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I. Scope

A. General Scope

The purpose of the test procedure is to measure the energy efficiency of battery
chargers coupled with their batteries, which together are referred to as battery
charger systems. This term covers all rechargeable batteries or devices
incarporating a rechargeable battery and the chargers used with them. Battery
charger systems include, but are not limited to:

» electronic devices with a battery that are normally charged from ac line voHage-or
de-inpul-voltage through-an-internator externalpewer supply-and-a-dedicated
.

= the battery and battery charger components of devices that are designed to run
on battery power during part or all of their duty cycle (such as many portable
appliances and commercial material handling equipment);

= dedicated battery systems primarily designed for electrical or emergency backup
(such as emergency egress lighting and uninterruptible power supply (UPS)
systems);

= devices whose primary function is to charge batteries, along with the batteries
they are designed to charge. These units include chargers for power tool
batteries and chargers for automotive, AA, AAA, C, D, or 9V rechargeable
batteries.

B. Limitations
The scope is limited to those battery charger systems that operate on single-phase

| ac input power or.de-input-powerand that have a nameplate input power rating of 2
kW or less. The scope is also limited to battery charger systems whose battery has a
rated energy capadcity of 50 kWh or less. Battery chargers capable of charging
batterias both less than and greater than 50 kWh shall be tested only with suitable
batteries of 50 kWh or less.

Laboratory testing equipment used to test and analyze batteries is specificalty
excluded from the scope of this test procedure. Howsver, battery charger systems
that provide power for portable laboratory testing equipment are included.

( Styte Oefinition: Norma: Indent: Left: 15 pt. |

DOCKET

07-AAER-3

DATE MR 0 5
RECD. v 1 4 i




This test procedure provides for measurement of power factor and crest factor during
charging modes for only those chargers whose rated apparent power 18 high enough
for additional distribution losses to be greater than the error of measurement.

The scope includes a battery charger that is packaged or sold without batteries.
Section V.C herein specifies the selection of suitable batteries for test.

Some examples of battery charger systems included in this scope are: cellular and
cordless telephones, cordless power icols, laptop computers, cordless shavers,
uninterruptible power supplies emergency egress lighting, golf carts, portable [awn
tools, and rechargeable toys.

Note: The charging circuitry of battery charger systems may or may not be located within the housing
of the and-usae device itself, In many cases, the bettery mey be charged with a dedicated extemal

charger and powessupply-combinatisathat is separate from the device that runs on power from the
battery.

Note: This test procedure is not intended to test batteries in the absence of a cormesponding charger.
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BCI3-05: Battery Council Intemational, BC/ Specifications for Electric Vehicle
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BCIS-14: Battery Council International, Determination of Capacity of Lead-Acid
Industrial Storage Batteries for Motive Power Service, BCIS-14 Rev. DECO02.
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BCIS-16 Rev. DECO02.

Buchmann, Isidor, Batteries in a Portable World: A Handbook on Rechargeable
Batteries for Non-Engineers, Cadex Electronics Inc., 2001.

IEC 60050-300: International Electrotechnical Commission, Intemational
Electrotechnical Vocabulary- Electrical and Electronic Measurements and Measuring
. Instruments, {EC 60050-300, Edition 1.0, 2005.

IEC 80051: Intemational Electrotechnical Commission, Direct Acting Indicating
Analogue Efectrical Measuring Insiruments and their Accessories, IEC 80051, parts
1-9, Edition 5.0, 1997,

IEC 60254-1: International Electrotechnical Commission, Lead-acid traction batferies
— Part 1: General requirements and methods of fests, IEC 60254-1, Edition 4.0,
2005,

IEC 61056-1: International Electrotechnical Commission, General Purpose Lead-
Acid Batteries (Valve Regulated Types) — Part 1: General Requirements, Functional
Characteristics — Methods of Test, IEC 61056-1, Edition 2.0, 2002.

IEC 6§1951-1: International Electrotechnical Commission, Secondary cells and
batteries containing alkaline or other non-acid electrolytes — Portable sealed
rechargeable single cells — Part 1: Nickel-cadmium, IEC 61951-1. Edition 2.0, 2003-
2004.

IEC 81951-2; International Electrotechnical Commission, Secondary cells and
batteries containing alkaline or other non-acid electrolytes — Portable sealed
rechargeable single cells — Part 2: Nickel-metal hydride, IEC 61951-2, Edition 2.0,
2003.



IEC 61960: International Electrotechnical Commission, Secondary cells and batteries
containing alkaline or other non-acid electrolytes — Secondary lithium celis and
batteries for portable applications, IEC 61860, Edition 1.0, 2003.

IEC 62133: International Electrotechnical Commission, Secondary cells and batieries
containing alkaline or other non-acid electrolytes — Safety requirements for portabte
sealed secondary cells, and for batteries made from them, for use in portable
applications, IEC 62133, Edition 1.0, 2002.

IEC 62301: Intemational Electrotechnical Commission, Household Electrical
Appliances - Measurement of Standby Power, IEC 62301, Edition 1.0, 2005.

IEEE 100; Institute of Electrical and Electronics Engineers, The Authoritative
Dictionary of IEEE Standards Terms, IEEE 100, Edition 7.0, 20086.

|IEEE 1625: Institute of Electrical and Electronics Engineer Power Engineering
Society, Livium: IEEE Standard for Rechargeable Bafteries for Portable Computing,
IEEE 1625-2004.

