also a prerequisite; it isclikely {
mos{ convenient to perform procedure A immediately after the output overload pretection

For

of charge sufficient to trigger the overload protection identified in.(the output ove
protgction test (DD.4.2). If no overcurrent protection was detected forcany port in DD.4.2

test

DD.

This|procedure is for products that meet both of the conditions in DD.4.3.1. If either cong
is ngt met, procedure B (DD.4.3.5) shall be performed instead.

mal

overload protection test (DD.4.2) by performing the procedure after DD.4.2 f), while
overload protection device is in the tripped‘state.

If the overload protection device that~disconnected the load in the output overload
(DD.A.2) can be identified from visual inspection, and if it can be determined with cert
throygh visual inspection of the  circuit that this device cannot isolate the battery from
systém in a way that would expose any appliance to the unregulated PV module voltage,

this
doc

a)

If “T battery simulator used for this test canm\sink and source sufficient current
int

4.3.3 Test prerequisites

Ft/isual screening (Annex F) and photovoltaic module |-V performance test (Annex Q)
erformed before performing the PV overvoltage protection test. For procedu

procedure A (DD.4.3.4), unless a battery simulator is used, the battery shall be at a

cannot be performed.

4.3.4 Procedure A

aining a regulated voltage, the test may.be performed concurrently with the o

procedure may be omitted. The process used to make this determination sha
umented. Otherwise, perform the following steps.
Determine the allowable port voltage limit for each port, using the following procedure

1) If the nominal voltage of the port (from Annex EE) is listed in Table DD.2, use
allowable port voltage limit from Table DD.2.

N
~

If thelnominal voltage of the port is not listed in Table DD.2, determine an approp

betonnected to the port, taking into account any existing conventions or standard

shall
e A
o be
lest.

tate
load
this

ition

vhile
tput
the

test
pinty
the
then
| be

the

riate

voltage limit using any available information about the loads intended or expected to

S as

well as any ms:rl(inge on or documentation prn\/ir{nd with the rr_\rnrhlr\f

Table DD.2 — Allowable port voltage limit by nominal voltage

Nominal port voltage Allowable port voltage limit
5 5,50
6 7,90
12 15,8

b) Calculate the maximum open-circuit voltage of the PV module using the following formula:

Vocmax =2 Vo, 57¢ ~Voe, TMOT
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where

v

%
v

0oC,max

is the maximum open-circuit voltage for the PV overvoltage protection test, in
volts (V);

oc,sTCc  Is the measured open-circuit voltage at STC, in volts (V);
oc,TMOT IS the measured open-circuit voltage at TMOT, in volts (V).

NOTE This is an estimate of the open-circuit voltage at 0 °C.

If the PV module of the DUT has not undergone the photovoltaic module I-V characteristics
test (Annex Q), the average values of the samples that underwent the photovoltaic module 1-V

charaeteristies—test-ArrexQ)shat-be-used-

c) Disconnect all removable appliances from the DUT.

d) If using a battery simulator, connect the simulator in place of the DUT’s battery and set
the output voltage to the standard operating voltage (H.5.2). (Omit this step if performing
the test concurrently with DD.4.2.)

e) Apply a load to one port of the DUT sufficient to activate (trip) the evercurrent proteftion
fpr that port identified in the output overload protection test. The~exact value of the|load
durrent is not critical for this test as long as it activates the “overcurrent protedtion.
Alternatively, if the overload protection device that operated”in the output overload
grotection test can be manually activated (e.g., by turning off a circuit breaker or remqving
d fuse), this may be done instead of activating the overload protection device by applying
gdn excess current.

f) CQonnect a DC power supply to the PV input connector of the DUT.

g) Apply a voltage equal to the maximum open-circuit voltage calculated in step b). Sett the
durrent limit to the short-circuit current of the RV module measured at STC.

h) Disconnect the load from the port.

i) Rerform the following steps for one portfrom each set of identical ports of the DUT.

1) Select a resistor to draw 0,1 mAatthe nominal port voltage. (See DD.4.3.2.)

4) Connect the resistor to the port:

Jd) Perform any actions necessary to turn on the port. (For example, if a DC socket is
controlled by a switch,:turn the switch on.)

4) Measure and record the voltage at the port.

j)  Turn on any powerswitches for any built-in appliances, as identified in F.4.1.5 c) 9).

k) Allow the built-in"appliances to remain turned on with the power supply applied for 20|min,
regardless oftwhether the appliance functions, unless a safety hazard develops (e.g.,

moke or a’burning smell). Record any abnormal operation.

) eset the-overcurrent protection device.

m) Test the functionality of the DUT. The DUT no longer functions if:

1

If the prnhlpm can be identified and rplnairnd hy fnllnwing instructions in the luser

3)

documentation (e.g., replacing a blown fuse or resetting a tripped circuit breaker),
using no tools except a screwdriver used to remove and insert screws, without creating
a safety hazard, repair the fault. Only spare parts included with the DUT (or their
equivalent, in case the supply of included spare parts is exhausted through repeated
testing) may be used. (For example, if a fuse is blown, and the manufacturer did not
supply replacement fuses, the DUT fails the test.) If the DUT is functional after the
repair, and the repair can be conducted without exposing the person conducting the
repair to a safety hazard, the DUT does not fail the test.

If the problem can be easily identified and repaired by the test laboratory, but requires
steps not documented in the user documentation, tools other than a screwdriver used
to remove and insert screws, or spare parts not included with the DUT, the DUT fails
the test. However, the test laboratory may, at its discretion, repair the fault and
continue the test.

In the test report, describe any repairs made.
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n)

0)

Record whether the DUT remains functional at the end of the test, whether any damage
occurred, and whether any user safety hazard is present. Describe any failures and take
photographs of any visible damage or safety hazards.

If the DUT has multiple port types, repeat steps e) through n) with the load connected to
one port of each type. (Exception: if two port types are protected by the same overcurrent
protection device, the test need not be repeated with the load applied to both port types.
This exception only applies if the test lab can determine with certainty the overcurrent
protection device that operates in each case.) Note that this procedure can result in
multiple voltage values for each port type; report the maximum voltage measured at each
port.

The PUT is considered to have sufficient protection from PV overvoltage if all of the following

are true.

Il features of the DUT, including built-in appliances, remain functional at the €nd of the
st.

o safety hazard developed during or after the test.

t

N

Tlhe highest voltage measured at each port did not exceed the allowable voltage|limit
calculated in step a) above.

