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FOREWORD

The Office of Law Enforcement Standards (OLES) of the National Institute of Standards
and Technology furnishes technical support to the National Institete of Justice program to
sirengthen law enforcement and criminal justice in the United States. OLES’s function is to
conduct research that will assist law enforcement and criminal justice agencies in the selection
and procurement of guality equipment.

OLES is: (1) subjecting existing equipment to laboratory testing and evaluation, and (2)
conducting research leading to the development of several series of documents, including
national standards, user guides, and technical reports.

This document covers research conducted by OLES under the sponsorship of the National
Institute of Justice. Additional reports as well as other documents are being issued under the
OLES program in the areas of protective clothing and equipment, communications systems,
emergency equipment, investigative aids, security systems, vehicles, weapons, and analytical
techniques and standard reference materials used by the forensic community.

Technical comments and suggestions concerning this report are invited from all interested
parties. They may be addressed to the Director, Office of Law Enforcement Standards, National
Institute of Standards and Technology, Gaithersburg, MD 20899,

David G. Boyd, Director

Office of Science and Technology
National Institute of Justice
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BACKGROUND

The Office of Law Enforcement Standards
(OLES) was established by the Mational
Institute of Justice (N1} 1o provide focus on two
major ohjectives: (1) to Nind existing equipment
which can be purchased today, and (2) to
develop new law-enforcement equipment which
can be made available as s00n as possible. A
part of OLES's mission 15 (o become thoroughly
familiar with existing equipment, to evaluate its
performance by means of objective laboratory

conventional format, that details the
performance that the eguipment is required to
give, and describes tes1 methods by which its
actual performance can be measured. These
requirements are technical, and are stated in
terms directly related 1o the equipment s use.
The basic purposes of a standard are (1) 1o be a
reference in procurement documenis created by
purchasing officers who wish to specify
equipment of the “standard™ quality, and (2) 1o

tests, to develop and wdentifly objectively
improve these . ; ; equiprment of
methods of test, to acceptable

develop performance A standard is not intended to fﬂfﬂ”ﬂ performance.

starsdards for
selected equipment
items, and to prepare
puidelines Tor the
selection and vse of
this equipment. All of these activities are
directed toward providing law enforcement
agencies with assistance in making pood
equipment selections and acquisitions in
accordance with their own requirements,

Ag the OLES program has matured, there has
been a gradual shift in the objectives of the
OLES projects. The initial emphasis on the
development of standards has decreased, and the
emphasis on the development of guidelines has
increased. For the significance of this shift in
emphasis o be appreciated, the precise
definitions of the words “standard™ and
“guideline” as used in this context must be
clearly understooad.

A “standard™ for a particular item of equipment
is understood o be a formal document, in a

and guide the reader; that is the

function of a guideline
EEEEEEEEESEEEEEEEssssssssss——  i1form and guide the

Mote that a standard
15 not intended to

reader; that is the
function of a “guideline.” Guidelines are written
in non-technical language and are addressed 1o
the potential user of the equipment. They
include a general discussion of the equipment,
its important performance attributes, the various
miadiels currently on the markist, objective test
data where available, and any other information
that might help the reader make a mtional
selection among the various oplions or
alternatives available 1o him or her.

This battery guide is provided to inform the
reader of the latest technology related to batiery
composition, battery usage. and battery charging
technigues.

Kathleen Higgins
Natiowal Institute of Standards anad Technology
March 27, 1997
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COMMONLY USED SYMBOLS AND ABBREVIATIONS

mpere
alternaling current

amplitude modulation

candlela
centimeter
chemically pure
cycle per second
day

decibel

direct curment
degree Celsius
degree Fahrenheit
diamester
electromative fonse
couaton

farnd

foocandle

figure

frequency modulation

foot

foot per second
pcoeleration/gravity
gram

grain

areg=unir’ {e.g., ft’, in®, etc.); volume=unit’ (e.g., i, m', etc.)