NEMA WD6: Naticnal Electrical Manufacturers Association, Wiring Devices—-
Dimensional Specifications, ANSI/NEMA WDE - 2002

Hil. Definitions

A. Active Power (P)
Active power is the average value, taken over one or more cycles, of the
instantaneous power (which Is the product of instantanecus voltage and current).

B. Ambient Temperature
Ambient temperature is the temperature of the ambient air surrounding the UUT.

C. Apparent Power (S)
The apparent power (S) is the product of rms voltage and rms current (VA).

D. Batch Charger

A batch charger is a battery charger that charges two or more identical batteries
simultaneously in a series, parallel, series-parallel, or parallel-series configuration. A
batch charger does not have separate voltage or current regulation nor does it have
any separate indicators for each battery in the batch. When testing a batch charger,
the term “battery” is understood to mean, collectively, all the batteries in the batch
that are charged together. A charger can be both a batch charger and a multi-port
charger or multi-voitage charger.

E. Battery Chemistry
The chemistry of the rechargeabie battery, such as nickel cadmium, nickel metal
hydride, tithium ion, lithium pelymer, rechargeable alkaline, or lead acid.

Note; The chemistry of the battery is typically printed on the label of the battery itself, can be found in
the manufacturer's instructions, or can be obtained from the manufacturer of the battery system.

F. Battery Conditioning
A special procedure performed on a battery to ensure optimal performance.

G. Battery Discharge Energy
The energy, in watt-hours (Wh) delivered by the battery as measured by this test
procedure,



Note: This is the measured battery discharge energy as distinct from the Rafed Battery Energy defined
below.

H. Battery Maintenance Mode

The state in which the battery charger system is connected to input power, and the
battery charger may be delivering current to the battery in order to counteract or
compensate for self-discharge of the battery.

Note: [n this state, the battery is at or near 100% capacity.

Il. Battery Rest Period
A period of time, between discharge and charge or between charge and discharge,
during which the battery is resting in an open-circuit state in ambient air.

J. Charge Mode

The state in which the battery charger system is connected to input power, and the
battery charger is delivering current in order to bring the battery from a state of
discharge to a state at or near 100% capacity.

Note: a battery charger system may have more than one charge mode.

K. C-Rate

The rate of charge or discharge, expressed in terms of the rated charge capacity of
the battery. A discharge rate of cne-C draws a current (in amperes or milliamperes)
equal to the rated charge capacity (in ampere-hours or milliampere-hours) and would
thecretically discharge the battery in one hour. Other currents are expressed as
multiples of one-C, so 0.2C is one fifth of that current.

L. Crest Factor
For an ac or dc voltage or current waveform, the crest factor is the ratio of the peak
instantansous value to the root-mean-square (rms) value.

Note: Crast factor is expressed as a ratio, for example a pure sine wave has a crest factor of 1.414,

M. End-of-Discharge Voltage
Specified closed-circuit battery voltage at which discharge of a battery is terminated.

N. ExternaiPower Supply {ERS}Charger

Portion of the hatiery charger system ihat connects lo the AC source and provides at
least some power conversion funclion,

External power supphes-are-desigredis-conver achrovoltage-intelowveliase
cutpul-{eitherac-orderand-are-conlansdo-a-separatc-heusing from-the-produst
ey 3ropOwWoRRg-

ol Single-Veltage-External-Ac-De-ard As-Ac Power-SuppiiesNugust H:-2004. at
wwweoliclenipowersupplies-org.



N.O. Instructions

The instructions (or “manufacturer's instructions”) shall mean the documentation
packaged with the product in printed or electronic form and any informaticn about the
product listed on a website maintained by the manufacturer and accessible by the
general public. “Instructions” includes any information on the packaging or on the
preduct itself. “Instructions” also includes any service manuals or data sheets that
the manufacturer offers for sale to independent service technicians, whether printed
or in electronic form.

O.P. Multi-port Charger

A multi-port charger is a battery charger which charges two or more batteries (which
may be identical or different) simultaneously. The batteries are not connected in
series orin parallel. Rather, each pert has separate voltage and/or current
regulation. If the charger has status indicators, each port has is own indicator(s). A
charger can be both a batch charger and a multi-port charger if it is capable of
charging two or more batches of batteries simultaneously and each batch has
separate regulation and/or indicator(s).

PQ. Multi-voltage Charger

A battery charger that, by design, can charge a variety of batteries (or batches of
batteries if also a batch charger) that are of different rated battery voltages. A multi-
voltage charger can also be a multi-port charger if it can charge two or more
batteries simultaneously with independent voltage and/or current regulation.

Q.R. No-Battery Mode

The state in which the battery charger system is connected to input power, is
configured to charge a battery, but there is no battery connected to the charger
output.

Note: in this mode the system would begin charging a battery if one were
connected.

RS. Off Mode
The state in which the battery charger is switched “off’ using a switch located on the
charger, if such a switch is included, while the charger is connected to the input

powar source and used in accordance with the manufacturer’'s instructions.

Note: If the charger does not have an on/off switch, off mode is the same as no-
battery mode. [f the charger does have an on/off switch, the charger will not begin
charging a battery if one is connected while the charger is switched off.

Note: Products operating in Off Mode may still have some residual power
consumption, which is the purpose of measuring power consumption in the Off
Mode.