If the overload protection test failed to detect any overload. protection for any port,| this
procedure cannot be performed. This should be considered, ‘a’/passing result for this [test,
sincg it is not possible for an overcurrent protection device te disconnect the battery from the

circdit in this situation. (However, the DUT would fail the output overload protection test.)

DD.4.3.5 Procedure B

This|procedure is for products that do not meefrboth of the conditions in DD.4.3.1. If [both

conditions are met, procedure A (DD.4.3.4) shall be performed instead.

Perform the following steps:

a)
b)
c)
d)
e)
f)

g)

h)

alculate the allowable port voltage limit according to DD.4.3.4 a).
alculate the maximum opentcircuit voltage of the PV module according to DD.4.3.4 ).

isconnect all removable appliances from the DUT.

onnect a DC power supply to the PV input connector of the DUT.

pply a voltage-equal to the maximum open-circuit voltage calculated in b). Se{ the

(

¢

O

Disconnect the battery from the DUT.

(

A

durrent limjtjtosthe short-circuit current of the PV module measured at STC.

the DUT )provides an indication of the fault condition (for example, a warning light, prror
ode,-0t-audible alarm), note the type of indication.

I
o
Rerform the following steps for one port from each set of identical ports of the DUT.
1

) Select a resistor to draw 0,1 mA from the port at the nominal port voltage. (See
DD.4.3.2.)

2) Connect the resistor to the port.

3) Perform any actions necessary to turn on the port. (For example, if a DC socket is
controlled by a switch, turn the switch on.)

4) Measure and record the voltage at the port.
Turn on any power switches for any built-in appliances, as identified in F.4.1.5 c) 9).

Allow the built-in appliances to remain turned on with the power supply applied for 20 min,
regardless of whether the appliance functions, unless a safety hazard develops (e.g.,
smoke or a burning smell). Record any abnormal operation.

Turn off the power supply.
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I) Reconnect the battery to the DUT.

m) Test the functionality of the DUT. If the DUT no longer functions, perform the following
steps.

1) If the problem can be identified and repaired by following instructions in the user
documentation (e.g. replacing a blown fuse or resetting a tripped circuit breaker), using
no tools except a screwdriver used to remove and insert screws, without creating a
safety hazard, repair the fault. Only spare parts included with DUT (or their equivalent,

in case the supply of included spare parts is exhausted through repeated testing)

may

be used. (For example, if a fuse is blown, and the manufacturer did not supply

replacement fuses, the DUT fails the test.) If the DUT is functional after the repair,

and
to a

(@)

0)

—Hh 1 T O T

The PUT is not required to function normally during the test, although any abnormal oper
shoald be noted in the test report.(The DUT is not required to provide indication of the

con
sho

N
~

tha ranair can ha oconductad \uithaont avinacina tha narcan ocoandiatina tha ranaiye
tHe—TepaT—oat oo Cte o rtroot STHHg—tt SO cortauttmg— e parn

TRPT

safety hazard, the DUT does not fail the test.

If the problem can be easily identified and repaired by the test laboratory, but'req
steps not documented in the user documentation, tools other than a screwdfiver
to remove and insert screws, or spare parts not included with the DU, «the DUT
the test. However, the test laboratory may, at its discretion, repair”the fault
continue the test.

) In the test report, describe any repairs made.

ecord whether the DUT remains functional at the end of the ‘test, whether any dan
ccurred, and whether any user safety hazard is present. Describe any failures and
hotographs of any visible damage or safety hazards.

he DUT is considered to have sufficient protection*from PV overvoltage if all o
bllowing are true.

llires
sed
fails

and

hage
take

the

All features of the DUT, including built-in appliances, remain functional at the end of

the test.
No safety hazard developed during or aftérthe test.

The voltage measured at each pert“did not exceed the allowable voltage
calculated in step a) above.

ition (for example, a warning_light, error code, or audible alarm), but any such indic
Id be noted and described.

DD.5 Reporting

Report the followihg in the protection test report.

e Metadata:

report name;
procedure(s) used;

limit

ation
fault
ation

DUT manufacturer;

DUT name;

DUT model number;

DUT setting;

DUT orientation;

test room temperature (°C);
name of test laboratory;
approving person;

date of report approval.

e Results for tested DUT aspects for samples 1 through n:
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presence of sufficient protection against miswiring (pass/fail);
damage present after miswiring protection test (pass/fail);

user safety hazard present after miswiring protection test (pass/fail);
fault indication for miswiring (yes/no, description);

repairs needed after miswiring protection test (yes/no, description);
presence of sufficient protection against output overload (pass/fail);
functionality after output overload protection test (yes/no);

damage present after output overload protection test (yes/no);

ables:

omments:

user safety hazard present after miswiring protection test (yes/no);

fault indication for output overload (yes/no, description);

repairs needed after output overload protection test (yes/no, description);
maximum testing current for each port (A);

maximum sustained current for each port (A);

presence of sufficient PV overvoltage protection (pass/fail);

functionality after PV overvoltage protection test (yes/no);

damage present after PV overvoltage protection test (yes/no);

user safety hazard present after PV overvoltage protection test (yes/no);
fault indication for PV overvoltage (yes/no, description).

table of results from miswiring protection_test including configuration descrig
description of fault indication, damage,)> safety hazard, functionality, and oV
pass/fail result after test for each configuration (see Table DD.3 for an example).

table of nominal voltage, voltage limit, measured voltage, functionality, and pas
result during PV overvoltage test:for each port and built-in appliance (see Table
for an example);

individual comments, as‘necessary, for samples 1 through »;

overall comments, as-necessary, for collective set of samples 1 through n.

tion,
erall

s5/fail
DD .4
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Table DD.3 — Example table of miswiring protection test results

Configuration | Sample Fault Damage? Safety Functional | Pass/fail Remarks
ID indication hazard? ?
PV reverse 1 Warning No No Yes Pass PV fuse replaced
polarity light with included
spare.
2 Warning No No Yes Pass PV fuse replaced
light with included
spare.
3 Warning No No Yes Pass PV fuse replaced
light with included
spare.
4 Warning No No Yes Pass PV fuse'replafed
light with.in€luded
spare.
Battery 1 Warning Yes Yes N/A Fail Control box
revefse light emitted smoke.
polafity Test was
discontinued.
2 Warning No No Yes Pass
light
3 Warning No No Yes Pass
light
4 Warning No No Yes Pass
light
PV/Qattery 1 - -- -- - - Test not
plugp swapped performed dug to
prior failure.
2 None No Yes No Fail
3 None No Yes No Fail

4 None No Yes No Fail
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Table DD.4 — Example table of PV overvoltage test results

