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FOREWORD

This order contains the information necessary to properly
sel ect and size batteries for either existing or proposed Federal
Avi ation Adm nistration (FAA) equipment or facilities which are
or will be dependent on battery systens for backup el ectrical
power .

The rechargeabl e batteries which have been determ ned to be
nost suitable for application to the present and future FAA
requirenents are discussed herein. Ineach instance where a
battery type is concerned, theory and chemstry in addition to
operating paraneters are covered in detail

Robert E, Brown
Acting Director, Program
Engi neering Service
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CHAPTER 1. GENERAL

| PURPOSE. This order provides battery theory and sel ection
procedures for new and repl acenent secondary (rechargeable)
pbatteries for application in FAA equipment and facilities.

Battery facility design considerations are included as chapter 4.
This order be should be used in conjunction wth FAA

Order 6980.26, Battery Backup Power Systens - Theory And

Sel ection Guidelines, when devel oping requirenents for a conplete
direct-current (de) battery operating standby power distribution
system

2 DISTRIBUTION. This order is distributed to branch level in
t he Program Engi neering Service and Systens M ntenance Service
in Washington headquarters; to branch level in the regional
Airway Facilities divisions; and to branch level in the Facility
Support Division and the FAA Acadeny at the M ke Monroney
Aeronautical Center.

3 CANCELLATION. This order cancels Oder 6980.24, Battery
Theory and Selection Quidelines, dated February 7, 1983.

4 ACTION. The battery theory and sel ection procedures given
in this order shall be used to select and size new and
repl acement batteries for FAA equiprment and facilities.

5 BACKGROUND. I n the past, the FAA has depended primarily on
engi ne generators to provide stand-by power to its facilities.
Advances in solid-state technol ogy and increased use of direct-
current-powered el ectronic equi pnent has pronpted the agency to
I nvestigate other sources of stand-by power. In enmploying these
systens, the selection of the optinmumbattery is critical. This
order has been revised to provide nore detailed information and
gui dance in the selection of the nbost cost effective battery
system In addition, the battery facility design chapter has
been expanded to include nore considerations to inprove battery
performance, battery life and human safety.

6 DEFI NI TI ONS. The definitions of selected words used in the
text of this order are provided in this paragraph. These

sel ected words are either not of wide and ordinary use, or the
meani ng of the word as used herein is different fromordinary or
normal usage.

a. Ampere-Hours The product of direct current in
anperes, nultiplied by the time in hours that the current exists
'b. Batterv. An electrochem cal energy storage device,
consi sting ofone or nore cells.

C. CRate. Discharge orcharge current rate in anperes;
numerically equal to rated capacity of a cell in anpere-hours.
Chap 1
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d cell. A single electrochenmical couple. A cell
consists of a container, a positive plate or group of plates
connected to the positive cell termnal, a negative plate or
group of plates connected to the negative cell termnal, and
el ectrol yte.

€. cell Reversal El ectrochem cal reversal of polarity of
the plates of a secondary battery cell due to forced discharging
(reversedlpolar|ty charging) after the cell voltage has decreased
to zero volts.

f. Cell Voltage, The voltage neasured at the battery cel

terminals.

g Condition of a cell in terns of the
di scharge capacity remaining in the cell relative to the dis-
charge capacity of a fully charged cell.

h Charge Rate. The current at which a secondary cell or
battery is charged. It may be expressed in anperes or as a

fraction or nultiple of the battery's capacity (capacity con-
sidered as if delivered in 1 hour). For exanple, the 10-hour
charge rate of a Y4-ampere-hour cell IS C/10=4/10=0.44 =
400mA.

] i Charge. Process of supplying electrical energy to a
attery.

3. Cvele. One sequence of battery discharge and recharge.

K. Cvele Life. The total nunmber of discharge-recharge
cycles delivered by a battery until the battery is unable to
perform satisfactorily.

1. Deep Discharge. Wthdrawal of at |east 80 percent of
the rated capacity of a cell or battery.

m Depth of Discharge. The percentage of rated capacity
to which a cell or battery is di scharged.

] n. Discharge. Wthdrawal of electrical energy froma
attery.

0. Discharge Rate, The current at which a battery is
di schar ged. (See Charge Rate.)

P. Dry Charged A battery that contains cell plates in
the charged condition' but does not contain electrolyte.

q Electrolyte. The material that conducts the ions
between the positive and negative plates of a batterycell.

Chap 1
Page 2 Par ¢
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T, Energy Density. Ratio of cell energy to weight or
volume (watt-hours per pound or watt-hour per cubic inch).

8. Float Charge. The condition of a secondary battery
being maintained in the fully charged state by steady application
of charging power (constant voltage or voltage limited) suf-
ficient to overcome internal battery power losses at the applied
voltage but not sufficient to cause significant gas evolution
within the battery cells.

t. Internal Resistance. Resi st ance to electric current
inside the battery.

u. pen-Circuit Voltage. The no-load voltage of a cell or
battery measured with a high-resistance voltmeter.

Ve Pilot Cell. One or more cells that are used as a
general indicator of the entire battery in regards to voltage,
specific gravity and temperature.

Ve Primary Battery. A battery designed to be discharged
and then discarded; not designed to be recharged.

X, Rechargeable. Designed to be electrically discharged
and recharged for multiple cycles. (See Secondary Battery.)

Y. Secondary Battery. A battery which can be recharged
after being discharged under specified conditions of use.

z. Self-Discharge Rate. The rate at which a battery loses
capacity when standing open-circuit.

aa. Separator. A porous, nonconductive, material placed
between positive and negative plates.

bb. Trickle Charging. Method of charging in which a
secondary cell is connected to a constant-current supply that
maintains the cell in fully or near fully charged condition (not
used for recharging).

cc. Wet Charged. A charged battery that is filled with
electrolyte.

7. OBJECTIVE . The objective of this publication is to provide
design engineers and installation technicians with pertinent
information which will aid in selecting and installing the
optimum secondary battery system in facilities and equipment
controlled by the FAA.

8. SCOPE. This order addresses lead-acid and nickel-cadmium=-
alkaline secondary batteries which are most suitable for present
and near future applications in FAA facilities and equipments.
Information presented in the following chapters will give the

Chap 1
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reader an understanding of basic battery theory, guidance for
selecting an appropriate battery to use in equipment or facili-
ties, and a discussion of battery facility design considerations.

Chap 1
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CHAPTER 2. BATTERY THEORY

9. BASIC THEORY. Batteries store and provide direct current
electricity through internal electrochemical reactions. The
electrochemical reactions are terned oxidati on and reduction
reactions. Oxidation is defined as a reaction in which the stat8
of asubstance becones more electrically positive. In reduction,
t he substance becones less electrically poSitive. Oxi dation can
be considered as the |oss of electromns by a substarce;reduction
as the gain of electrons by a substance. The substances involved
in these reactions are the active materials in the battery

el ectrodes (plates).

a. The pegative battery termipal is connected to the
negative battery plate (spongy, metallic lead in a lead-acid

battery and metallic cadmi um in a nickel-cadmium-alkaline
battery). The negative plate is called the cathode plate because
of the electrochemical Iionization reacti ons associated W th it.
On discharge, the anode plate undergoes an oxidation type of
reaction, giving off electrons t0 the external circuit and
receiving negative ions fromthe electrolyte. The process is
reversed during charging. (Refer to an electrochemical t extbook
for adiscussion of cation and anion preferential adsorption.)

b. The positive battery termipal is connected to the
positive battery plate (lead peroxide in a lead-acid battery and
a nickel plated steel in anickel-cadmium-alkaline battery). The
positive batteryplate is called the anode pl ate because of the
associated electrochemical i Oni zati on reactions. On discharge,
the cathode pl ate undergoes reduction, receiving eleectrons from
the external eirecuit to form negative ions with the electrolyte,
the process being reversed during charging.

C. The batterv electrolvte i S the nedium for ionie exchange
in the electrochem cal reactions. It |a contained within each
cell as a liquid or asapast8 or jelly. Liquid electrolytes nay
be free to nove wthin the eellor held in place by amator
spongy material.

d. All batterlea follow this bvasicelectrochemical princi-
ple, varying In the materials utilized. Various materials are
chosen for aonatruation of the eleetrodes and formnulation of the
electrolyte to provide eertain aharaaterlatica (sueb as nore
energy per weight, nore energy per volume, |ower cost of con-
struction, longer «cycle 1ife (acaondary batteries), less affected
by tenperature extrenes, eta.), depending on the requirenments of
the partiaular situation. The materials that react wth each
other in an electrochemical reaction and the potential they
generate in a cell can be deternmined by referring to an electro-

notive series in achemical reference publiaatlon. The materi al
higher in the series will be the anode and the other will be the
aat hode. The difference between the electromotive force (emf)
Chap 2
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values inthe electromotive Series will predict the total

potential between the electrodes of a cell. As the materials in
the battery react with one another, the reaction wll slow down
as the material is exhausted. In the lead-acid battery, elec-

trons are being drawn out of the cell rapidly, the material next
to the electrodes will reaat and useup the electrolyte. This
condition, called stratification, will reduce the battery output
until the electrolyte from the remainder of the cell electrolyte
diffuses to the area next to the electrodes. This resistance to
the electrochemical reaction nmay be seen as one cause of internal
resistance in the electrochemcal cell. The electrical resis-
tance of the internal electrical circuit (nmetal straps and grids)
al so contributes to the internal resistance of the battery.

8. Battervy pratipgs are neasures of battery performance.
Typical ratings which may be encountered are voltage, capacity,
di scharge ecurrent, and anbient tenperature.