S.T. Power Factor

The power factor is the ratic of the active power (P) consumed in watts to the
apparent power (S), drawn in volt-amperes (VA).

PF=1
s



Note: This definition of power factor includes the sffect of both harmaonic distortion and phase angle
displacement between the current and voltage.

FU. Rated Energy Capacity
The product (in Wh) of the Rated Battery Voltage and the Rated Charge Capacity.

Note: This is distinct from the measured Battery Discharge Energy defined abova.

V. Rated Battery Voltage

The battery voltage specified by the manufacturer and typically printed on the label of
the battery itself. If a batch of batteries includes series connections, the Rated
Battery Voltage of the batch is the total voltage of the series configuration, that is, the
rated voltage of each battery times the number of batteries connected in series.
Connecting muitiple batteries in parallet does not affect the Rated Battery Voltagse.

Note: if not printed on tha battery, the rated battery voltage can he derived from the electrical
configuration and chemistry of the battery.

VW, Rated Charge Capacity

The capacity, usually given in ampere-hours (Ah} or milliampere-hours {mAh)},
specified by the manufacturer and typically printed on the label of the battery itself. If
a batch of batteries includes parallel connections, the rated charge capacity of the
batch is the total charge capacity of the parallel configuration, that is, the rated
charge capacity of each battery time the number of batteries connected in paraitel.
Connecting multiple batteries in series does not affect the rated charge capacity.

Note: it is the quantity of electric charge the manufacturer declares the battery can store under
particular pre-spacified test conditions.

WX, Rated Input Frequency

Range of ac input frequencies designed to operate the UUT; assigned by the
manufacturer and usually printed on the housing of the charging device. If the UUT
includes an EPS, this is the frequency of the input to the EPS, not the frequency of
the input to the other component(s) of the UUT.

X-Y. Rated Input Voltage

Range of ac or d¢ input voltage designed to operate the UUT; assigned by the
manufacturer and usually printed on the housing of the charging device. If the UUT
includes an EPS, this is the voltage of the input to the EPS, not the voltage of the
input to the other component(s) of the UUT (from the EPS).

¥z Total Harmonic Distortion (THD)

Total harmonic distortion is a measure of the degree to which a waveform departs
from a pure sinusoidal waveform. it is defined as the ratio of the vector sum of all
harmonic components {(greater than 1) to the magnitude of the fundamental. For
instance, for a voltage waveform, THD is defined by the equation:
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THD =




whaere V, is the rms voltage of the " harmonic.

AA, AA.  UUT
UUT is an acronym for “unit under test,” which in this document refers to the
combination of the battery charger and battery being tested.

BB. Inteqral Battery

Battery which is contained within the appliance and is not removed from the batiery
appliance for charging purposes. A battery that is 1o be removed from the appliance
for disposal or recycling purposes only is considered 10 be an inlegral battery.

CC. Detachable Battery

Battery which is contained in a separate enciosure from the appliance and is
miended 1o be removed from the appliance for charqing purposes. The battery pack
may contain additional circuitry.

DD. Cradle
Elecirical interface between integral battery producl and the rest of lhe batiery
charging syslem designed to hold the product between uses

IV. Standard Test Conditions

. General

The test sequence is summarized in the table below. Measurements shall be made
under test conditions and with the equipment specified below. For some products,
multiple tests are required. The required tests may be at different input voltages (see
Section 1V.D), different charge rates (see Section V.A), and using different batteries
(see Section V.C). When two or more of these apply, all combinations of specified
input voltages, specified charge rates, and specified batteries shall be tested.



Table A: Test Sequence

Description

Equipment Needed

Char

Batt

ery
Anal

Ac
Power
Meter

_yzer

Bat
Take ter ger
L n? y L
1 Record general T

x |
data on UUT

Battery ﬂF

2 conditioning, No X
Section VI.A [
Prepare battery

3 for test, Section No X

VLB

Battery rest

4 period, Section
VIL.C

Conduct Charge
Mode and Battery
5 Maintenance
Mode Test,
Section VI.D
Battery rest

6 period, Section
VILE

Conduct Battery
Discharge
Energy Test,
Section VI.F
Conduct No-
Battery Mode

8 Test and Off
Mode Test,
Section V!l

g Compile data into
report

|
x |

-

1

Yes X X X

£

Yes X X

B. Measuring Equipment
All input power measurements shall be made with a suitably calibrated power
analyzer. Measurements of active power of 0.5 W or greater shall be made with an
uncertainty of £ 2 %. Measurements of active power of less than 0.5 W shall be
made with an uncertainty of < 0.01 W. The power measurement instrument shall
have a power resolution of:

»  0.01 W or better for measurements up to 10 W,
= 0.1 W or better for measurements of 10 to 100 W,
= 1 W or better for measurements over 100 W.



Measurements of energy (Wh) shall be made with an uncerainty of < 2%.
Measurements of voltage and current shall be made with an uncertainty of < 1 %.
Measurements of temperature shall be made with an uncertainty of < 2 °C.

These tolerances comprise the combined accuracy of the measuring instruments,
the measurement techniques, and all other sources of error in the test procedure, at
the 95% confidence level.

Note: For suggestions on measuring low power levels, see IEC 62301, especially Section 5.3.2 and
Annexes B and D.