Port or built-in Nominal Voltage Sample ID Measured Functional Passl/fail
appliance voltage limit voltage after test?
Vv Vv Vv
USB port 5 5,50 1 5,09 Yes Pass
2 5,08 Yes Pass
3 5,19 Yes Pass
4 5,36 Yes Fail
Ciggrettetighter +2 +5;8 4 2473 Y¥es =it
port 2 21,3 Yes Fait
3 21,7 Yes Fail
4 20,9 Yes Fail
5 mm barrel plug 12 15,8 1 21,4 Yes Fail
2 21,4 Yes Fail
3 21,5 Yes Fail
4 21,0 Yes Fail
Integrated light - - 1 - Yes Pass
2 -~ No Fail
3 - Yes Pass
4 -- Yes Pass
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Annex EE
(normative)

Assessment of DC ports

EE.1 Background
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DC ports (also called receptacles or outlets) are a key component of many stand-alone
renewable energy products; the specifications of the DC ports determine what appliances can

be powered—by-theproduet—AnrrextEE—contains—testprocedures—to—determine—the—feHtowing
properties of DC ports:
o the output voltage range and current-voltage relationship over a variety, of| ,Operating
conditions;
o the efficiency of the path from the DUT’s battery to the port;
e the ability of included appliances to function at the voltage suppligd by the port over a
viariety of operating conditions.
Universal serial bus (USB), a standard defined by the USB Implementers Forum, is a common
port format for charging mobile phones and other portable deviCes, as well as providing ppwer
to small electronic appliances. Annex EE contains additienal procedures to evaluatg the
perfgrmance of USB ports, including undershoot and overshoot during step increases| and
decrgases in current, to ensure that these ports can safely power mobile phones and ¢ther
portgble devices. These test methods are derived from the USB Battery Chafging
Spegification, revision 1.2, and the USB Battery Charging 1.2 Compliance Plan, revision| 1.0,
published by the USB Implementers Forum.
EE.2 Test outcomes
The test outcomes of the DC ports assessment are listed in Table EE.1.
Table EEi1"— DC ports assessment outcomes.
Metric Reporting units | Related aspects Remarks
Minimum port voltage for eaeh"port Volts (V) 4.2.7.5 DC ports One value for each port
Max|mum port voltage(foreach port Volts (V) 4.2.7.5 DC ports One value for each port
Plot$ of output voltage vs. output Volts (V), 4.2.7.5 DC ports Three or four plots for eagh
current, and associated data, for each amperes (A) tested port, and associated
portland each(simulated battery voltage tabular data.
Plot$ of output voltage vs. output Volts (V), watts 4.2.7.5 DC ports Three or four plots for eagh
powgr,/and“associated data, for each (W) tested port, and associated
portlahdveach simulated battery voltage tabular data

Plots of battery-to-port efficiency vs.
output current, and associated data, for
each port and each simulated battery
voltage

Percentage,
amperes (A)

4.2.7.5 DC ports

Three or four plots for each
tested port, and associated
tabular data

each set of multiple identical ports

Plots of battery-to-port efficiency vs. Percentage, 4.2.7.5 DC ports Three or four plots for each
output power, and associated data, for watts (W) tested port, and associated
each port and each simulated battery tabular data

voltage

Shared and individual resistances for Ohms (Q) 4.2.7.5 DC ports | These values are used to

adjust appliance power
consumption and battery-to-
appliance efficiency to
account for the simultaneous
use of multiple appliances.
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Metric Reporting units | Related aspects Remarks
Power consumption values for each Watts (W) 4.2.7.2 Power One value for each built-in
built-in appliance consumption appliance
Functionality of each appliance for Yes/no 4.2.71 Three values for each tested
each simulated battery voltage Appliance appliance
voltage
compatibility
Tables of peak overshoot voltages, Volts (V), 4.2.7.5 DC ports Three tables for each port,
minimum undershoot voltages, and milliseconds showing values for each
undershoot times for each port and (ms) current transition.
each voltage tested.
Max[mum power for each port Watts (W) 4.2.7.5 DC ports One value for each port
Pass/fail for functionality for each port Yes/no 4.2.7.5 DC ports One value for each port
Pass/fail for truth in advertising for Yes/no 4.2.7.5 DC ports One value for each,port
each) port
Datd line resistance for each USB port Ohms (Q) 4.2.7.5 DC ports One value for‘each USB gort
Voltage on D- line for each USB port Volts (V) 4.2.7.5 DC ports One yalue for each applichble
USB port
Voltage on D+ line for each USB port Volts (V) 4.2.7.5 DC ports One value for each applichble
USB port
EE.3 Related tests
The tests in Annex EE use some of the same equipment as the protection tests (Annex |DD),
partipularly the output overload protection test(DD.4.2), which is a prerequisite. |Test
laboratories may perform the DC ports tests imimediately after the protection tests to |take

advantage of equipment commonalities. However, since the protection tests are poten
destfuctive, they are generally not performed on the same samples.

Sevgral other tests, including the visual screening (Annex F), the charge controller beha

test

are ysed to derive operating parameters for the ports tests.

The Efficiencies measured in"EE.4.2 are used in the energy service calculations (Annex
The |voltage vs. currentiand power data measured in Annex EE are used in the appli
(Annex FF), including the determination of appliance operating voltage (Clause FF.5).

tests

EE.4

EE.4.

Perfomm-the fnlln\ulng efnpe_

Annex S), the solar charge test (Annex R), and the full-battery run time test (Anne

Procedure

1 (Preparation

tially

viour
K M),

GG).
ance

a) Identify the ports to be tested. All ports capable of supplying power, including mobile
device charging ports, shall be tested, except that if the DUT has multiple identical ports
only one port need be tested from each group of identical ports. Ports shall be considered
identical only if they have identical driver circuitry and identical voltage and current limits.

b) If multiple samples of the product are being tested, the selected port from each group
shall rotate between samples.

EXAMPLE Six samples of a product with three USB ports are to be tested. Port 1 would be tested on samples 1

and 4,

port 2 on samples 2 and 5, and port 3 on samples 3 and 6.

c) If a port has multiple selectable voltage settings, each setting shall be considered a
separate "port" for the purposes of testing.

d) Identify the maximum current for each port, using the following procedure.
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Use the maximum sustained current, measured in the output overload protection test
(DD.4.2), if the value could be determined and no damage or safety hazard occurred at
a current less than or equal to the maximum sustained current.

If, during the output overload protection test, damage or a safety hazard was noted
when a current less than or equal to the maximum sustained current was applied to the
port, the maximum current for this test is the highest possible current that does not
result in damage or a safety hazard.