(1) Yoltage is typically given as a NOM NAL val ue, the
term noninal being sonewhat misleading. Possibly nominal I|oad
voltage value would be abetter choice, but the desired result 1is
a convenient indication of the battery voltage for general
description, such as a 12-volt oar battery. The stabilized, open
eircuit voltage of a single charged lead acid cell la
approximately 2.05 volts at 1.200 specific gravity (It should be
noted that voltage will vary with electrolyte concentration).

That of a single, charged nlokel-cadmiumalkaline oell is
approximately 1.23 volts. Battery voltage is determned by cell
chemistry and the nunber of cells eleetrically connected in
series within the battery. A 12-volt car battery would require 6
series-connected lead-acid cells or 10 series-connected nickel-
cadm um al kaline cells.

(2) capacity la a nmeasure of the battery’s capability
to provide current for aperiod of tine. Because the battery
vol tage decreases asit continues to provide current, the
capacity 1is associated with some voltage value (referred to as
cutoff voltage) at which further discharging is no |onger
useful. Basically, capacltp is the tine integral of the dis-
charge aurrent. For many applications, capacity lastated in
tern8 of anpere-hours, e.g., the produot of discharge current in
anperes nultiplied by the tine in hours that the current exists
before the battery voltage decreases to the cutoff \oltage. See
appendix 1 for cal aulatlng the aapaclty required by conplex
di scharge aurrent loads. For autonotive batteries, the Society
of Autonotive Engineers! Standard J5373) describes rating teats
for reserve capacity and cold eranking. The reserve capacity
rating Indicates the nunber of minutes that the teat battery can
be discharged at a constant 25 anperes before the battery voltage
decreases to 1.75 volts per cell (in an 80 degree fahrenheit

anbi ent) . The rating for cold cranking indicates the constant,
continuous current that the battery will provide for a standard
Chap 2
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test time period (30 seconds or 90 seconds) with the voltage
remaining above cutoff (1.2 volts or 1.0 volts per cell) at a
standard test temperature (0 or -20 degree fahrenheit). Capacity
capability is affected by the magnitude of the discharge current
(rate) and temperature, as well as the gquantity of active plate
materials and electrolyte.

(3) Discharge current or rate capability may be
expressed in terms of a C-rate, hour rate, Or amperes. Battery
discharge current capability is dependent upon factors such as
internal electrical resistance, temperature, state of charge, and
plate current density (amperes per unit area of plate surface).
As the discharge current is increased, the available battery
capacity is decreased. The capacity change is more pronounced
for lead-acid batteries than for nickel-cadmium-alkaline bat-
teries , and varies with battery design and construction.

(a) The _hour rate is commonly encountered and
describes the number of hours for discharging the battery at
constant current to a cutoff voltage. An eight-hour rate means
that the battery capacity is discharged in eight hours. Typical-
ly, the nominal, or baseline capacity rate for lead-acid
stationary batteries is the 8-hour rate. For nickel-cadmium-
alkaline stationary batteries) the 5-hour rate capacity is
commonly listed. The discharge current (amperage) value of a
particular hour rate is the battery capacity value divided by the
hour8 of discharge. For the same battery, each different hour
rate will have a different capacity value associated with it.

(b) Occasionally, C-rates may be encountered.
C-rates are the discharge current values expressed as a fraction
or multiple of the baseline or nominal capacity of the battery.
Some commercial battery sales brochures are ambiguous in this
respect, indicating that C-rates are another way of describing
hour rates. This is only true for the baseline or nominal rate.
For a battery in which nominal capacity (€C) had been determined
at the 8-hour rate, the discharge current values for the 5-hour
rate and C/5 rate would each be different values, as would the
resulting capacity values. The discharge current for the 5-hour
rate would be slightly less than the discharge current for the
C/5 rate. But, for this particular battery, the discharge
current values and resulting capacity would be the same for the
8-hour rate and C/8 rate. For C~rates, the discharge current
value, or amperage , is the nominal (or baseline) capacity
multiplied by the stated fraction or integer.

(¢) Discharge rates in terms of constant power,
or watts,may be specified meaning that as the battery dis-
charges , the current is increased to offset the decline in
battery voltage such that the product of voltage multiplied by
current is maintained at the wattage specified. A descriptive
discharge current capability rating is a statement of the

Chap 2
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constant, continuous current (anperes) that a battery is designed
to supply, but this rating is not always available in comrercial
sal es brochures.

(d) - Bigdsiazes lowrate, and nediumrate are
frequently encountered terms, but they are relative indications,
translating into anperes only when the basis for conparison is
knomn. A 1 Cor C2 rate mght be thought of as nediumrate,

2 Cor 3Cas being a high rate, and ¢/8% or 8 as a |ow rate,

but no convention has been standardized. Changi ng di scharge
rates canresult im a different capaecity value due to limtations
on the rate of electrochemical reactions at the plate surfaces,
diffusion of fresh electrolyte to the plate surfaces,and changes
in battery Internal tenperatures affecting Internal electrical
resi st ance. As the diaoharge rate increases, the capacity

avai l able tends to decrease.

(3) A temperature ratipng indicates that a battery has

been designed for use within aspecific stated tenperature

range. An exanple would be a |ead-acid battery designed for |ow
(relative) tenperature operation through use of electrolyte
having higher specific gravity than that wused in a battery
designed for high tenperature operation. Tenperature rating 1is
occasionally confused with rating tenperature, rating tenperature
being the specific tenperature at which a test 4is acconplished
(such as the O degree fahrenheit rating tenperature for the
autonotive battery cold cranking test). As the tenperature of a
particular battery is increased, the available capacity tends to
i ncrease. To convert tenperatures between degrees Centigrade
and degrees Fahrenheit, see appendix 2.

10. PRIMARY CELLS. FPrigery cells are not rechargeable. Prinary
cell batteries are consumable in that they are exhausted by
degrees as the chemicals whieh they contain react with one
another to generate electricity. Wien their chemical conponents
will no longer generate electricity, they nust be disposed of in
an approved manner. Primary cells are available in nmany electro-
chemical conbinations for appllaatlona ranging from earbon zinc
flashlight cells to lithiumthlonyl ahloride cells for mlitary
use., Wile true primary cells are not rechargeable, sone
commercially available primary cells can be recharged to varying
degrees under precisely aontroll ed conditions. Recharging of
primary cells is not recommended in FAA applications. Primary
cells tend to have higher energy densities (or capacities) and
much better charge retention than 88aondary batteries.

1. SECONDARY CELLS. Secondary cells or storage batteries are
similar to prinmary cell batteries in their ability to produce
electricity through the reaction of chemicals with one another.
The difference is that secondary cells can also be conpletely
recharged and di scharged again. The repetition of discharging
and recharging is called eyeling. Secondary cells are available

Chap 2
Page 8’ Par 9



July 12, 1988 6980.24A

in numerous electrochemical combinations, as are primary cells.
However , only lead-acid and nickel-cadmium-alkaline are normally
used in FAA facilities and equipment, due to their reliability,
applicability and life cycle cost advantage. The FAA nomencla-
tures for the types, classes, and styles of secondary cells used
is described in the following paragraphs, Basically, type will
indicate the battery application, class will indicate battery
maintainability, and style will indicate battery position
sensitivity or free electrolyte. The types, classes, and styles
are for FAA purposes, and may not be the same as manufacturer's
designations.

a. Type I. Stationary stand-by float (for uninterruptible
power supplies, switch gear, communications).

b. Type 1l. Stationary engine generator starting.

c. Type 1l1l. Vehicle starting and auxiliary power.
(Sometimes referred to in commercial literature a8 automotive
starting , lighting , and ignition batteries.)

de Type 1V. Deep discharge cycle motive. (Forklift
trucks, golfcarts , etc )

e. Type V. Emergency lighting, portsble test equipment.

fe Type V1. Renevab le energy storage. (Used with solar
cell, windmills, etc.)

g. Class 1. Regular maintenance.
he Class 2. Low maintenance.
i. Claus 3. Sealed , no maintenance.

Je Style A. Free electrolyte, or orientation or attitude
sens it ive.

K. Style B. Non-spillable electrolyte and not orientation
or attitude semsitive (Note: normally, Style B is applicable only
to Class 3 batteries.)

12, APPLICABILITY. Each of the types, classes, and styles
listed (using FAA nomenclature) is normally designed and con-
structed with distinguishing performance characteristics and
features most suitable for particular uses. In most applica-

t ions , several or 811 bsttery types could be used 88 am exped ien-
¢y, since all can supply power. But the use of a bsttery type
outside its design application does not take full advantage of
its particular performance characteristic8 or features and will
probably result in reduced capability. For instance, Type |1l

Chap 2
Par 11 Page 9



6980.23A July 12,1988

vehicle starting and auxiliary power (autonotive) batterlea wll
function i n stationary atandbp float applicationa, but may
experience shortened |ife when frequently deep-discharged. And
the use of autonotive-type batterlea for emergency (stationary

st andby) systens is' specifically prohibited by the Nati onal
Electric Code of 1987 (Article 700-12(a)). In order to determne
the appropriate type, class, and style for a battery, thorough
consideration of the partiaular application iS necessary.

a. Stationary, standbv floaf (Type |) batteries should be

used in stationary applications to provide energency or backup
power when the primary power (normally commercial electric |ine)
falls. The equipnment that theae (Type |) batterlea will power
normal |y aonalata of wuninterruptible power supplies, switch gear,
such as relays, and communication receivers and transmttera.