. Test Room

All tests, battery conditioning, and battery rest periods shall be carried out in a room
with an air speed near the UUT of < 0.5 m/s. The ambient temperature shall be
maintained at 20° C £ 5° C throughout the test. There shail be no intentional cooling
of the UUT by use of separately powered fans, air conditioners, or heat sinks. The
UUT shall be conditioned, rested, and tested on a thermally non-conductive surface.

Note: Products intended for conditions outside of this specified range may be tested at additional
temperatures, provided those are in addition to the conditions specified above and are noted in a
separate sacticn on the test report. When not undergoing active testing, batteries shall be stored at 20°
Ct 5°C.

Input Reference Source: Input Voltage and Input Frequency
If the UUT is intended for connection to AC line-voltage by use of a plug as defined

as one of the types specified in NEMA WDE, foroperatior-an-asine-vollage input it
shall be tested at a test vollage appropriate for the plug configuration except that

piugs intended for 125VAC and less shall be tested at 115VAC two-vellage-and
fraquency-combinations—346-4-at 60 Hz and 2303 a1 b Heifdsnameplate wipat

valage-and frequency-indicatethat-t can-operale safely urder-both condittiors—4
testing ai-boeth-sonditionsis-noipossible, the JUT-shall-be tesied at the-one voitage
and-fregquency combinaticn-abeve thatis-within ils nameplateveliage and fFrequency
FaRges.

Hthe WUT s intendad-for operatior-on-ac input atotherthar-hne-voitage, H-shail-be
tested-once-with-thefollowing combirationofveltage and frequeney:

Ali lesling 1s 10 be performed al €60 + 1 Hz

Aii components necessary to charge 'he battery must be included i the testing. if
components necessary for charging are not provided with the product {i.e. an
external charger), then those components as recommendec by the manufacturer for
charging must be included in the test

Note For example, f the produclis provided wilh an exlernal chargeg, il must be connected in the
intenided manner for charging. ¥ such an extornal charger 1s nol provided, then Ihe recommended
charger musl be connecled and lested wilh the product




LﬁarehaFgewrpeweﬁed—bya—@w-vouaq&dﬁ OF 3G m-pm an@ﬂ!&maﬁaiaﬁtuﬁe#eﬂher

The input veltage shall be within + 1 % of the specified voltage.
{Hheinput-vollage is ac, the input-froguencyshal-be-within+-1-% of the-specified

frequensy The THD of the input voltage shall be < 2%, up to and including the 13"
harmonic. The crest factor of the input voltage shall he between 1.34 and 1.49.

fordevoitagesupto- 10 W, £ 5.2V,
for dovolagesover 30V, £ 2 5%-ofthedevaltage

=10 -



V. Battery Charger Systemn Setup Requirements

A. -General Setup

The battery charger system shall be prepared and set up in accordance with the
manufacturer’s instructions, except where those instructions confiict with the
requirements of this test procedure. If no instructions are given, then factory or
“default” settings shall be used, or where there are no indications of such settings,
the UUT shall be tested as supplied. If the battery charger unit is powered by an
external power supply, it shall be tested with the external power supply packaged
with the unit.

If the battery charger has user controls to select from two or more charge rates (such
as regular or fast charge) or different charge currents, the test shall be conducted
with each of the possible cholces. If the charger has user controls for selecting
special charge cycles that are recommended only for occasional use to preserve
battery health, such as equalization charge, removing memory, or battery
conditicning, these modes are not required to be tested. The settings of the controls
shall be listed in the report for each test.

B. -Age of Battery Charger System

The UUT, including the battery charger and its associated battery, shall be new
products of the type and condition that would be sold to a customer. [t shall be
tested within 3 months of the date of purchase. If the battery is lead-acid chemistry
and the battery is to be stored for more than 24 hours between its initial acquisition
and testing, the battery shall be charged hefore such storage.

C. Selection of Batteries to Use for Testing

The battery or batteries to be used for testing are selected by a two-step process.
First, the technician shall determine all the batteries that are “associated with” the
charger, as described below. Then, from the set of associated batteries, the
technician shall select those to be tested, as described below.

1) Batteries "associated with” the charger shall be determined using Table B. For a
batch charger, technician shall follow first the procedure for either “packaged with
batteries” or “not packaged with batteries,” then consider all configurations of those
batteries.

-11-



Table B. Batteries Associated with a Charger

Conditions

Associated Batteries

Charger comes packaged with
batteries

(1) All batteries included with the
product, and

(2) Any and all optional or high-capacity
batteries sold by the same manufacturer
and identified in the instructions of either
the product or the battery as suitable for
use with the product

Charger is Charger

not manufacturer also
packaged sells batteries
with

batteries

Any and ali_ optional or high-capacity
batteries sold by the same manufacturer
and identified in the instructions of either
the preduct or the battery as suitable for
use with the product. Ary-and-all
readily-avatable-balieries the same
manufacturerand which the chargors
capable of sharging

Manufacturer does Any and all batteries recommended in
not sell batteries, the instructions as suitable for use with
but does the charger. If more than three
recommend manufacturers are recommended, it
batteries in the shall be sufficient to consider only
instructions readily available batteries by three major
manufacturers.
Manufacturer Any and all readily-available batteries
neither sells nor made by three major manufacturers and
recommends which the charger is capable of charging
batteries

For any batch charger (whether or not
multi-port and whether or not multi-
voltage)

Also include as a separate “associated
hattery”. every combination of two or
more identical batteries (meaning same
manufacturer and same model) as
determined above, connected in a
configuration that the charger is capable
of charging.