If the maximum sustained current could not be determined during the output overload
protection test, the advertised or rated maximum current should be used. If there is no
advertised or rated maximum current, the test laboratory should request this

ne manufacturer of the DUT ;should be consulted to develop a plan to test the port.

irfermation—from—the—manufasturer—H-the—manufacturer—is—unrable—te—previde—the—ated
maximum current, the test laboratory should determine an appropriate maximum/value.
If possible, the value chosen should be at least the maximum current drawn“by the
advertised or included appliances. The following procedure can be used,,if necessary,
to determine the current required by an included or advertised appliance:

i) Setup the DUT according to EE.4.2.6 a) through c).

ii) For included appliances, connect the appliance to the port_at the highest sqtting
that will be measured (see Clause FF.6). For advertised cappliances, connegt an
electronic load set to constant-power mode, with the power setpoint deternjined
following the procedure in HH.5.2. If an electronic load” with this feature ig not
available, use constant-current or constant-resistance mode, or use a varjable
resistor, and adjust the load until the desired powervalue is achieved.

iii) Vary the power supply voltage (simulated batiery voltage) between the values
specified in EE.4.2.6 c¢) and i) through k).

iv) Record the highest value of port current medsured in steps ii) and iii).

A maximum current value of 2,5 A is generally appropriate for USB ports that can be
used to charge mobile phones or tablet,computers. The method used to determing the
appropriate maximum current value shall be documented and reported.

Ifdentify any special procedures requited to enable the output on each port. For example,
qome USB ports require an attached device to be enumerated and negotiate to regeive
dower in excess of a certain limit, and some products use proprietary tamper-propfing
dtrategies to supply power onlyto authorized appliances. If any such requirements gxist,
t
O
yi

etermine whether the port should be treated as a USB port for the purposes of this|test.

port shall be considered a USB port if any of the following is true:
the port accepts)a standard USB connector;
the DUT ingcludes an adapter that allows a USB connector to be connected to the port;

the portds’intended or expected to be used for charging mobile devices with a norpinal
DC input voltage of 5 V.

EE.4.2.1 Overview

EE.4.2.1.1 General

This test measures the relationship of output voltage and steady-state battery-to-port
efficiency to load current at three or four simulated battery voltages, defined in EE.4.2.6:

the typical battery discharge voltage (Clause M.8), corresponding to typical operation
during discharge;

a voltage corresponding to operation in a deeply discharged state;

(optional) the average charging voltage measured during the solar charge test (Annex R),
corresponding to typical operation during solar charging;

a voltage corresponding to operation during solar charging with a nearly full battery.
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In addition, several other parameters not directly related to port performance are measured at
the time of this test. These measurements are described in EE.4.2.1.2 through EE.4.2.1.4.

EE.4.2.1.2 Voltage droop measurement

For products with multiple identical ports, a load connected to one port can cause voltage
droop at the other ports. This can in turn affect the power consumption of appliances
connected to the other ports. The combined load can also affect the efficiency of the port’s
voltage regulator or DC-DC converter, if present. To measure these effects, the open-circuit
voltage of an unloaded port is measured.

EE.4.2.1.3 Appliance voltage compatibility

This|test also assesses the ability of built-in and removable appliances to functien.hormally
and without damage at the voltage levels supplied by the product’s ports under,these usage
conditions, and measures the power consumption of built-in appliances. These testgy are
carripd out in EE.4.2.6 f) through h). The number of appliance samples usediinsteps EE.4.2.6
g) and EE.4.2.6 h) should be the same as the number of samples requjred for the applipnce
ope[i%ing voltage range test. This may be different from the sample size“for the assessment
of ports. If the product specification requires a sample size. greater than one, gach
combination of product sample and appliance sample shall 4e’ tested. The specifying
orgahization should consider the added cost of testing multiplee combinations of product and
appliance when defining the sample size for the appliance opérating voltage range test.

EXAMPLE 1 The product specification requires a sample size of 1,for.the appliance operating voltage range test
and al sample size of 4 for the assessment of DC ports. The product includes a main power control unit and|a fan
withodit internal battery. Step EE.4.2.6 g) would be carried out\6 times: once for each voltage level and|each
powef control unit sample, using the same fan sample for each tést.

EXAMPLE 2 The product specification requires a sample‘size of 4 for both the appliance operating voltage range
test apd the assessment of DC ports; the other product details are the same as Example 1. Step EE.4.2.6 g) would
be cafried out 64 times: once for each combination of. voltage level, power control unit sample, and fan samplé.

The |laboratory may choose to perforny,;the appliance operating voltage test (Clause KF.8)
instegad of steps EE.4.2.6 g) and EE¥4.2.6 h) for some or all appliances included with the
product. The use of Clause FF.8 can’be advantageous in the following circumstances:

ne or more appliances\are used with more than one product under test. In qome
rcumstances, described.in FF.8.4, the results from a single test may be used for multiple
roducts with identical appliances.

ne or more lighting appliances without batteries have been previously tested according
b the input voltage range test of IEC TS 62257-12-1.

he laboratory testing the appliances does not possess samples of the full product.

he product specification requires a sample size greater than 1 for the appliance
perating voltage range test.

[ ]
O 4 H =0 T O O

In cases where _as identified in F.4.1.5 9) 10) and F 415 h) 1)7 mnlfipln :\ppli:\nr‘ne without
internal batteries that provide the same type of service, e.g. lighting, can be connected to a
single port, these appliances may be treated as a single appliance or as individual appliances.
The product specification may provide further guidance on treatment of these appliances.

EE.4.2.1.4 Built-in appliance power consumption

The test procedure includes an evaluation of the functionality and power consumption of built-
in appliances, such as a light or radio integrated into the power control unit. Built-in
appliances are defined in 4.1.4 and identified in the visual screening in F.4.1.5 c) 10).

The average power consumption of some built-in appliances is measured in the full-battery
run time test (Annex M) or appliance full-battery run time test (Clause FF.9). This is the case
for products with a single built-in light and for some products with built-in non-lighting
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appliances. For these built-in appliances, the average power determined from the full-battery
run time test (Annex M) or appliance full-battery run time test (Clause FF.9) can be more
representative of typical operating conditions than the single-point measurements performed
in the assessment of DC ports. In such cases, the measurement of power consumption in
EE.4.2.6 f) for the tested setting(s) of the appliances that underwent the full-battery run time
test or appliance full-battery run time test may be omitted, and the average power
consumption from the full-battery run time test or appliance full-battery run time test may be
used instead. This substitution is not possible if the full-battery run time test configuration
included multiple appliances (e.g. a built-in light and a removable, external light point).