(1) Distinpguishing characteristics of the Type |
battery application are stationary operation, aontinuoua battery
charging (float operation) when primary power is available, |ong
duration (hours) di aaharging at low to noderate rate8 (although
sone applications involve conplete discharging at high current in
as few as ten minutes or nonentary loads with high aurgea) and
noderate to high capacity in terms of anpere-houra. Battery
system voltage8 typiecally range from 12 volts (or lower) to nore
t han 500 volts.

(2) The tvpical emvironment of a Type I battery is
normal Iy indoors at noderate humidity, wth a noderately narrow
tenperature rage, and free of vibration, shoak, and accelera-
tion. Wen the Type |  battery is installed in a battery box
| ocated out-of doors, provisiomns ahould be Incorporated to
mnimnmze tenperature extremes, or ahigher capacitybattery may
be required. The Type | battery is nornmally installed inside
equi pnrent or in racks bolted to the floor near the equipnent.

(3) In usage, the installation is typically permanent
for the 11re of the battery. A Type | battery nornmally experien-
ces i nfrequent (one orless per nonth) diaahargea to varying
depths (100 percent Or less). The Type | battery ismaintained
at full state of ocharge, ready for use condition, by float
charging from a constant voltage source. Recharges after
discharges are nornmally completed Within from2 to 24 hours.

(4) pue to the pormallvy large sizes, manufacturer8
supply the Type | battery as individual cells or cell packs (2 or

nore cells in the sane assembly) for assemblinginto a conplete
battery at the Installation site.

(5) Manufacturers' desigpatiopms for stationary,
standby float (Type |) batteries will vary. One manufacturer nay

list a battery according to a particular intended use auah as

Chap 2
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swvitchgear, while another may list a battery with almost the same
performance characteristics as hi gh rate/short duration or as
high performance. Or, a manufacturer may list the same battery
part number under several different applications. The intended
use and battery performance requirements should be described as
accurately as possible in order to assist technical personnel in

selecting which batteries will gi ve the required performance and
to allov effective review of battery proposals received in
response to solicitat ion. Class and style are optional, depend-

ing upon the needs of the particular application, FAA policy, and
commercial availability. However, Type I batteries are typically
Class 1 or Class 2, and Style A.

b. Stationary engine generator starting (Type Il) batteries
should be used for starting both gasoline and diesel, stationary
internal combustion (reciprocating) engines that pover electric
generator8 .

(1) Distinguishing characteristics of the Type 11
battery application are stationary operation, daily boost
charging controlled by a timer and temperature voltage relay with
equalize charging capability, and high current starter motor
discharge loads lasting up to one minute. Battery system
voltages are normally 32 volts.

(2) The environment of a Type Il battery may be
installed outdoors in a vell ventilated covered box or indoors in
racks near the engine generator. When located outdoors, the
battery will be subjected to a wide temperature and humidity
range dependent on the local climate.

(3)1 _n usagethe Type Il battery may experience 1 or
2 engine starts per month. The discharges are at high current,
but normally last only 2-5 seconds. Requirements for 30 second
or 60 second engine cranking capability are demonstrated by
periodic testing. The Type Il battery is maintained fully
charged by boost charging on a daily basis, with equalize
charging when needed.

(4) Due to reserved time for engine testing, possible
frequent restarts and adverse temperature extremes, the Type Il
batteries are large. Additionally, these battery cells employ
large numbers of plates to obtain high total plate surface
areas for high rates, limitations on the physical height of the
cells to reduce electrolyte stratification problems, generally
heavier grids and straps to reduce internal resistance and resist
corrosion , and wrapping of the positive plates to prevent
shedding of active material.

(5) In_practice, Type Il batteries are generally the
lead-ac id type, due to the lover initial cost as compared to
nickel-cadmium-alkaline batteries, numerous commercial sources,

Chap 2
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and familiarity. Typically, four (4) cell batteries are used i n
FAA systems. Class and style are normally Class 1, Style A.

c. Vehicle starting and auxiliary power (Type IIl) bat-
teries are sometimes referred to in literature as automotive
starting , lighting and ignition batteries, or simply car bat-
teries. Under this (Type III) grouping are included recreational
vehicle (RV) batteries, and marine batteries. Farm machinery
batteries , lawn tractor batteries, motorcycle batteries, and
construction and industrial machinery batteries are also
included. Type Ill batteries should be used for these applica-
tions.

(1) Distinguishing characteristics of the Type 111
battery applications are their use to provide electric power to
engine starting motors in mobile equipment and vehicles and to
provide auxiliary electric power to these vehicles and equip-
ment. The Society of Automotive Engineers Standard SAE-J537,
which standardizes these batteries, adds the requirement that the
equipment and vehicles be equipped with regulated battery
charging systems. The battery voltage is commonly 12 volts,
although some batteries are available in other voltages.

(2) The environment of a Type IIl battery is an
installation in a battery box, compartment, or space in or near
the engine compartment of the vehicle or equipment. The battery
will be subjected to the widest temperature range of all types.
The temperature range is dependent upon the local climate and
upon the upper ambient8 reached in or near the engine compart-

ment. The battery will be exposed to humidity levels to
100 percent, including condensation due to temperature changes.
The battery will also be subjected to vibration and low levels of

mechanical shock and acceleration.

(3) LLn_usage, the battery may experience varying
demands , ranging from several engine cranking discharges per day
to very few discharges per month, depending on the vehicle or
equipment usage. Most engine starts occur within 5 seconds or
less , but longer durations or several attempt8 may be necessary
i n some instances. The battery is recharged immediately after
starting use (unless the equipment has malfunctioned). It may
also provide auxiliary power to lights, radios, or accessories
when the engine IS not running. Because of the extreme condi-
tions and demands, as well as thinner plate construction, these
batteries tend to shorter life times.

(4) Because these (Type Ill) batteries are for use in
mobile applications and don’'t normally require high (relative)
capacity, they tend to be portable by one person. They are
moderate in physical site and are designed with large cell plate
surface areas to provide high cranking current. RV and some
marine batteries (commercial designations) tend to have a lover
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discharge rate capability--intended more for lighting or
auxiliary power--and greater tolerance of discharge to deeper
levels with some delay before recharging through use of thicker
cell plates or heavier plate grids. RV or marine batteries may
be connected in parallel to provide higher starting current
capability.’

(5) In_practice, Type Ill batteries are generally of
the lead-acid type, due to low cost, numerous commercial sources,
and familiarity. Im aircraft applications however, the veight
comparison and extremely high starting current needs usually
result in the selection of nickel-cadmium-alkaline batteries.
SAE Standard 3537 should be consulted for standard sizes and
terminal connections of Type Ill batteries. Class and style are
optional (most new car batteries are currently Clans 2 or
Class 3, and Style A), depending on the particular application
needs , FAA policy, and commercial availability.

d Deep discharge cycle motive (Type 1V) batteries should
be used in vehicles requiring batteries for motive power. These
vehicles include industrial electric forklift trucks and trans-
porters, golfcarts, and electric vehicles.

(1) Distinguishing characteristics of the Type 1V
battery application are varying discharge loads and extended

periods (days or weeks) in a partially discharged state. Battery
system voltage8 will be from 6 to 48 volts (or higher for some
electric vehicles).

(2) The environment of a Type IV battery will depend
upon the application = it may be indoors in a factory resulting
in a relatively narrow temperature range or out-of-doors with the
temperature range determined by local climate. The battery will
be sub jected to minor (low) levels of vibration, shock, and
acceleration.

(3) 1 _n usagethe battery will be subjected to
moderate discharge rates with short duration high rate demands.
The battery may experience complete discharge in one day,
possibly to such depth that the vehicle becomes immobile. Or,
the battery may be discharged a small percentage of total
capacity each day for several days or weeks resulting in extended
period8 in a state of partial discharge.

(4) Type IV batteries tend to be large, approaching
limit8 dictated by equipment mobility, in order to provide high
capacity and high power levels. The extended periods of partial
discharge and possible deep discharging make the antimony alloy
grids more suitable in Type IV batteries, although calcium alloy8
may result in better charge retention during long stand times.
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(5) In_practice, Type IVbatteries tend to be of the
lead-acid type, due to the large capacities and lower initial
cost. They also require nore frequent equalize charging due to
| ong stand times and deep discharging. Higher water consumption
results because Of equalize charging. The Society of Autonotive
Engi neer 8 ha8 established Aerospace Recommended Practice ARP 1817
to deseribe industrial, |ead-acid batteries for use in electriec
power ed ground support equi pnent, offering aspecification-type
of battery description which may be useful when revi ew ng
g?n?facturerS literature. Class and style are nornally Class 1,

tyle A.

e. Emergency lighting OI portable fest equipment batteries
(Type V) are used to provide electric power to building Iight8

that operate when commercial power fails or to operate portable
test equipnment. Emergency lighting in building8 is required by
buil ding codes to illumnate exit waysand exit8 for ocecupants.
Sonme portable test equi pnent require8 eleetrie power for opera-
tipnlﬁnd an internally installed power source may be most

sui t abl e.

(1) Distinguishing characteristics of the Type V
battery application are relatively | ow and steady discharge

current8 with recharging when commercial power is avail able.
They are maintained in a full state-of-charge by float charging
bet ween uses. Because Of the | ow power and short duration
discharges required, or portability needs, they tend to be small
in size.

(2) The environment of a Type Vbattery is typically
that for anindoor8 area occupied by personnel. Portable test

equi pmrent m ght experience Intermttent use out-of-doors, but

envi ronment extremes would be limted by the equipnment operating
capability. Most portabl e test equi pnent woul d, however, require
abattery with all-position capability. And some portable test
equi pment woul d experience |ow | evel mechanical shook.