Note: Example 1: a AA charger can charga batches of either 2 or 4 AA batteries. It comes packaged
with 4 standerd AA batteries. The manufacturer also sells high-capacity AA batteries. Result; there are

four associated batteries:
2 standard AA

4 standard AA

2 high-capacity AA

4 high-capacity AA

Example 2: Another manufacturer makes a charger that charges batches of 2 or 4 AA batteries, or it
can charge 2 C or 2 D batteries. This manufacturer neither sells nor recommends baiteries to use with
it. A survey of some local retail stores show that manufacturers X, Y and Z are carmied at most stores.
The suivey also finds that: X sells both standard and high-capacity AA batteries and C and D batteries;
Y sells one type each of AA, C, and D; Z sells only one capacity of AA batteries. Result: there are

twelve associated batteries:

2 standard AA baiteries by X

4 standard AA batteries by X

2 high-capacity AA Battenes by X
4 high-capacity AA baiteries by X
2 C batteries by X

-12-

2 D batteries by X
2 AA batteries by Y
4 AA batteries by Y
2 C batteries by Y
2 D batteries by Y




2 AA batteries by Z 4 AA batteries by Z

2) From the list of associated batteries, technician shall use Table C to select the
batteries t¢ be used for testing depending on the type of charger being tested. A
charger is considered as:

a. Single-capacity if all associated batteries have the same rated charge capacity
and, if it is a batch charger, all batch configurations have the same rated charge
capacity; or

b. Multi-capacity if there are associated batteries or batch configurations that have
different rated charge capacities.

In many cases, multiple tests are required with different batteries. Each of these
batteries shall be tested at each applicable input voltage and each applicable charge
rate, as specified by Sections [V.D and V.A,

In Table C, below, each row represents a mutually exclusive charger type.
Technician shall find the single applicable row for the UUT, and test according to
those requirements.

Table C. Battery Selection for Testing

Type of charger Tests to perform
f Multi- Muiti- Multi- T Number Battery selection (from all

voltage? port? capacity? of tests configurations of ail
associated batteries)

No No No 1 Any associated battery

No No Yes 2 Lowest charge capacity
battery
Highest charge capacity
hattery

No Yes Yes or 2 Use only one port and use

No the minimum number of

batteries with the lowest
rated charge capacity that
the charger can charge

Use all ports and use the
maximum number of identical
batteries of the highest rated
charge capacity that the
charger can accommodate

Yes No No 2 Lowest voitage battery

Highest voltage battery

Yes Yes to either 3 Of the batteries with the

or both lowest voltage, use the one
with the lowest charge
capacity. Use only one port

L Of the batteries with the
L highest voltage, use the one

-13-




with the lowest charge
capacity. Use only one port.

Use all ports and use the
battery or the configuration of
batteries with the highest
totai rated energy capacity

D. Other Non-Battery-Charger Functions

Any optional functions controlled by the user and not associated with the battery
charging process {i.e., a radio integrated into a cordless tool charger) shall be
switched off. If it is not possible to switch such functions off, they shall be set to their
lowest power-consuming mode during the test. The actions taken by the technician
to reduce power use by non-battery charging functions shall be recorded in the
report.

If the battery charger unit has other electrical connections associated with its other
functicnality (such as phone lines, serial or USB connecticns, Ethernet, cable TV
lines, etc.) these connections shall be left disconnected during the testing.

Note: sorne examples of other functionality are:

Example 1: If there is a radio in the same housing as a tool battery charger, the radio shall be switched
off for all the tests. The user is no longer able to listen to the radlo, so the only functionality available to
the user (io be recorded on the repart) is the “On-Off switch for the radio.” If the radio also provides a
digital clock display that remains operating when the radio is switched off, that shall be noted in the
report as well.

Example 2: A cordless phone battery charger also contains the circuitry for monitoring the phone line for
a call. This functionality cannot be disabled and so shall be recorded on the test procedure report as
“monitoring phone lina for incoming call.”

E. -Duration of the Charging and Maintenance Mode Test
The charging and maintenance mode test, Section V1.D, shall be 24 hours or longer,
as determined by the items below, in order of preference:

1. If the battery charger has an indicator to show that the battery is fully charged,
that indicator shall be used as follows: If the indicator shows that the battery is
charged after 19 hours of charging, the test shall be terminated at 24 hours.
Conversely, if the full-charge indication is not yet present after 19 hours of
charging, the test shall continue untii 5 hours after the indicaticn is present.

2. I|f there is no indicator, but the manufacturer's instructions indicate that charging
this battery or this capacity of battery should be complete within 18 hours, the
test shall be for 24 hours. If the instructions indicate that charging may take
longer than 19 hours, the test shall be run for the longest estimated charge time
plus 5 hours.

3. If there is no indicator and no time estimate in the instructions, but the charging
current is stated on the charger or in the instructions, calculate the test duration
as the longer of 24 hours or:

RatedChargeCapacity(Ah)

ChargeCurrent(A)

Duration =14* +5Hours

-14 -




If none of the above applies, the duration of the test shall be 24 hours.

F. —Access to the Battery for Dnscharge Test

fealures-is-damaged,the-produst. bhau—b&mscafded—aﬂer {esting:

H-the-battery terminals-are not-clearly iabeled technician-shalbuse-a-volimeter o
wentify-the-positive-and-nogative terrnals.  H-there-ars-mere-than-twe terminals—the
additionat-ones are-usually a temperature sensorandiordata-ines:. Techaician shall
search-forthe-two-terminals-that give-largestvoltage-diferenco-and-are-ableto
delwversignificanteurrent{0.2GHrto-a-ead.