EE.4.2.2 Equipment requirements

The following equipment is required. Equipment shall meet the requirements in Table CCPR.

e [C power supply with sufficient output current to achieve the maximum current’identified
m EE.4.1 d).

e Two DC ammeters or multimeters.

e Two DC voltmeters or multimeters.

e Hlectronic load or variable and fixed resistors with specifications-calculated in EE.4.2.6.

e Resistor(s) selected to draw a current of 0,1 mA £+ 10 % at the nominal port voltage for
elach port. (The electronic load may be used if it has sufficient resolution.)

NOTH For voltages of 5V, 6 V, and 12 V, this requirement can be met using standard resistor values of §1 kQ,
62 kQ, and 120 kQ, respectively, with 5 % tolerance.

In sgme cases, it can be necessary to use multipl® laboratory power supplies in parallel to
achig¢ve the required current. Unless otherwise specified by the power supply manufacturer, a
diod¢ should be used at the output of each powérsupply to prevent backfeeding. If the ppwer
supplies do not include current-sharing functiehality, set one power supply to constant-vo|tage
mode to control the voltage and set the rémaining power supplies to constant-current mode
with [a voltage limit not exceeding the battery’s overcharge protection voltage threshold, as
measured in the charge controller behaviour test (Annex S).

The purrents required in this testican exceed the maximum range of many multimeters. I this
casel|, a current transducer or.current sense resistor and voltmeter may be used instead ¢f an
ammeter or multimeter. The_yoltage should be measured at the DUT to compensate for the
voltage drop across the ammeter or current sense resistor.

If ap electronic load” is used, and the electronic load contains current and vol|tage
measurement functionality that meets the requirements for DC ammeters and voltmetefs in
Tablg CC.2 after accounting for any voltage drop between the port and the load,| this
funclionality(may be used instead of an ammeter and/or voltmeter at the port.

The electronic load shall be galvanically isolated from the power supply if this is necessgry in
orderto-avoid-altering-the-behaviouroi-the- DUT.

This test involves a calculation of electrical power; see Clause CC.3 for related
recommendations. For most products, the current and voltage will be constant during the test,
so it is not necessary to use a power-measuring instrument. However, some products
incorporate pulse-width modulation (PWM) controllers, e.g. for dimming lights connected to
the ports. For such products, if the PWM function is active during the measurement, a power-
measuring instrument should be used, as described in Clause CC.3.

EE.4.2.3 Test prerequisites

The output overload protection test (DD.4.2), charge controller behaviour test (Annex S), and
solar charge test (Annex R) shall be performed prior to the measurement of steady-state port
characteristics. In addition, if the deep discharge protection voltage is measured during the
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full-battery run time test (Annex M), this test shall be performed prior to the measurement of
steady-state port characteristics.

EE.4.2.4 Apparatus

Example apparatus for the measurement of port characteristics during discharge is shown

sche

matically in Figure EE.1.

Key
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type).
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Voltage and current measurements using DC multimeters and shunt resistors

Figure EE.1 — Schematic of the example DUT with DC port and USB port and variable

resistors connected for the measurement of steady-state port characteristics

EE.4.2.5 Special port features

EE.4.2.5.1 General

Some ports have special features that can complicate the testing process. Procedures are
defined for two types of special features: security or anti-tampering functions, and pulse width
modulation (PWM). For other special features that interfere with testing, the test laboratory
should work with the manufacturer to develop a procedure to test the product successfully.
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Appliances connected to ports with special features that interfere with testing may be tested
as if they were built-in appliances. However, if multiple appliances or combinations of
appliances can be connected to such a port, this option should be avoided when possible
since each configuration of appliances and settings would then be measured individually as a
separate "setting" of the built-in appliance.

EE.4.2.5.2 Ports with security features

Some products include security features so that the ports can only be used to power
"authorized" appliances included with the product or sold separately by the manufacturer. In
this case, the authorized appliances may be used as the load, instead of an electronic load or
varigble resistor. The measured current values snod € as close as possible 1o the_target
valug¢s specified in EE.4.2.6. If it is not possible to obtain at least three current valugs by
using the authorized appliances, the laboratory should work with the manufacturgr to
detefmine a way to test additional currents.

If the security feature is implemented by varying the current or voltage, a'\power-meastiring
instrument should be used as described in Clause CC.3.

EE.4.2.5.3 Ports with pulse width modulation (PWM)

Somg ports have PWM functionality incorporated into the powér,control unit, for example for
dimming a light or controlling the speed of a fan. The following-quantities should be recaorded
for the port, for each PWM setting and each port current value tested. (If the PWM duty ¢ycle
is continuously adjustable, use the minimum and maximum settings, and an intermegdiate
settihg if repeatable):

. n voltage (voltage during the part of the cycle:when the port supplies power to the lopd);

° n current;

n power;

uty cycle (the fraction of the time-tlrat the port is "on");

verage power;

. verage voltage (optional);

d
d
d
C
e Hrequency;
A
A
A

verage current (optional).

The jvalues at the highest setting should be used for the calculations and plots in Annex EE,
and these valuestshould be used in other test procedures that reference these data sefs. If
the PWM function is active even at the highest setting, the on current and voltage should be
used in the calculations and plots; the average values are provided only for information.

Thege quantities may be measured using an oscilloscope, power meter, or similar instrument,
or alcambination of instruments The on current and power may be determined hy meas 1ring
the instantaneous or average values during the on period or, if the off values are known to be
negligible, by dividing the average values (over the full cycle) by the duty cycle. (The latter
can be more accurate if the average power and duty cycle measurements have less
uncertainty than the instantaneous measurements, as can be the case if the average value is
measured with a power meter and the instantaneous measurements are made with an
oscilloscope.) The same methods may be used for the on voltage; however, the off voltage is
more likely to be nonzero, in which case dividing the average by the duty cycle will give an
incorrect result.

EE.4.2.6 Procedure
Perform the following steps.

a) Build the test configuration as in Figure EE.1.
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b)
c)

d)

Prepare the DUT sample according to Annex G.

Use a laboratory power supply to power the DUT power control unit according to Annex H.
Set the power supply to the typical battery discharge voltage (Clause M.8).

Measure the current and voltage at the battery with no loads applied, using the same
instruments that will be used in step e) 14). In the measurement of battery current, the
multimeter or ammeter should be set to the same range throughout the test so that any
offset will remain constant. Any power switches that do not control individual loads shall
be turned on. (For example, if the DUT has a master power switch, turn it on.)

For each port under test, perform the following steps.