(3) In usage, the Type V battery installed in
emergency |ighting systems will experience essentially the same
operation asthe Type | stationary battery, discharging when

r|narY power fails. Portable test equi pnent batteries woul d
probably be used nore often. Because the TypeV batteries power
equi pnent and lighting that may not have voltage autoff protec-
tion, Type V batter188 are more |likely to experience deep
discharging, continuing until the equipnment fails to provide
required performance and sometimes until the battery voltage
reaches zero. Emergency lighting in exit ways may be required
for only afew mnutes which would result in a high rate battery
discharge (15 nminute8 would be a &% Crate). Most portable test
equi pment applications would be at a mueh lower rate. Type V
battery discharge currents must beaccurately described.
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() Dueto the normally lowtotal watt-hour (low total
power or short duration discharge) needs of energency |ighting

systens and portability requirenents for portable test equipnent,
Type V batteries tend to be small in physical size. Some
stationary energency lighting systens nay usesmall Type |
stationary batteries, provided that the equi prent has discharge
voltage cutoff protection. Emergency |lighting batteries should
generally be Cass 2 or Class 3, requiring |ow or no naintenance
and may be Style A (unless all-position capability will be
required) or Style B. Portable test equi pment batteries nust be
Class 3,Style B, to allow for the possibility of all position
operation.

(5) In practice, Type V batteries are commercially
available in both |ead-acid and nickel-cadm umal kaline electro-
chem stries. The selection of electrochem stry may be dictated
bK initial cost, sizes available, life cycle cost analysis, area
chem cal conpatibilities, or keeping the sane part nunber when
maki ng replacenments. Suitable batteries are usually avail able
from numerous sources. (Wien desirable to operate wthout
charging capability, primry batteries m ght be considered due to
their long stand time capability and hi gher energy densitr
(capacity) .) Numerous energency lighting systenms currently use
low = or no - maintenance cells (Cass 2 or ass 3). Portable
test equipnent tends to use Class 3, Style B nickel-cadmium-
al kaline batteries (installed as cells) when the required
capacity is relatively small and the battery is installed inside
the equipnent. \When the batteryis carried along with the
equi pnent, but not nmounted on or in the equipnent, Cass 3,

Style B lead-acid batteries tend to be used (exceFt I n hospital
equipn$nt, whi ch usual Iy enpl oys nickel -cadm um al kal i ne bat -
teries).

f Renewabl e enerav storage batteries (Type VI) are used
for electrical energy storage with solar cells, wnd-driven
generators, or other renewable energy sources. These systens may
be used in |ocations where access is limted or in renote areas
away from commercial power sources. As Type VI batteries are
categorized based on the use of renewabl e energy sources for
charging, they can be applied in alnost any system where suf-
ficient renewabl e energy (wi nd, solar, geothermal, etc.) is
Svailable, along with adequate energy conversion and charging

evi ces.

(1) Distinguishing characteristics of the Type Vi
battery application are nornally a daily cycle routine of
di scharge while the renewabl e energy source is unavail able and
recharge when the renewabl e energy source becones avail abl e.
These applications normally use a battery of sufficient capacity
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to operate the system for nore thanoneday (cycle) - up to 4 or
5 days in sone cases - without significant recharge, in order to
allow for the possible unavailability of therenewabl e energy
sour ce.

(2) The_environnent of a Type VI battery is typically
that of a covered battery box, equipnent conpartnent, orother
shel ter which has no ambient conditioning (heating or cooling)
other than venting to the anbient air outside the facility. The
tenperature range will be determned by the |ocal climte and
insulating performance of the installation. The environment of a
typical application will be free of vibration, shock, and
accel eration. Hum dity levels may reach 100 percent, including
condensation due to tenperature changes.

(3) In usage, the Type VI may not be fully recharged
after each discharge Period. However, the charging system shoul d
be capable of eventually returning the battery to a state of ful
charge for morethan half of the battery lifetine. Discharge
rates wll vary accordin% to the application. Discharge capaci-
ties wll be determned by the individual cycle needs and the
desired anount of reserve capacity for extra cycles w thout
signif icant recharge, as well as battery charger capability.

(4) Due to possibly limted accessibility of the
intended installation, these (Type VI) batteries may or nmay not
require portability considerations for physical size and style
(Style B versus Style A). Also, accessibility may [imt malnten-
ance)visits, requiring Class 2 or Class 3 (low or no mainten-
ance) .

(5) In practice, Type VI batteries are available from
several manufacturers, sonetinmes under the description of
photovoltaic or solar batteries. Battery use in renewable energy
storage applications requires thorough consideration of charging
capabilities, availability of the renewable energy, and the needs
for assurance of availability of equipnent operating power, in
addition to discharge [ oading.

13. LEAD-ACI D

a. Theory and Chemistrv. The |ead-acid battery consist of
positive and negative eleectrodes which are separated from each

other, sequenced in pairs, and imersed in an electrolyte
solution of sulfuric acid. In the fully-charged condition, the
active material of the positive electrode is |ead dioxide (PbO,),
and the active material of the negative electrode is lead (Pb).
As the cell is being discharged, the |ead dioxide of the positive
el ectrodes, and the |lead of the negative electrodes is converted
to lead sulfate utilizing the sulfuric acid electrolyte by the
follow ng reaction:
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Charged Condition Discharged Condition

Pb0, + Pb + 2E,S0, _—

That is, lead, lead dioxide, and sulfuric acid are consumed, and
lead sulfate and water produced. During the process, the
electrode8 remain insoluble: lead, lead dioxide, and lead
sulfate are relatively insoluble in the sulfuric acid. Battery
capacity is dependent upon the amount active materials in the
positive and negative plates, the quantity and concentration of
the electrolyte, and the diffusion rate of the electrolyte
through the separating materials. The conductivity of the active
material8 , the supporting network , and plate straps also enter
into the discharge characterist ics.

b The Lead-Acid System |Is Reversible. When current is
forced'through the cell in the opposite direction of current flow
during dischgrge, chemical reactions convert the discharged
materials (lead sulfate and water) to lead dioxide and lead, and
release sulfuric acid into solution. A single discharge followed
by a charge is defined as a cycle. After a number of cycles, a
cell will fail to deliver its rated capacity because of certain
irreversible changes that occur during cycling. The types of
changes, and consequently cycle life , varies among the different
lead-acid systems, and are sensitive to such parameters as depth
of discharge, degree of overcharge, charge rate, environment
during service, electrode construction, and separator materials.

c. Capacity Ratings. One measure of capacity is ampere~
hours and is measured by multiplying the current drain times the
duration of the current drain. The Ampere-hour rating of a lead-
acid stationary battery is based on an 8-hour discharge period to
an end voltage of 1.75 V/c. The ampere-hour rating of a battery
will decrease as the discharged rate is increased. The ratings
listed for specific model batteries are usually based on a
specific gravity of 1.210 or 1.215 although for specific applica-
tions (e.g., photovoltaic) and other type of battery construction
a more concentrated (higher specific gravity) electrolyte may be
used . For a specific application such as low or high temperature
environment8 , the normal specific gravity electrolyte of a
standard battery can be replaced with electrolyte of higher or
lover (respectively) specific gravity which will change the
performance characterist ics from that given for the battery with
the normal specific gravity. Engine starting batteries are rated
in cold cranking amps and reserve capacity. Cold cranking amperes
is the number of amperes a battery will deliver at 0O degree
fahrenheit for 30 second8 to a voltage of 1.2 volts per cell.
The reserve capacity is the number of minutes a battery will
provide 25 amperes to an end voltage of 1.75 volts per cell.
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(1) Temperature Effects. Lead-acid batteries are

sensitive to temperatures above and below the normal room
tenperature of T7 degree fahrenheit as listed in table 2-1 and
the follow ng paragraphs:

(a) High temperature shortens the life due to
accelerated corrosion and deterioration of the plates and
separators by the electrolyte. Constant anbient tenperatures of
15 degree fahrenheit or nore above 77 degree fahrenheit will
typically cut the life in half. This affect can be partially
conpensated for by reducing the specific gravity (activity) of
the electrolyte.

(b) Low temperature will reduce the available
Capacity of the battery. Dropping from the normal of 77 degree
fahrenheit to 40 degree fahrenheit wll give approximately 3/4
t he rated capacity. Asthe battery is discharged, the
electrolyte specific gravity is reduced, thereby raising it8
freezing point and susceptibility of the battery to pernmanent
damage. A discharged stationary battery could freeze at a
tenperature as high as +16 degrees fahrenheit constant anbi ent
t enper at ur e.

(2) BRate effects. The magnitude of the discharge
current affects the total quantity of anpere hour8 that the

battery can deliver before the battery voltage decreases to the
cutof f val ue. Rate capability depend8 basically upon the total
pl ate surface area for each plate polarity. the plate surface
area determines plate current density for any given discharge
current. High-rate cells have nore and thinner platesthan low-
rat8 cell of the sane physical size. As the discharge rat8
increases, the capacity available fromany particul ar cell
decreases. additional factors affecting battery capability are
the electrical resistance of Internal conductors, cell design

TABLE 2-1 LEAD-ACID BATTERY CAPACITY ¥S TEMPERATURE

El ectrol yte Percent Capacity

Tenperat ure and Discharge Rate
Ur 8 Hour 1 Mnute

110 110 117

90 105 108

77 100 100

60 90 88

40 77 73

20 62 58

10 54 49
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geonetry and construction, and chenical concentrations. Because
of the many variables affecting rate, a single precise descrip-
tion of rate effects on capacity cannot be devel oped for applica-
tion to all lead-acid batteries. Table 2-2 provides an exanple
of rate effects on the capacity of a particular |lead acid

battery.

d. Charging.