¥ the-teshnician,-despite-diligentefor-and-use-of the manufacturers-instructions:

we@em&eﬁemm%e«ceek

Battery conditioning (section V1. A), preparing the batiery for testing {section VI _B)
and battery energy test (secticn V1. F) all require discharging the system battery
Some systems are provided with addizional protective circuitry that should not be
bypassed during these tests. As such, the following procedure is to he followed:

1. _Carefully open the product, iocale the finai iwwad connections {far example, the
motor connecticns on a molor-operated appliance)

Repiace the final load with an adjustable resistor or a srogrammabie load
Fully charge the battery

Connect the battery if it is not aiready incorporated in the product

Turn on the product as would be done to gperate the final load, and ad;ust the
lgad

ARl

G. Batteries with No Rated Charge Capacity.

If there is no rating for the battery charge capacity on the battery or in the
instructions, then the technician shall determine a discharge current which meets the
following requirements. The battery shall be fully charged and then discharged at
this constant-current rate until it reaches the end-of-discharge voltage specified in
Table D. The discharge time must be not less than 4 hours nor more than 5 hours.
In addition, the discharge test (Section VI.F) (which may not be starting with a fully-
charged battery) shall reach the end-of-discharge voltage within 5 hours. The same
discharge current shall be used for both the preparations step (Secticn VI.B) and the
discharge test (Section VI.F). The test report shall include the discharge current
used and the resulting discharge times for both a fully-charged battery and for the
discharge test.
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For this section, the battery is considered as “fully charged” when either (a) it has
been charged by the UUT until an indicator on the UUT shows that the charge is
complete, or (b} it has been charged by a battery analyzer at a current not greater
than the discharge current until the battery analyzer indicates that the battery is fully
charged.

Note: When there is no capacity rating, a suitable discharge current must generally be determined by
trial and error. Since the conditioning step does not require constant-current discharges, the trials may
also be counted as battery conditioning. Further, the preparation step may be used as the proof that a
discharge current is suitable, provided that the battery is “fully charged.”

H. Power Factor and Crest Factor

Measurements of power factor and crest factor shall not be recorded for battery
charger systems with a rated input of 700VA or less.

Note: Input VA can be determined by multiplying input voltage (V) by input current
(A).

Vi. Measuring the Battery Charger System Efficiency

A. -Condition the Battery
No conditioning is to be done on lead-acid or lithium-based batteries.

NiCd or NIMH batteries that have not been previously cycled are to be conditioned
as follows: The batteries are to be fully charged and then fully discharged. This cycle
is repeated once, then the battery is fully charged again. This amounts to three
charges separated by two discharges. Either a battery analyzer or the UUT may be
used to perform the batitery conditioning.

NiCd or NiMH batteries that are known to have been through at least two previous
full charge/discharge cycles shall be charged cnly once.

Note: The full discharge, which is the battery preparetion step, should erase any memory effect in NiCd
or NIMH batterias. Any conditioning necessary for lead-acid or lithium batterias is genarally done by the
manufacturer before the product is packaged.

B. Prepare the Battery for Testing

Prior to testing, the battery shall be discharged. This discharge shall be done using
a battery analyzer that draws a constant discharge current of 0.2C. When the
battery voltage reaches the end-of-discharge voltage for that battery chemistry, the
discharge shall be terminated by opening the battery circuit.

If the battery has been previously used for testing (for example, testing the charger in
another mode) and the battery has just completed the Battery Discharge Energy Test
(section VI.F below), that battery may be considered as having just completed this
preparation step.
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If the discharge time required to reach the end-of-discharge voitage is less than 30
minutes, these additional steps shall be taken: The batlery shal! be recharged to
30% or more of its rated charge capacity. Then the battery preparation shali be
conducted again. If the discharge time is again less than 30 minutes, the battery
shall be considered defective. Technician shall repeat the test procedure with
another suitable battery.

C. -Battery Rest Period

The battery or batteries shall be rested between preparation and charging. The rest
period shall be at least one hour and not more than 24 hours. For batteries with
flooded cells, the electrolyte temperature shall be < 30 °C before charging, even if
the rest period must be extended longer than 24 hours.

D. Charge Mode and Battery Maintenance Mode Test

The Charge and Battery Maintenance Mode test measures the energy consumed
during charge mode and some time spent in the maintenance mode of the UUT.
Functions required for battery conditioning that happen only with some user-selected
switch or other control shail not be included this measurement. (The technician shall
manually turn off any battery conditioning cycle or setling.) Regularly occurring
battery conditioning/maintenance functions that are not controlled by the user will, by
default, be incorporated into this measurement.

During the measurement perod, power values shall be recorded at least every
minute. If possible, technician shall set the data logging to record the average power
during the sample interval. This aliows the total energy to be computed as the sum
of power samples (in watls) times the sample interval (in hours). If this setting is not
possible, then the power analyzer shall be set to integrate or accumulate the input
power over the measurement pericd and this result shall be used as the total energy.

Technician shall follow these steps:

1. Ensure that the battery(ies) used in this test have been conditioned, prepared,

and rested as described above.