) If there are mlllfipln identical ports. of this type, select ane to he the "loaded pnrf" and
one to be the "unloaded port." This selection may be arbitrary. The loaded port-is the
port to be characterized, to which the load is connected. The voltage at the-unlogded
port will be measured to characterize the effect of a connected load onl the o¢ther
ports.

N
~

Connect a resistor to the loaded port to draw a current of 0,1 mA-+ 10 % af the
nominal port voltage (see DD.4.3.2). If an electronic load will be used in place of the
safety resistor and variable resistor, the load may be used instead of a resistor if the
programming resolution is sufficient to achieve the required cudrrent value.

(@)
~

Measure the loaded port voltage using the same instrument that will be used in|step
14). Record the port voltage and either the port current or the resistor value.

4) Remove the resistor (if used).

(N
~

Connect a resistor of the same value used in step.2) to the unloaded port (if pregent).

gd) With the resistor connected, measure thefunhloaded port voltage using the game
instrument that will be used in step 14). This is the zero-load voltage.

1) If using an electronic load, connect the electronic load to the loaded port if this|was
not done in step 2) or 3). Skip steps 8) through 10) and proceed to step 11).

g) Calculate the safety resistor value, Rg,sety, COrresponding to a current of 100 % gf the
maximum current at the nominal-port voltage (from F.4.1.5):

| 4

__ “nom,port
Rsafety - I
max, port
where
Rsafety is«the safety resistor value, in ohms (Q);

Vhom,port (" 18"the nominal voltage of the port (from F.4.1.5), in volts (V);
I

The~safety resistor should have a power rating sufficient to allow the maximum
veltage of the port to be applied:

max,pott is the maximum current for the port, in amperes (A).

2
Vmax,port

Aumhty =

where

PRsafety is the maximum power rating of the safety resistor, in watts (W);
Vimax.port IS the maximum expected voltage of the port, in volts (V);
Rsafety is the safety resistor value, in ohms (Q).

9) Calculate the value of the variable resistor R, 4apie- The full-scale resistance of the
variable resistor in series with the fixed resistor Rg,et, should result in a current of
no more than 10 % of the maximum current for the port (EE.4.1 d)) at the nominal
port voltage (F.4.1.5):
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NOTH 1 Variable resistors are generally rated by their manufacturers according to thejmaximum
dissipation of the full resistance element. If a maximum current rating is not given by the compenent manufad
the mjnimum allowable power rating can be calculated based on the full-scale resistance:

f)
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Vnom
.port
Ryariable = - Rsafety

0,1x Inax,port

where

Ryariable is the variable resistor value, in ohms (Q);

Vhom,port is the nominal voltage of the port (from F.4.1.5), in volts (V);
Tmax,port is the maximum current for the port, in amperes (A);

Rsafety is the safety resistor value, in ohms (Q).

required current values (10 %, 20 %, 40 %, 60 %, 80 %, and 100 % of the maxi
current) to within 5 %.

2
i Rvariable = I ax,port Rvanable
where

PRyariable I8 the maximum power rating of the variable’/resistor, in watts (W);

Imax,port

R
10) Connect the safety and variable resistors, i séries, to the output of the loaded p

is the maximum current for the port, incamperes (A);

variable is the variable resistor value, in ohms (Q).

11) Adjust the variable resistor or electronic’ load so that the current is 10 % o
maximum current for the port (EE.4.1 d)), with a tolerance of £ 5 %. The elect
load should be used in constant-curfent mode if available.

12) Adjust the power supply voltagetso that the voltage at the battery terminals ren
constant, at the value set in ¢);throughout the test as the load is increased. It is
important to minimize any drift or droop in the simulated battery voltage.

13) Allow the voltage to stabilize, adjusting the power supply voltage if necessary.

14) Using a DC ammeter and voltmeter, or two multimeters, record the current
voltage at the loaded port. Simultaneously, measure and record the voltage
current at the battery input terminals and the voltage at the unloaded po
applicable).

60 %,80°%, and 100 % of the maximum current (within 5 %). If the DUT c4g
sustain 100 % of the maximum sustained current measured in the output ove
protection test, reduce the current to a level that can be sustained with a stable
voltage for the duration of the test. (In this case the 5 % tolerance requirement

maximum current of the port to be apphed and a resolutlon suff|C|ent to achlev

bower
turer,

the
ronic

ains
very

and
and
rt (if

15) Repeat steps 10) to 13) with total resistance values corresponding to 20 %, 40 %,

nnot
load
port
does
truth

not apply.) This situation does not in itself result in a failure for functionality or

in advertising (see EE.4.5). Reduce the current in increments of no more than
of the maximum current.

16) Perform any additional measurements necessary to verify compliance with
product specification, if applicable.

17) Disconnect the resistors or electronic load from the loaded port, and disconnec
resistor from the unloaded port if applicable.

5%

the

t the

Perform the following procedure for each built-in appliance, if any, as defined in 4.1.4 and
identified in the visual screening F.4.1.5 ¢) 10). Note that according to F.4.1.5 c) 10) some
light points may be considered "built-in" even if they can be unplugged. This step may be
omitted for certain built-in appliances that underwent the full-battery run time test or

appliance full-battery run time test, as described in EE.4.2.1.4.

1) Identify the appliance settings to be measured by referring to the procedure in Clause

FF.6 that pertains to the type of appliance under test.
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EXAMPLE For a fan, use the highest and lowest speeds.

2) Turn on the built-in appliance. Record whether the appliance functions correctly.

3) If testing at the typical battery discharge voltage, perform the following step
measure the appliance power consumption. These steps are not required at the
battery voltage, overcharge protection voltage, or average charging voltage.

i) Allow the appliance to stabilize according to the appropriate stabilization proce
in Clause FF.6. (It is not necessary to determine the appliance operating vol
according to Clause FF.5.)

ii) Measure and record the power consumption at the battery, following

s to
low-

dure
tage

the

appropriate procedure (i.e. test conditions and averaging period) in Clause FF.6.

i) If multinle settinas are to he measured reneat the measurement for each se
4 T ~J 7 T

ting,

following the appropriate stabilization procedure in Clause FF.6.

Ferform the following procedure for each included appliance, without an internalybat
intended to be connected to the port under test, other than built-in appliances, which
tested in step f). This step may be omitted for appliances that will underge the appli
dperating voltage range test (Clause FF.8). Repeat the step for all appliance samplg
described in EE.4.2.1.3.

1

) Connect the appliance to the port. If the appliance can bg' turned off, leave
appliance connected to the port but turned off for at least 5 min.