(1) Float Charge. A fully charged battery wl|
gradual ly | ose some of its charge due to internal |osses (termed
sel f-di scharge). Proper float charging supplies enough electric
energy to over come these internal |osses wthout causing
significant gas evolution. Float voltage i S higher than the open
circuit cell voltage (see table 2-3).

(2) Egqualize Charging Equal i ze charging assures
compl etion of recharge, elimnating cell voltage inbal ances and
el ectrolyte stratification. The schedule for periodic equalizing
charges wil|l be determned by the cell type and operating
conditions (e.g., frequency and depth of discharge%?. Equal i ze
charging may be necessary as often as nonthly. And some bat-
teries, such as |ow nmaintenance (C ass 2) and no-nai nt enance
(Class 3) should never need equalizing (and may be danaged by
heavy equalize charging). The antinony type |ead-acid battery
may require nore frequent equalizin? charges. The antinony
battery will provide greater cycle life than the cal cium battery.
when used for deep discharge cKcIing but at the penalty of nore
frequent equalize charges and higher water usage because of the
equal i ze charging. Antinony does not retain its charge as well
as does the calcrum due to higher self discharge |osses.
Equal i ze charging, while necessary in certain situations, nust be

TABLE 2-2 EXAMPLE OF LEAD-ACID LOW RATE STATI ONARY
BATTERY CAPACI TY' VERSUS RATE

DI SCHARGE RATE PERCENT CAPACI TY
cl46 157%
c/18 139%
c/10 114%
c/8 100%
c/6 86%
c/5 79%
C/4 71%
c/3 52%
cl/2 26%
1C 1%
*NOTE: Capacity to cutoff voltage of 1.75 volts per cell, 77°F

ambient, Cis the capacity at the 8-hour rate.
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carefully controlled to prevent battery damage due to water |oss,
increased grid corrosion, plate warpage (fromtoo great of
current), or excessive tenperature. Along with hydrogen and
oxygen evol ved during overcharge of |ead-acid batteries, stibine
or arsine gases may be present. Stibine (SbH;) isS a poi sonous
gas resulting fromany anti nony present within the cell. Arsi ne,
al so a poisonous gas, results fromthe presence of arsenic in the
lead plates. Stibine and arsine are renoved wth the other

evol ved gasses by proper facility ventilation. Equalize charging
Is indicated when the batteries are fully charged and:

(a) The tenperature-corrected specific gravity of
the pilot cell of a floating battery has dropped nore than 10
points (e.g., from 1215to 1205 below its full charge reading

(b) Wien the voltage of a cell on float is nore
than 0.05 volts below the average of the cells in the battery.

e Service Lif.. Exact discharge/recharge cycle life of
cells is difficult to predict due to the effect of varying
charge/ di scharge conditions (depth, rates, frequency of use) on
cycle life, Batteries consistently over charged will experience
a shortened life due to grid corrosion, over activity of the
electrolyte fromthe increased tenperature and voltages, and an
increase in electrolyte concentration from water being driven off
of the electrolyte. Hgh current rates will also cause the
plates to expand and contract and shed active material. Bat-
teries not conpletely recharged wll suffer the same problens as
a battery allowed to stand discharged, resulting in a potentially
permanent sulfation of the battery plates. Shock and vibration
are harnful to the soft lead materials in a |lead-acid battery,

TABLE 2-3, LEAD-ACI D BATTERY CHARGE VO.TAGE

LEAD- ACI D FLOAT EQUALI ZE

BATTERY TYPES VOLTAGES VOLTAGE
Lead Antinony 2.19v/C 2.30v/C
Lead Cal ci um 2.26vV/C 2.34v/C
Aut onobi | e

Mai nt enance- Fr ee 2.245v/C 2.395Vv/C

Ordinary 2.010V/C 2.29v/cC
Celled Electrolyte 2.275Vv/C N A
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causing loss of active materials from plates and structural
damage. Cracks in the insulation material between plates wl|

al I ow conductive deposits to formand internally short the cell.
Poor mai ntenance can allow external shorting through conductive
contam nation of the battery case and internal contam nation of
the electrolyte which can reduce its activity, increase corrosive
effects on the plates and connectors, and cause internal short-
ing, depending on the substance that causes the contam nation.
Salt water entering the battery can result in the rel ease of
chlorine gas, due to reaction with the positive plates. High-
rate discharges to low end voltages will shorten a battery's life
consi der abl y. In general, a |lead-acid battery should not be dis-
charged below 1.75 V/c. A discharged | ead-acid battery shoul d
not be allowed to stand for =na extended period in a discharged
condition or, because of sul.ation, it nay not accept a re-
charge. Recharge should be initiated imediately if possible,
and within 2 days to mnimze sulfation damage and grid corro-

si on. Hi gh-rate recharging of |ead-acid batteries may al so
reduce their life through heating, plate warping, or capacity
percent overcharge. Lead-antinony cells are capable of about 150
to 200 di scharge/ recharge cycles when di scharged at the nornal
8-hour rate to 1.75 volts per cell and recharged at a normal rate
to 2.15 - 2.25 volts per cell. Under the sane conditions, 1lead-
calfiun1cells are capabl e of about 50 to 75 discharge/recharge
cycl es.

f Storage. The storage area should be dry and clean. A
storage tenperature from 6o to 80 degrees fahrenheit is pre-
ferred. Battery storage (charged and wet) at tenperatures bel ow
20 degrees fahrenheit could result in freezing of the electrolyte
in a wet cell (depending on the specific gravity) which nay
damage the cell. Storage at tenperatures above 90 degrees
fahrenheit can result in a shortened life, as well as faster self
discharge. Dry charged cells can be stored up to one year
w thout deterioration. The storage tenperature should be as
constant as possible. Wt charged cells should not be stored
| onger than 90 days without recharging. Large tenperature
fluctuations will cause air to enter unsealed dry charged
batteries when they cool, and expel air as they gecone war m
Every time air enters the dry charged battery, it will bring
moi sture and air to theplate's active material, adversely
affecting them  However, wet and charged cells nust be given an
Initial charge within 3 nonths fromthe date of shipnent if the
battery is of the lead-antinony type and within 6 nonths if of
the lead-calcium type, to avoid sulfation of the plates.

Sul fation of the plates can adversely affect electrical perfor-
mance and expected life. |f an extended storage period becones
necessary, additional charges should be provided at 3 nonth
intervals. The extended storage of wet, charged batteries is not
recommended. Batteries that are to be renoved from service

and stored should be charged, cleaned and stored as described
above for new wet, charged batteries.
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g Failure Mbdes. \Wen the battery can no |onger neet its
performance requirenents, it is considered to have failed.

Causes of failure are normal ageing, manuf acturing defects,

I nproper nai ntenance, msuse, and danage.

(1) Batteries can suffer from reduced capacity which
normal Iy occurs gradually and is a failure node that occurs wth
warning and wll allow tine to correct without an interruption in
service. This type of problemoccurs at the end of batterY life
and can be caused from contam nation and/or active nateria
shedding within the battery. Batteries also suffer from catas-
trophic failures such as open circuits and battery rupture. This
wll typically be due to poor construction or inproper mainten-
ance. This type of problem can occur w thout warning and cause
unpl anned interruption of service.

(2) The main causes of aging failures are grid corro-
sion, cellshorting, loss of active materials fromplates, and
sulfation. Gid corrosion is oxidation of the plate grids caused
by overcharging and oxygen formation at the positive plate. As
grids corrode, they becone brittle and |ose structural strength
and capability to conduct electric current. Cell shorting, or
contact between conductors of opposite polarity, can occur
because of damage or accunul ation of conducting material (shedded
active plate material) that forns a bridge between plates of
opposite polarity. Active material that is lost fromplates can
no | onger participate in the electrochem cal reactions, resulting
in lost capability. Sulfation results from undercharging or
remaining too long in the discharged state. After sufficient
time to erystalize and harden, the sulfate can no | onger be
converted by charging.

14. N CKEL- CADM UM ALKALI NE.

a. Theory And Chemistry Qperation of a nickel-cadm um
cell involves little or no change In electrolyte concentration.