Connect the metering equipment to the battery charger,

Ensure that user-controllable device functionality not associated with battery

charging and any batlery conditioning cycle or sefting are tumed off.

Record the start time of the measurement period, and begin logging the input

power,

Connect battery(ies) to the battery charger within 3 minutes of beginning logging.

After the battery(ies) are in inserted, record the initial time, power (W), power

factor, and crest factor of the input current. These measurements shouid be

taken within the first 10 minutes of active charging._Record “NA” for_power factor
and crest factor for systems iess than 700VA.

7. Record the input power for the duration of the charging period, as determined by
Clause V.E. The actual time that power is connected to the battery charger
system shall be within £5 minutes of the specified charging time.

8. During the last 10 minutes of the test, record the power factor and crest factor of
the input current. Record "NA” for systems {ess than 700VA.

9. Disconnect power for the batiery charger and terminate data logging. Record the
final time.

om & wb
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After the measurement period is complete, technician shall determine the average
maintenance mode power consumption as follows: Examine the power-versus time
data. ifthe last 4 hours show the power consumption to be steady or slowly varying,
use the average power value over the last 4 hours. if the maintenance mode power
is cyclic or shows periodic pulses, compute the average power over a time period
that spans an integer number of cycles and includes at least the last 4 hours.

E. -Battery Rest Period

The battery or batteries shall be rested between charging and discharging. The rest
pericd shall be at jeast one hour and not more than 4 hours. For batieries with
flooded calls, the electrotyte temperatures shall be < 30 °C before charging, even if
the rest period must be extended longer than 4 hours.

F. -Battery Discharge Energy Test

The purpose of this test is to measure the extractable energy from the battery
associated with the battery charger system. The battery used in this test shall be the
same battery used for previous tests in this section.

If multiple batteries were charged simuitaneously, the discharge energy is the sum of
the discharge energies of all the batteries:

a.) For a multi-port charger: batteries that were charged in the separate ports shall
be discharged independently.

b j For a batch charger: batteries that were charged as a bafch may be discharged
individually, as a batch, or in sub-batches connected in series and/or parallel. The
position of each battery in the batch configuration need not be maintained.

During discharge, the battery voitage and discharge current shall be sampled and
recorded at least once per minute. The values recorded may be average or
instantaneous values.

For this fest, technician shall follow these steps:

1. Ensure that the battery has been charged by the UUT and rested according to
the procedures above.

2. Set the battery analyzer for a constant discharge current of 0.2C and the end-of-
discharge voltage in Table D for the relevant battery chemistry.

3. Connect the battery to the analyzer and begin recording the voltage and current.

4. Whan the end-of-discharge voltage is reached or system circutlry terminates
discharge, the battery shall be returned to an open-circuit condition. if for any
reason, current continues 0 be drawn from the battery after the end-of-discharge
voltage-is first reached, this additional energy is not to be counted in the battery
discharge energy.

The battery discharge energy (Wh) is calculated by multiplying the voltage (V),
current {A) and sample period (h) for each sample, and then summing over ali
sample periods until the end-of-discharge voltage is reached.

Table D: Required Battery Discharge Rates and End-of-Discharge Battery Voltage
Battery Chemistry Discharge End-of-Discharge voltage
Rate
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\({z;llgfi;egulated Lead Acid 02cC 1.75 volts per cell
Flooded Lead Acid 0.2C 1.70 volts per cell
Nickel Cadmium (NiCd) 02¢C 1.0 valts per celi
Nickel Metal Hydride (NiMH) 0.2C 1.0 volts per ceil
Lithium lon (Li-lon) 02C 2.5 volts per cell
Lithium Polymer 0.2C 2.5 volts per cell
Rechargeable Alkaline 0.2C 0.9 vaolts per cell
Other Chemistries L 02C Per appropriate IEC
) standard

VII. No-Battery Mode and Off Mode Tests

These tests measure the power consumed by the charger when it is not charging a
battery. The tests shall be conducted after the Charging and Baftery Maintenance
Mode Test (Section VI.D), while the battery is resting or being discharged.

if Section V.C requires testing with more than one battery, the No-Battery Mode and
Off Mode tests do not need to be repeated with each battery. If the charger has
multiple charging modes, as described in Section V.A, the No-Battery Mode Test
shall be performed for each mode and at each input voltage (see Section IV.D). The
Off Mode Test neads to be performed only once at each input voltage (see Section
IV.D).

A. Setup

Technician shall determine which of these three categories best describes the

product: (

1. The charger, the battery, and the product being powered are never disconnected
during normal use of the product. There is only a power cord between the power
source and the single housing that contains all of these components.

Examples: Most emergency egress lights, UPSs and standby power supplies, many
electric shavers and electric vehicles.

Note: In these products, it may be possible for the consumer 1o disconnect the battery for battery
replacement, but the battery is not disconnected during normal use.

2. The charger and the product being powered are not connected. The batteries
are moved between them for charge and product end use.

Examples: Many cordless power tools and most AA and universal battery chargers.

3. The battery and the product being powered stay connected during normal use.
The product can be readily connected to or removed from a charger or a
charging base.