N)
~

Turn on the appliance and allow it to operate for at least 5 min. Record whethe
appliance functions correctly. If the appliance has multiple’ settings or operating m
operate the appliance for 5 min in a setting or, mode with high expected p
consumption and 5 min in a setting or mode with low,'expected power consumption

3d) Disconnect the appliance.

Rerform the following procedure for each appliance with an internal battery, intended {
donnected to the port under test, other than built-in appliances, which were tested in
f). This step may be omitted for appliances that will undergo the appliance oper
Joltage range test (Clause FF.8). Repeat the step for all appliance samples as desc
in EE.4.2.1.3.

1) Fully discharge the appliance’s battery. An appliance battery may be considered
discharged if the applianee turns off with a low-voltage disconnect or reaches
discharge endpoint detérmined in the appliance full-battery run time test (Clause F
It is not necessary, to-measure the appliance performance during the discharge
stop the discharge ‘precisely at the defined discharge endpoint. Alternatively

parameters from the battery test (Annex K).

\]
~

Connect.the appliance to the port and leave it connected for at least 5 min. Deter
whether{the appliance charges by observing the port current as well as any cha
indjcaters on the appliance. Record whether the appliance charges.

J) Fully charge the appliance’s battery. (Alternatively, use a different sample of

tery,
were
ance
s as

the

r the
bdes,
bwer

o be
step
ating
ibed

fully
the
F.9).
or to
the

battery may beremoved and discharged using a battery analyser, using the dischiarge

mine
ging

the

appliance with a fully charged battery.)

4) Connect the appliance to the port and leave it connected for at least 5 min. In some

cases, an appliance will briefly charge when connected even though the battery
fully charged. In this case, allow the appliance to stop charging (e.g., wait unti

was
| the

current drops to zero or to a low value) before starting the five-minute waiting period.

5) Disconnect the appliance from the port.

6) Check the appliance for functionality. Note any damage or abnormal operation.

Change the power supply voltage (simulated battery voltage) to the low-battery voltage,
given by the formula below, then repeat steps d) through h). (If the DUT will not turn on or
will not stay on at the selected voltage, increase the voltage in 0,05 V increments until the
DUT turns on, then decrease the voltage in 0,05V increments to the lowest value for

which the DUT remains on.)
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Vow =0 1%{Vocp ~Yooe )+ Vooe

where

Viow is the low-battery voltage, in volts (V);

Vocp is the maximum battery voltage measured during the active overcharge
protection test (S.4.2), or, if the active overcharge protection test need not be
performed for the DUT, the maximum battery voltage observed during the solar
charge test (Annex R), in volts (V);

Vbpp is the deep discharge protection voltage measured during the full- battery run

NOTH 2 This voltage typically corresponds to a remaining run time of approximately 5 % to 10 %_of the full-

batteny run time.
i) hange the power supply voltage (simulated battery voltage) to the maximum bgttery
Iltage measured during the active overcharge protection test (S.4.2), ©r; if the aftive
vercharge protection test need not be performed for the DUT, the/maximum bdttery
Iltage observed during the solar charge test (Annex R). Repeat steps d) through h) at

this voltage. (If the DUT will not turn on or stay on at the selected yoltage, decreasé¢ the
Itage in 0,05 V increments to the lowest value for which the DUT*remains on.)

or products whose ports cannot be used while the product is charging, use the maximum
attery voltage during the full-battery run time test (Annex)M) instead of the maximum
Iltage measured during the active overcharge protectioh/test or the solar charge |test,
nd omit step k). Typically, the maximum voltage during the full-battery run time test is the
Iltage immediately after the DUT is turned on.

k) ptional) Change the power supply voltage (simdlated battery voltage) to the avdrage
harging voltage measured during the solar charge test (Annex R). Repeat steps d) and e).
teps f) through h) need not be repeated attthis voltage.

EE.4.2.7 Calculations
Perform the following calculations for each simulated battery voltage measured in EE.4.2.

a) Hor each operating point tested, calculate the battery input power and port output ppwer
By multiplying the current and-voltage values.

b) Hor each battery voltage setting, calculate the idle power, Py , by multiplying the current
and voltage measured at the battery with no load applied.

c) Hor each batteryveltage setting, port, and load current, calculate the battery-tojport
gfficiency usingthe“following formula:

P
—min|1, P |x100%
oattport m"{ "Pyatt idle}(

where
Nbatt-porr——ts-the-battery-te-pert-efficioney—as—a-pereentage{%);

Pport is the port output power, in watts (W);

Ppatt is the power supplied to the DUT by the simulated battery, in watts (W);
Pigle is the idle power, in watts (W).

d) For each battery voltage setting and each setting of each built-in appliance, calculate the
power consumption using the following formula:

Papp = Toatt app ~ fide

where
Papp is the appliance power consumption, in watts (W);
Ppatt,app 18 the power supplied to the DUT by the simulated battery when the appliance

is in use, in volts (V);
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e)

(1) 55

Output voltage [V]

Efficiency

f)

g)

h)

Pigle is the idle power, in watts (W).

For each port and each battery voltage setting, plot the following (see Figure EE.2).
1) Output voltage vs. output current.

2) Output voltage vs. output power (Pport).

3) Battery-to-port efficiency (n7patt-port) VS- OUtput current.

4) Battery-to-port efficiency (7patt-port) VS. output power (Pyq).

(2) %
+Ubat, high +Ubat, high
+ Ubat, medium + Ubat, medium

xUbat, low xUbat, low

+|

~
)

-~

o

IS

Output voltage [V]

35 35

01 02 03 04 05 06 07 08 0 05 1 45 2 25 3 5
Outputcurrent[A] Output power [W]

+Ubat, high +Ubat, high
08 + . +Ubat, medium 0% + . +Ubat, medium
xUbat, low + xUbat, low

01 02 03 04 05 06 07 08 0 05 1 15 2 25 3 5
Outputcurrent[A] Outputpower [W]

IEC

Figure EE.2 — Example of the plots of port characteristics

Perf;rrm the following) calculations for each set of multiple identical ports at the typical battery
disc

arge voltage‘only:

Hor eachimeasurement condition, subtract the voltage measured at the unloaded port|from
the zero=load voltage measured in EE.4.2.6 e) 5). This is the shared voltage |drop

(szhared)'

= o 4 alids ot [y pu | 44l 1 pu | al 4
Ul TAUIT TITTasurciiiTiit COTTUTUUTT, SUUthraut U1 VUIdyT 1T1TTcadsurtu at uic 10qaucu pult rom

the voltage measured at the unloaded port. This is the individual voltage drop (AV;,qiv)-

Plot the shared voltage drop (AVgpareq) @nd individual voltage drop (AVj,q4iy) 8@s a function
of the current at the loaded port, excluding the measurement at zero current and the
highest measured current. Also exclude any additional points that appear to correspond to
an unstable or atypical operating condition; typically these points occur at higher currents.