The active material of both electrodes, in both charged and

di scharged states, is relatively insoluble in the alkaline

el ectrolyte. Because of these and other properties, nickel-

cadm umal kaline cells are characterized by long life in both

cyclic and standby operation, and by a relatively flat voltage

profile within a W de discharge current range. |In the discharged

state, nickel hydroxide is the active material of the positive

el ectrode, and cadm um hydroxide that of the negative. During

charge, nickel hydroxide, Ni(OH) Is converted to a higher

val ence oxide. And at the negative el ectrode, cadm um hydroxi de,
Cd(0H), is converted to a higher valence oxide. The overal

reaction is:
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Charged Conditiop Discharged Copditiomn
Positive Negat i ve Positive Negat i ve
pl ate pl at e pl ate pl at e
2NOOH + Cd + 2H50  —--e-e- >

Cmmemem= 2N1(HO), + Cd(OH),

From the above formula it is obvious that the capacity is
dependent only upon the anount of nmaterial in the positive and
negative plates. The conductivity of the active materials, the
supporting network, and plate straps also enter into the dis-
charge characteristics of the nickel-cadmumalkaline cells. A
ni ckel -cadm umal kaline cell 4is charged by forcing a direct
current through the cell 4imn the direction opposite that of the
discharge current. In the discharged state, the material in the
interstices of the positive electrode consists nostly of nickel
hydroxide , and that in the negative is nostly cadm um hydroxi de.
During charge, nickel hydroxide is converted to higher valence

ni ckel hydroxi des (NiOOH; Ni[OH]3), nost of which are in the
trivalent state. Oxygen nmay be evolved by the positive electrode
during charge. The armount of oxygen generated is determ ned by
the state-of-charge of the electrode, current density, and

t enper at ur e. As the state-of-oharge is increased, the fraction
of the current utilized to convert the remaining nickel hydroxide
is decreased. Simlarly, when the current density is low (on the
order of the €/100 rate), the charge efficiency is reduced to
such a degree that the cell never becones fully charged. At high
tenperatures the charge efficiency is lowered, and a higher

m ni mum current density is required to effectively charge a cell.

b Capacity Ratipgs. A neasure of capacity is ampere-
hours, .neasured by nultiplying the current drain tines the
duration of the current drain. Large stationary nickel-cadmium-
al kaline batteries are typically rated for several different
di scharge rates in the reference literature. The discharge rate
affects the nickel-oadaiunalkaline battery capacity that can be
wi t hdrawn above cutoff voltage. Increasing the rate decreases
the avail able capacity. However, when conpared with |ead-acid
batteries, the magnitude of the change is mueh smaller.

Table 2-4 provides an exanple of rate effects on the capacity of
a particular nickel-cadm umalkaline battery.

C. Temperature Effects. As with lead-acid batteries,
tenperature also affects the performance of nickel-cadmium-
al kaline batteries. The effect on capacity, life, and the

freezing tenperature is discussed in the follow ng paragraphs.
(1) capacity. Aswith a lead-acid battery, the
capacity of a nickel-cadmiumalkaline battery is dependent on the
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el ectrolyte tenperature and discharge rate. Table 25lists the
decrease in capacity for tenperatures bel ow 77 degrees fahrenheit
for discharge rates of 8 hours and 1 mnute of a typical nickel-
cadm umal kaline cell. The capacity characteristic varies
between cell type nore than with |ead-acid batteries. The

TABLE 2-4 EXAMPLE OF NI CKEL- CADM UM ALKALI NE
POCKET PLATE CELL CAPACI TY' VERSUS RATE

DI SCHARGE RATE PERCENT CAPACI TY
10-HOUR 105%
8-HOUR 103¢%
5-HOUR 100%
3-HOUR 96%
| - HOUR 81%
30-MINUTE 64%
[ -M NUTE 5%

"NOTE:  Capacity to cutoff voltage of 100volts at 77 degrees
fahrenheit anmbient. The S-hour capacity is the baseline or
nom nal rate.

manuf acturer should be consulted for the discharge character-
istics for a specific cell. The increase in capacity above

77 degrees fahrenheit is usually ignored and the life effect is
al so not significant unless tenperatures are high enough

(130 degrees fahrenheit continuous anbient) to do short term
damage to the cells.

TABLE 2-5 N CKEL- CADM UM ALKALI NE BATTERY CAPACITY VS TEMPERATURE

El ectrol yte Percent Capacity
Tenperat ure and Di scharge Rate
OF 8 HR 1 MN
77 100% 100%
60 95% 90%
40 84% 78%
20 75% 68%
0 65% 57%
-20 56% 47%

(2) Freezing Tenperature. The standard specific
gravity of the electrolyte in a typical stationary nickel-

cadm umal kal ine battery is 1.180 which is a safe condition down
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to -25 degrees fahrenheit. For extrenely |low tenperatures a
specific gravity of 1.225 can be used which provides safe
operation down to =54 degrees fahrenheit. Specific gravity does

not change with state of charge in a nickel-cadm um al kal i ne
battery.

d. Charging.

(1) Float Charge. Nickel-cadmumalkaline batteries
operating at tenperatures from 60 to 80 degrees fahrenheit are

normally float charged at 1.40 to 142 V/c. Random variations in
tenperature from about 30 to 85 degrees fahrenheit will have no
significant effect on the charging. If the operating tenperature

is consistently high or | ow, sone adjustnment in the float voltage
nmust be nade. This adjustnent anmounts to 1 percent per 8 degrees
fahrenheit. At low tenperatures the float voltage is increased
and at high tenperatures it is decreased.

(2) High-rate Charge. The batteries are recharged
automatically by the charger following a discharge (e.g« 9 power

outage) at a voltage higher than the normal float voltage. Thi s
hi gher voltage is referred to as the high-rate charge voltage.

Ni ckel -cadm um al kaline batteries will accept current at a nuch
greater rate than |lead-acid batteries w thout pernmanent danage
(e.g., buckled plates) as long as the battery is not allowed to
heat to the point of boiling the electrolyte or softening the
case material . Hence, the term high-rate charging. The recom
mended high rate charge voltage varies from 150 to 170 V/ic
dependi ng on the manufacturer's cell type. H gh-rate recharging
following a discharge can be avoided by raising the nornal fl oat
voltage. However, the water | 0SS will increase. Table 2-6 |ists
the effects of various float voltages on water consumption and
recharging characteristics of typical nickel-oadm umalkaline
batteries.

e. Service Life. The life of a nickel-cadm umalkaline
battery is not affected by high tenperature as nuch as | ead-acid
batteries. At a continuous tenperature of 115 degrees fahrenheit
the life of a nickel-cadmumalkalina battery will be 65 percent
of the 1life at 77 degrees fahrenhelt while the life of a lead-
acid battery will be only about 27 percent of the TT degrees
fahrenheit life. At 90 degrees fahrenheit the nickel-cadmium-
al kaline battery life will be approximately 88 percent while the
life of a lead-acid battery will be approximately 50 percent of
the life at 77 degrees fahrenheit.

f St or age. The storage area should be clean and dry.
A storage'tenperature of 60 to 80 degrees fahrenheit is
preferred. Storage at tenperatures down to -10 degrees
fahrenheit is safe. Storage at tenperatures above 110 degrees
fahrenhelt shoul d be avoided since at this tenperature a
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shortening of cell life begins. Unfilled cells can be stored for
an unlimted tine. Filled cells that are to be stored for up to
1year should be given a charge. Before storage the electrolyte
| evel should be checked. El ectrol yte of the proper specific
gravity should be added if necessary to bring the level up. If
the plates are exposed and electrolyte is not available just
enough distilled or deionized water should be added to cover the
lates. Wien el ectrol yte becones available it can be added to
ring the level up. The battery can then be charged and the
el ectrolyte specific gravity adjusted to the correct val ue.
Adj ustnent is acconplished by adding water or renoving
electrolyte and adding water if the specific gravity is high. If
the specific gravity islow, the batterz can be given an extended
charge, which allows electrolysis to take place and then adding
el ectrol yte.

TABLE 2-6, FLOAT VO.TAGE EFFECTs ON
NI CKEL- CADM UMt ALKALI NE  BATTERI ES

V/e Waterin Recharging
Intervals Characteristics
1.40-1 .42 2-5 years Equal i zing charges required if

conpl ete di scharges occur nore
often than once a year.

1.44-1.47 18-36 nont hs Battery will be fully charged
even if conplete discharges
occur as often as once per
mont h.

1.50-1.53 9-18 nont hs Battery will be fully charged
even if conplete discharges
occur as often as once per
week.

1.55-1.60 1-6 nont hs Battery will be fully charged
even if conplete discharges
occur as often as once per
day, Not recommended for
continuous use because of
excessive water consunption

NOTE: Unlike lead-acid batteries, nickel-cadm umalkaline
batteries do not require periodic equalizing charges.

g Failure Mdes, Wen the battery can no |onger neet
its performance requirements, it is considered to have fail ed.
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Approaching the end of |ife a nickel-cadm umal kaline battery
will gradually |oose capacity. The only way to detect this type
of failure is to run periodic capacity tests on the batteries. A
nmore rapid type of faflure is caused by internal shorting between
plates of the battery cell. This type of failure is evidenced by
the affected’ cell having a | ower voltage reading on float than
the other cells in the battery.

(1) Menorv effect is an apparent | oss of capacity
occurring in sone nickel-cadm umal kaline batteries, small sealed
cells, as a result of regular shallow discharging at the sane
rate to the same depth. Wien deeper discharging is attenpted,
the battery voltage drops off, as if fully discharged. Normally,
capacity can be restored by reconditioning the battery with a few
cycles of conplete discharge and full recharge.

(2) Ihermal rugawav is a serious failure, basically

being internal cell shorting during charge. In this condition,
the separator material has deteriorated and internal shorting
occurs. Internal tenperatures rise and the charge current

increases, driving up the tenperatures further. As the electri-
cal energy is dissipated internally, damage |ncreases. The
battery will get hot, snoke, release hazardous vapors, and may
catch fire or expl ode. Ni ckel -cadm um al kal i ne battery fl oat
chargi ng sbould be acconplished using chargers with a |ow current
[imt to reduce the consequences of thernmal runaway.
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CHAPTER 3. BATTERY SELECTI ON

15 CHAPTER OVERVIEW  This chapter offers guidance for selec-
t& and sizing of secondary (rechargeable) batteries for
application in FAA facilities and equipnent. It is divided into
2 sections: section 1 describes the selection of new (original)
batteries, and Section 2 discusses selecting replacenment bat-
teries. To assist in docunenting battery requirenents,

section 1 includes a data sheet format for collecting information
about the battery application. A quick reference guide, the
Battery Selection Flow Chart, is included at the end of

section 1.