Examples: most cordless phones, cell phones, laptop computers, and electric
toothbrushes, many cordless vacuums and most automotive and golf cart chargers.
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Note: This category applies even if tha charge control circuitry is in the device with the battery and the
external “cherger” is really a constant-voltage power supply, such as most laptop computers,

Category 1 Products

The no-battery test does not apply to products in Category 1. Fhe-maintenanse
ode-pewesThe ng

battery niode power shall be reported as "not applicable” (NA), The off mode test

may or may not apply depending on the following:

s [f the product does not have an "en/off" switch that turns the charger off, the
off power will be the same as the maintenance mode power. The
maintenance mode power shall also he reported as the off mode power and a
separate test shall not be conducted.

« If the product has an “on/off” switch for the charger, the off mode test shall be
conducted. The charger shall be connected to input power. The battery shall
be disconnected from the charger.

Note: the battery should be resting open circuit at this stage in preparation for the battery discharga
energy test of Section VI.F.

Cateqgory 2 Products

Both the no-battery mode and off mode tests shall be conducted for products in
category 2. After completion of the Battery Charging and Maintenance Mode Test,
the batteries shall be removed from the charger and the charger shall be connected
to input power. Do not change any settings or controls on the charger for the no-
battery mode test.

Category 3 Products

Both the no-battery mode and off mode tests shall be conducted on products in
category 3. After completion of the Battery Charging and Maintenance Mode Test,
set up the product for the no-battery mode test as follows:

s |f the product has a charging base: the portable device shall be removed from
the charging base and the charging base shall be connected to input power.
-an-ERS the ERS shall be-cornected to-input-power
and-to-the-charging base-
« [f the product does not have a charging base but does have an detachable
external charger-oran-ERS: the product shall be disconnected from the
charger erthe-ERS. The charger-orERS shall be connected to input power.

Technician shall not change any settings or controls on the charger or charging base
for the no-battery mode test.

B. No-Battery Mode Test

1. After connecting and powering the UUT in its no-battery mode setup, allow it to
operate for at least 30 minutes.

2. Integrate the energy consumed over a time period of at least 10 minutes,

3. Record the power factor and the crest factor of the input current at some time
during or after the 10-minute period.
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4. Divide the ensrgy (Wh) by the integration time (in hours) to get the No-battery
Mode Power (W).

C. -Off Mode Test

If there is not an “on/off’ control which turns the battery charger off, the Off Mode
Test is not applicable. In this case, report the Off Mode power, power factor, and
crest factor as being the same as the No-Battery Mode measurements or, for
Category 1 products, the Maintenance Mode measurements. If there is an “onfoff”
control for the charger, perform the following steps:

1. After completion of the No-Battery Test, if applicable, set the “on/off" control in
the “off” setting.

Allow the charger to operate for at least 30 minutes.

Integrate the energy consumed over a time period of at least 10 minutes,
Record the power factor and the crest factor of the input current at soms tims
during or after the 10-minute period.

Divide the energy (Wh) by the integration time (in hours) to get the Off Mode
Power (W).

U

VNI, Reporting Requirements

The following information shall be recorded about each UUT and each test
performed. Quantitative values shall be reported to the precision of the
measurement, not rounded by technician.

-General

Name of technician performing the test

Organization performing the test

Location of the test (physical address)

Time and date of each test

Make and model of measurement equipment

Input power voltage (V)

Input frequency (hertz)- ifas

Manufacturer and rnodel number of battery charger

Qther functionality of battery charger, if any (see section V.D for more detalls)
10. Manufacturer and model number of battery

11. Standard size or type of battery (AA, C, D, etc.) if applicable

12. Number of batteries employed in the test

13. Battery chemistry

14. Rated battery voltage (V)

15. Rated baftery capacity (Ah or mAh)_if known)

18. Type based upen battery lecatior: integral or detachable

15-17. If integral, is there a "cradle?”

16-18. Any information provided by the manufacturer regarding access to the
battery, particular safety requirements, etc.

DN BN

B. Charge and Maintenance Mode Test
1 Total charger input energy (Charge and Maintenance Energy) accumulated over

the entire duration of the test (Wh)
2. The total time duration of the charging test (at least 24 hours)
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3. Average power during maintenance mode (W)

4 _The time duration used for the maintenance mode power {at least 4 hours)

5. True power factor at beginning and end of the charge test

6. The crest factor of the input current at the beginning and end of the charge test

7. The length of the rest period before charging (hr:min) and, if applicable, the
electrolyte temperature at the beginning of charging (°C).

8. Sample rate used during test(s)

9. The steps taken, if any, to turn off or reduce the power consumption of other
functionality and a description of the othsr functionality that could not be turned off, if

B.C. Battery Discharge Test

1. Energy delivered during discharge (Wh)

2. Starting battery voltage (V)

3. Ending bhattery voltage (V)

4. The length of the rest period before discharge (hr:min) and, if applicable, the
electrolyte temperature at the beginning of discharge (°C)

5. Sample rate used during test(s)

6. A brief description of the steps taken, if any, to gain access to the battery
terminals.

.D. No-Battery Mode and Off Mode Tests

Category of product

Average no-battery mode power (W)

No-battery mode power factor and input current crest factor
Average off mode power (W)

Off mode power factor and input current crest factor

NEWN=O

BE. _ General

Gha&geaaé-an&enaae&Meé&Emeeﬂe%wmewh&Baﬂe%Dﬁeha@eEﬂe@y

{ilem-C Hdivided by lhe-Accumulaled Charging and Marienanse-Energy-{item B3,

expressea-as-a-percentage-

1. Any observations, notes or comments by the lab technician, in general or as
required for certain special cases and exceptions.
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