35ZFSEEESCC-SSEEZLTE
= :

F=3883

henry

howr

high frequency
heriz (cfs)
inside diameter
inch

infrared

Joule

lambert
liter
pound

pouwnd-force
pound-force inch

luinen

logarithm (natural)
logarithm (common )
melar

e

manwte

millimeter

mile per hoar
meler per second
NEWIOn

newton meler

ﬁg“}li‘.’.g:ﬂ'ﬁ e l:'glgg

PREFIXES
d deci (1071 da deka (10}
€ centi (10) h hecto (10°)
m milli (10%) k kil {10%)
u micro {107} M mega (10F)
n nano { 10%) (¥ giga (10%)
P pica (10°) T tera (10'%)

COMMON CONVERSIONS (See ASTM E380)

fuigsel), 3064 BO00=ms
fxl 3(MA=m
fodbfucl 3558 B=]
el G TR =y
inx2. 54=cm

KW hoe 3E0000=]

Iboc). 4535924 =k g
Ihfad d4R X3 I=M
Ibfifes 1 4. 59390=N/m

Ibfinsdl. | I 39E48=Nm

Iblfin*6894.757=Pa
mph1.609344=km/h
il 9463529=1

Temperature: (T~ 32)x59=T..
Temperature: (T, =CW532=T.,

nNammneLer

number

outside dinmeter
odirm

page

pascal

probable error
pages

part per million
cquart

radian

radio frequency
relative humidity
secomd

stundard devinfion
secLion

standing wave raiio
ultrahigh frequency
ultraviolet

volll

very high frequency
wall

weavelengih

weight
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batieries,” "one-fifth the weight of N:-Cd
baticrics.” and can be recharged 500 times.”

In general, secondary (rechargeable) lithium-
ion baneries have a good high-power
performance, an excellent shelf life, and a
better life span than Ni-Cd baltenes.
Unforunately, they have a very high initial
cosl and the total enerpy available per usage
eycle is somewhat less than Ni-Cd batteries.

2.4 SPECIALTY BATTERIES (“ButToN" AND
MINIATURE BATTERIES)

“Button”™ batteries are the nickname given o
the category of batteries that are small and
shaped like a coin or a button. They are
typically used for small devices such as
cameras, calculators. and electronic watches.

Miniature battenies are very small batteries
that can be custom built for devices, such as
hearing aids and electronic “bugs,” where
even button batteries can be too large. Industry
standardization has resulted in five 1o en
standard types of miniature bateries that are
used throughout the hearing-aid industry.

Together, button battenies and miniature
hattenes are referred 10 as specialty bateries.

Most button and mingature battenes need a
very high encrgy density 1o compensate for
their small size. The high energy density is
achieved by the use of highly eleciro-
postlive-—and expensive—metals such as
silver or mercury. These metals are not cost
effective enough 1o be used in larger battenes.

“Bauery Engineering Web Site,
hitpeifwww batteryeng comd. Augus| 997,

several compositions of specialty bateries are
described in the following sections.

24.1 Metal-Air Cells

A very practical way (o obtmn high energy
density in a galvanic cell 1s to utilize the
oxyvEen in air as a “liquid” cathode, A metal,
such as zine or aluminum, is used as the
anode. The oxygen cathode is reduced in a
portion of the cell that 15 physically isolated
Irom the anode. By using a gaseous cathade,
more room 15 available for the anode and
electralyte, so the cell size can be very small
while providing good energy output. Small
metal-air cells are available for applications
such as hearing aids, watches, and clandestine
listening devices.

Metal-air cells have some technical
drawbacks, however, i is difficult to build and
maintain & cell where the oxygen acting as the
cathode is completely isolated from the anode.
Alsn, since the electrolyie is in direct contact
with air, approximately one (o three months
after it is activated, the electrolyle will become
too dry to allow the chemical reaction 1o
continue. To prevent premature drying of the
cells, a seal is installed on each cell at the time
of manufacture, This seal must be removed by
the customer prior to first use of the cell.
Altemnately, the manufacturer can provide the
battery in an air-tight package.

2.4.2  Silver Oxide

Silver oxide cells use silver oxide as the
cathode, zinc as the anode, and potassium
hydroxide as the electrolvie. Silver oxide cells
have a moderately high energy densaty and a
relatively flat voltage profile. As a result, they
can be readily used 10 create specialty

12

10