SECTION 1. NEW (ORIG NAL) BATTER ES

16 SYSTEM APPROACH. The selection and sizing of secondary
batteries is an inportant step toward ensuring satisfactory

syst em operation. Battery selection nay begin at the earliest
time the electrical paraneters of the equipnent can be defined.
Battery specifications and data published by manufacturers should
be consulted when conparing electrical paraneters of battery-
using equipnent with batteries that are commercially avail able.
Selection of commercial batteries inevitably involves sone degree
of trade-off between perfornmance ideals and comercial avail abil -
ity. \When possible, battery selection and sizing should be
coordinated with facility or equipnent designing in relation to

t he charge and discharge electrical paraneters, battery space,
tenperature environnent, and ventilation for optimzing system
perfor mance. Battery selection and sizing can be acconplished
using the procedures given herein and results conpared wth
recomendati ons from manufacturers.

17. |INITIAL PROCESS. Wen equipnment or facility electric power
needs have been defined, it should be determined if a battery
power source is applicable. The guidance provided in the | atest
edition of the Electrical Power Policy, Oder 6030.20, and Power
Policy Inplenentation of National Airspace System Oder 6950.2,
should be applied in the determination of facility requirenents.
If the equipnent or facility cannot tolerate an unschedul ed power
loss, or requires high reliability or portability, battery power
as either the primary or backup source is probably necessary.
Basic to these considerations are policy considerations and an
initial value analysis dependent on the application needs. |If,
after initial value analysis, it has been determ ned that
secondary batteries are needed, selection of the battery may

begi n. In the nost difficult case, a new facility or equipnent
has been or is being designed and will need secondary batteries.
Selection wll include determining if the application environnment
is suitable for batteries or needs nodification and what

el ectrochem stry to use, in addition to determning battery

par anet ers.
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18. DATA SHEET. Figure 3-1, The Facility Battery Selection Data
Sheet, is intended as a working paper to use in collecting

i nformati on about the battery application. Conpletion of the
data sheet should be as accurate as possible, because it provides
basic information for selecting and applying the battery in the
system  The data sheet should be conpleted prior to or as the
first step in using the flowchart battery selection procedures.
A discussion of entry information itens follows the data sheet.

a. Selecting Ofice. This is the office code or identi-
fication of the person filling out the data sheet.

b. Wiere Battery To Be Used (Facilitv/Eguipment) Thi s
identifies the intended operational site of the battery;, eg.,
H GH ALTI TUDE VORTAC, | NDI ANAPQOLIS, | NDI ANA or H GH ALTI TUDE
VORTAC, CONTINENTAL U.S. or Al Mintenance Facilities, AN XYC
PORTABLE DI G TAL VOLTMETERS. The description should al ways
i ncl ude the equi pnent designation and type of facility. If the
battery will be used in only one specific geographic |ocation,
that |ocation may be included.

C. Application or Use of the Battery to be Selected. The
i ntended application or use of the battery will lead to deter-
m nation of battery type. Data entry should include a descrip-
tion of the intended application or use in general terns for
mobility (stationary, nobile, man portable, other terns), using
equi prent (relays, forklift, etc.), charging schene (recharge and
float, equalizing recrarge and stand, autonotive regul ated,
solar, w nd generated, other termnms), and discharging purpose
(engine starting, energency lighting, notive power, normnal
primary operating power, other terns).

d Schedul ed mai nt enance interval List the interval at
whi ch mai ntenance operations, including battery maintenance, Wwll
be performed (six months, no schedul ed nai ntenance pl anned,
etc.).

e.  Maintaipabilitvconsiderations. Oher maintainability
considerations to be listed include whether or not battery
mai nt enance such as voltage nmeasurenents or water |evel measure-
ments or water addition can be acconplished with the system
operating, whether or not special provisions such as renoval of
the battery fromthe equi pment are necessary to test battery
capacity, and whether or not battery performance is nonitored
remotely.

f. Special reauirenents includes requirenents for all-
position capability, special chemcal conpatibility, connection
of a gas collection manifold to battery vents, or other battery
physi cal capabilities not generally avail able.
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FIGURE 3-1. BATTERY FACILITY DATA SHEET

FACI LI TY BATTERY SELECTI ON
DATA SHEET

Dat e

Selecting Ofice

Wiere Battery to be used (Facility/Equi pnent)

Describe application or Use of Battery to be Selected

Schedul ed Mai nt enance | nterval

Maintainability Considerations

Special Requirenents (A l-Position Use) (Chem cal

Conpatibility) (Gassing Manifold) (ete)

Remar ks

Chap 3
Par 18 Page 31



6980.284 July 12, 1988

FIGURE 3-1. BATTERY FACILITY DATA SHEET
(Cont i nued)

FACI LI TY BATTERY SELECTI ON DATA SHEET

Facility Application Environments (Operational Battery Ambients)

M ni mum Expected Temperature °pr Duration

Maxi mum Expected Tenperature Or Duration

Nor mal Expected Tenperature OF Duration

Descri be Unusual Conditions (Shock) (Vibration) (Rain)
(Sunlight) (Altitude) (Dust) (etc.)

Battery Discharge Load Profile Into Equipnent

Maxi mum Vol tage Tol er at ed . Vol ts
Lowest Vol tage for Required Perforrran.ce ___ \Volts
Maxi mum Current (inrush, spikes) | Anps
Nor mal Operating Current Anps

Compl ex Load Considerations (see Appendix

Di scharge Duration

Maxi mum Cal cul at ed Ampere-Hours Capacity (Ineclude any
design safety margins) Anper e- Hour s

Anticipated Frequency of Deep (>75%) Discharge %
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R - A
(Continued)

FACI LI TY BATTERY SELECTI ON DATA SHEET

Charge Characteristics Available
Charger power from (Commrercial |ine, renewable enerqgy,

etc.)

Wen is Recharge Started

Time Avail abl e for Rechar ge Hours
Maximum \Voltage to Battery ____ Volts
Maxi mum Current toBattery _____ Aps

Met hod of Recharge (Constant Potential)
(Constant Current) (Hybrid Description) (Pulse Charging)

Miscellaneous/Other

g. A remarks sectionis Included to use for pertinent
notes or comments.

h. The facility application epviropments include the
expected tenperature val ues, durations, and unusual environnents.

(1) Theexpected temperature values arethe expected
ambients at the battery location. The durations may be expressed
asacumulative percentage of acalendar year and may Include a
daily (or other) duration Ilimitfor econtinuous exposure.
Tenperature expectations may be determned fromelimaticcharts,
facility criteria, or actual measurements.

(2) Unusual enviropmental conditions to be listed
include expected shock or vibration (describe |evels, other known
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parameters), unprotected battery exposure to rain, direct
sunlight, or chemical dusts, altitude8 greater than 10,000 feet,
et c.

(3) VYentilatiop that is avail abl e shall be descri bed.
The type of ventilation, i.e., separate ventilation fans, fresh
make up air a8part of the heating and ecooling system or speci al
ventil ati on manifolds. The quantity of ventilation air in cubie
feet per mnute if available. The anmbunt of natural infiltration
due to the type of structure, i.e., Ol d structure or new well
I nsul ated and sealed structure.

i. Under the battery diascharge load profile Into

equipment, a description of the battery discharge is devel oped.

(1) Maximum voltage tolerated is the naxi num voltage
value from the battery that the equipnment can tolerate without
equi pnent damage oceurring. If this value differ8 fromthe
maxi mum val ue for required equi pnent operation (perfornmance),
both val ue8 should be noted.

(2) Lowest voltage for required performance is the
lowest voltage value fromthe battery that the equi pnent can use

to provide required performance.

(3) Maximum Current (inrush, spikes) is the highest
current value that the equipnment will require from the battery.

(3) Normal operating current is the continuous, steady
state, or average current that the battery will be expected to

provide to the equipnent.

(5) Conplex load considerations, described in
appendix 1, are applicable for capaalty determ nati on in cases
i nvol ving non-uniformor Irregular discharge currents. The
conpl ex load deseription should be summarized in the space
provi ded. If the load profile is aonplsr--generally speaking,
not a fixed resistance |oad or constant eurrent |oad--the exact
|l oad profile definition (graph or equation) may be required for
purposes of rate and capaecity determinations.

(6) Discharge duratiop la the time (total, uninter-
rupted) in hours that the battery is required to provide power to
the equipnent. |f thereare no nean8 sueh a8 vol tage cutoff
relay ortinmer within the equipment t0 autonatiaally 8top the
di scharge, and manual termination of the discharge mnmi ght not be
accomplished, then the battery mght beover-discharged to a8 low
as zero volts. This possibility of over discharging to zero
volt8 should be Included, along with the planned discharge
dur ati on.

(7) The maximuym anpere-hour capacity, including any
design safety margin in accordance with current FAA policy or
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ci rcunstances shoul d be calculated and entered on the appropriate
blank. It should noted that this value is uncorrected for
tenperature, rate, or other variations. If capacity is being
specified for autonotive batteries internms of seconds of cold
cranking time, rate and rating tenperature should also be
specified along with reserve capacity. The data sheet term

ERE- HOURS shoul d be narked out and the appropriate unit terns
Inserted for autonotive batteries.

(8) The anticipated frequency of discharging to
greater than 75 percent of calculated capacity should be entered
In the approPri ate space, expressing the frequency as a
percentage of the total nunber of cycles that the battery will
experi ence. For Type VI renewabl e energy storage batteries, the
total nunber per year of anticipated occurrences of discharging
nore than 75 percent should be given.