Fit a line to each set of plotted points. The slope of AVgpeq in VoIts vs. port current in
amperes is the shared resistance (Rg10q), in Ohms, and the slope of AV, in volts vs.
port current in amperes is the individual resistance (R;,qj,), in ohms.

ndiv

NOTE The shared and individual resistance values do not necessarily correspond to physical resistances. In
particular, either or both values can be negative.
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EE.4.3 Dynamic measurement
EE.4.3.1 General

In this test, the dynamic performance of the DC port is evaluated. The DC port is loaded with
a variable pulsed load that represents the typical dynamic load (i.e. mobile charging, LED
driver). The voltage and current transients are analysed by recording the data acquisition
device (e.g. oscilloscope). Two different input voltages (high and low battery operational
voltage) are performed to evaluate the capability of the port to cope with the dynamic load at
different levels of states of charge.

This . qttery
Challging 1.2 Compliance Plan, revision 1.0, published by the USB Implementers Forumc

This|test may be omitted for all ports that are not USB ports as defined in EE.4.%

EE.4.3.2 Equipment requirements
The following equipment is required. Equipment shall meet the requirements in Table CC.R.

e Hlectronic load capable of generating a stepped curtent’ waveform as defined
im Table EE.2, with a minimum step duration of 20 ms and- three or four distinct cufrent
levels (including zero), depending on whether optional tests are performed. Many
mmercially available electronic loads meet this requitement; alternatively, the load|may
e constructed using fixed and/or variable power resisiors (see EE.4.2.6 for calculat|ons)
nd/or power MOSFETSs or similar switching devices

C power supply.

C
e [Digital storage oscilloscope or data-loggihg’ device capable of recording voltage|and
current at a rate of at least 1 000 samples per second. This functionality may be
imcorporated into the electronic load.

e (urrent transducer or current sensexresistor, if needed, to allow current to be recordgd by
the oscilloscope or data-logging -device. This functionality may be incorporated intg the
lectronic load. (For example,ssome electronic loads provide an analogue current mgnitor
gqutput.)

The Joscilloscope or data-logging device shall be galvanically isolated from the power sypply
and |oad if this is necessary in order to avoid altering the behaviour of the DUT. Any isolation
devige shall have sufficient bandwidth to accurately measure the voltage transients.

The |voltage dropwbetween the power supply and the DUT’s battery input terminals shall be
minimized; components such as ammeters and diodes (which are required or permitted in
EE.4.2) shallnot be included between the power supply and the DUT for the dynamic|port

used
using

EE.4.3.3 Test prerequisites

The test prerequisites are identical to those for the measurement of steady-state port
characteristics (EE.4.2).

EE.4.3.4 Apparatus

Example apparatus for the dynamic port measurement is shown schematically in Figure EE.3.
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D¢ power supply in place of DUT’s battery

DC-DC converter from the battery voltage to outputveltage

Standardized DC port (e.g. 12 V)

Standard USB female port

Cable with DC adapter and USB cable with shield and drain wire connected to the ground
Pylse load with a fixed resistor to prevent short circuit and variable resistors

Electronic switch controlled by/pulse generator

Additional USB port

© 00 N O 0o A W N

Oscilloscope

Figure-EE.3 — Schematic of the DUT with DC port and USB port
and.variable resistors connected for the dynamic measurement

EE.4.3.5 -<Procedure

The follewing steps shall be followed to evaluate the transient response of the port.

a) Build the test configuration illustrated in Figure EE.3 with pulsed load specified in
EE.4.3.2.

b) Use a laboratory power supply to power the DUT power control unit according to Annex H.
Set the power supply to the typical battery discharge voltage (Clause M.8).

c) Connect the voltage and current data acquisition device at the output of the DC port. Set
the logging interval or sampling rate to at least 1 ms or 1 000 samples per second.

d) Perform either of the following procedures to conduct the test. Procedure 1 can be
performed using low-cost equipment, while procedure 2 can be simpler to perform if a
suitable electronic load is used. The currents shall be accurate to within 5 %.

1) Procedure 1:
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Configure the pulsed load to alternate between the two current levels shown in the
first row of Table EE.2 with a frequency of no more than 5 Hz and duty cycle of
50 %.

Record the voltage and current for at least 100 ms after the current transitions

indicated in Table EE.2.

Table EE.2 — Current pairs for dynamic test

Row number Current 1 Current 2 Current transitions to
record
A A
f 070 Ot Risimgedye
2 0,1 0,5 Rising edge
3 0,0 0,5 Rising and falling eqges
4 (optional) 0,0 Maximum current from EE.4.1 d) Rising-and-falling eqges

Cha

Fging 1.2 Compliance Plan, revision 1.0, published by the USB Implementers Forumy

NOTIE This step waveform is based on the DCP overshoot and undershoot voltage test from the USB Baftery

N

e)

c
.
|
\
S
f)
d
d
i
|
)

not required by the product specification or if the maximum current from EE.4
is less than or equal to 0,5 A.

) Procedure 2:

i) Configure the pulsed load with a stepped current waveform similar to
illustrated in Figure EE.4 in order tolcapture all current transitions req
in Table EE.2. Omit row 4 if not required by the product specification or i

each step shall be no less than 1007ms.

oltage in 0,05 V increments to the lowest value for which the DUT remains on.) Omi

hange the power supply voltage to the maximum voltage measured during the a
vercharge proteetion test (S.4.2), or the solar charge test (Annex R) if the a

UT will net~turn on or stay on at the selected voltage, decrease the voltage in 0,

increments,»to the lowest value for which the DUT remains on.) Omit this step i

oltage-would be less than or equal to the typical battery discharge voltage.

tive
Ftive
vercharge protection test need not be performed for the DUT, then repeat step d). (If the

iii) Repeat steps 1) and 2) for the remaining current pairs/in-Table EE.2. Omit row 4 if

1d)

that
lired
the

maximum current from EE.4.1 d) iskless than or equal to 0,5 A. The duratign of

ii) Record the voltage and current *for at least 100 ms after the current transifions
indicated in Table EE.2.
hange the power supply voltage to the low-battery voltage calculated in EE.4.2.6 i), [then

cpeat step d). (If the DUT will"not turn on or will not stay on at the selected vol{age,
increase the voltage in 0,05V increments until the DUT turns on, then decreasq the

this

tep if the voltage would be greater than or equal to the typical battery discharge voltgge.

05 V
the
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