3 Charge characteristics, all available detail 8 of
charger performance are entered. If the charger paraneters have
not been defined because the charger ha8 not been ael ected, then
so note and change the data sheet sub-heading to charge charac-
teristics required.

(1) The source of power to the battery charger should
be entered in the appropriate blank.

(2) The gyestion, WHEN | S RECHARCGE STARTED? should be
answered with, when engine starts, when commercial power is
avai l able, or other appropriate description.

Not e: | f delay of the recharge for nore than 2 day8 is
anticipated, this fact nust be Included.

(3) Tine _available for recharge im hours should be
l'isted. Current FAA practice is that the tine for recharging
shall be greater than or equal to twice the discharge tinme, but
in no case greater than 24 hours, according to the fornula:

(2 e discharge duration){(recharge duration)<(2% hours).

(8) The nmximim voltage tO battery is the highest
voltage that will be available to the battery from the charger.
If the charger ha8 2 voltage steps such as for recharging at a
low rate, followed by equalize charging or for equalizing
recharge followed by float, both voltage values should be
l'isted. If the charger has an adjustable voltage range, the
range shoul d be Iisted.

(5) The maximum current to battery is the highest
current that the charger can deliver to the battery. If the
charger has different current capabilities, the capabilities
shoul'd be described as were the voltage values. Generally, the
maxi nrum chargi ng current avail able shoul d not exceed the nmaxi mum
discharge current required. If the charger will be providing
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operating power to the equipnent at the sane time it is recharg-
ing the battery, the maxinmum charging current avail able shoul d
not exceed twice the maxi mum battery discharge current. If the
charging nethod is by constant current (see next entry), the
current should result 4in replacenment of 110 percent to

125 percent of the battery capacity (greater than 100 percent due
to battery charge efficiency losses) in the tine allowed for
rechar gi ng. For recharging by the constant current nmethod,
actual battery charge efficiency nmust be determ ned, as well as
the anount of overcharge that the battery can wthstand w thout
damage or hazardous release of stibine or arsine gases (from

| ead-acid batteries containing antinony or arsenic).

(6) The jipntended method of recharge should be
described in the appropriate space. The nobst common recharge
nmethod for lead acid batteries is a one-or two-step constant
potential recharge with a current |limt that is |ow enough to
prevent battery damage but high enough to allow conplete recharg-
ing well within the allowable tine. Ni ckel - cadm um al kal i ne
batteries ace typically recharged by the constant current nethod.

k. M scel | aneous/other allows recordi ng of pertinent
comments OF additional information at the discretion of the
person filling out the data sheet.

19. NEW (ORIGINAL) BATTERY SELECTION.

a. Step 1. Collect D,C, Power Regujremepte. Selection of
new (original) secondary batteries begins with collection and

review of D.C. power requirenents and facility details, |ncluding
environments. Conplete the Facility Battery Selection Data Sheet
previously discussed to initiate the selection process. The

sel ection process will continue with determination of battery
type, class, style, capacity, environnent, nunber of cells and
voltage, charging requirenments, nmintainability, and renmaining
paranmeters for specification. In the end, availability, cost and
satisfaction of requirenents should be considered to determ ne
real i sm Value analysis nay be necessary, if electrochemistry
ha8 not yet been selected.

b. Step 2, Select Batterv Type The type (FAA

nomenclature) of battery desecribes the Intended application in
FAA facilities or equipnent. Battery desigmn and construction is
influenced by intended use or application. A brief discussion of
the relationships between type and typical applications follows,
with a nore detailed discussion contained under the applicability
paragraph in Chapter 2. To select battery type, determ ne from
the listed applications the one that best fits the Particular
need and specify the corresponding type nunber (roman numeral).

(1) Type I batteries are designed to be maintained on
standby on continuous float charge with occasional discharge into
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| oads such as uninterruptable power supplies, switchgear, or
communications equi pnent.

(2) Type Il and Type Ill batteries are designed to
provide high currents for short durations to engine cranking
(starter) notors, followed imediately by recharging. Type II
batteries are used with stationary engines. Sel ection of
capacity of Type Il batteries is facilitated by referring to
engine start battery table, table 3-4. Type II|l batteries are
used with notor vehicles and are smaller and nore resistant to
vibration than type Il batteries. Descriptions of the
configurations of currently manufactured Type 11l batteries for
autonotive applications are contained in Society of Autonotive
Engi neers Specification J537.

(3) Tvpe |V batteries are designed for intermttent
di scharging at noderate power |evels (electric notor |oads) wth
extended stand tine (days or weeks) in various states of di-
scharge. Type |V batteries are used to provide notive energy in
electric forklifts, transporters, and electric vehicles

(4) Tvpe V batt eries are normally of a seal ed design,
used for |ow power discharging in portable test equipnment or
emergency lights, and are nornally recharged within 2 days after
use,

(5) ZType VI batteries are designed for cyecle use at
various depths of discharge and low to noderate power |evels. A
significant portion of the cycle recharges will be inconplete,
such cycling being typical of solar power source or w nd power
source applications.

C. Step 3, Deternmine Maipt epapge Interval The cl ass

(FAA norencl ature) of battery describes the nmaintainability of
the battery. To specify class, determne fromthe listed

mai nt enance intervals the class that fits the partioul ar
application, considering current FAA nmaintenance phil osophy and
mai nt enance requirenents of collocated equipnent, the suitability
of the battery installation for acconplishing maintenance, and
the different anmounts of work (rmaintenance operations) needed by
the different classes. Then specify the corresponding class
nunber (arabiec nuneral) see table 3-1. Additional discussion of
typi cal associations between class and type is contained under
the applicability paragraph in chapter 2. The relationship
between class and nmaintainability is described bel ow,

(1) Class 1 (FAA pomepclature) regular (high) mainten-
ance batteries may require distilled water additions at six nonth
intervals to restore cell electrolyte levels. At I-year inter-

vals, cell voltage and the electrolyte speeific gravity should be
neasured, equalize charging should be performed, and battery
termnals should be cleaned, treated with corrosion preventative
and retorqued. Note, that sone battery charging nmethods auto-
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matically accomplish an equalizing recharge after every discharge
or on a daily basis through use of 2-step charging, high rate
time controlled charging, or daily boost charging controlled by a
timer or voltage sensitive relay. Al dass 1 batteries should
be given an annual equalizing charge to achieve or verify the
fully charged state wherein the cell voltages are properly

bal anced within the battery and, for lead acid batteries, that
the electrolyte has the proper specific gravity wi thout tending
to increase in value as the equalize charge is continued. (If
the specifiec gravity of |ead-acid batteries tended to increase,
the electrolyte may have been stratified, plate sulfatlon may be
decreasing, or significant water consunption due to electrolysis
may be occurring. If the electrolyte specific gravity remains
steadily bel ow the proper value, excess water addition may have
ocurred Or sulfuric acid may have seen | ost during specific
gravity neasurenents or through venting aerosol.) Cass 1
batteries should be specified when FAA policy permts that |eve
of maintainability,the installation is suitable for it, and the
batteries may experience frequent deep discharging or abusive
condi ti ons.

(2) CGass 2 (FAA nomepclature) |ow maintenance bat-
teries may require water additioms at one-year intervals to
restore cell electrolyte |evels. Typically, manufacturers

recommend agai nst high rate equalize charging of low-

mai nt enance batteries. Aut omati ¢ equalizing chargers shoul d
have lower voltage limts, to provide lower rate equalizing. A
typical lower rate equalize aharge cell voltage linmit for lead-
acid batteries wuld be in the range of 2.3 to 2.4 volts as
opposed to 2.4 to 2.7 volts for high rate equalizing. Class 2
shoul d be specified when FAA policy permts or requires that
level of maintainability, the installation is suitable for it,
and the batteries will not experience frequent deep di scharging
or abusive conditions.

(3) class 3 (FAA pomenclature) sealed, NO-Nmintenance

batteries sinply require no mai nt enance. Because these Dbatteries
are sealed, there are generally no access provisions allow ng
water addition. Sealed batteries nay be damaged or destroyed by
extensive overcharging. Typically, Cass 3 batteries require
more precise aontrol of charging paraneters, are slightly nore
expensive to buy, and may experience shorter life times. Class 3
shoul d be specified when FAA policy and the installation pernit8
or requires that level of maintainability and suitable batteries
are avail abl e.

d Step 4., Special Reguirements. The style (FAA
nomenci atu re) of the battery basically describes the sensitivity
of the battery to being tilted more than 45 degrees or inverted
If, during wet storage or use, it is necessary that the battery
be operated or positioned inverted or nore than 45 degrees from
the normal upright position, Style B must be specified.

G herwise, Style Amy be specified. Additional discussion of
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TABLE 3-1. MAINTENANCE | NTERVAL
Cass 1 G ass 2 d ass 3
6 Months X
Annual X X
No Maint. X

typi cal associations between style and type is contai ned under
the applicability paragraph in Chapter 2. The relationship
Bermeen style and position during storage and use is discussed
el ow.

(1) Stvle A (EAA nonenclature) batteries contain free
electrolyte or are orientation or attitude sensitive in sone
manner. \Wen the electrolyte is free to nove about within the
cell, electrolyte stratification may occur in stationary cells.
In portable or nobile batteries with free electrolyte cells,
hydraul i ¢ washing action nay erode active materials fromthe
plate surfaces or allow shedded, |oose particles to accunul ate
Into electrical paths between plates of opposite polarity,
causing cell shorts. Style A batteries may spill electrolyte
when they are tilted too far fromtheir normal upright position.
O, when gassing during overcharge, electrolyte may be forced
frominverted Style A cells, due to internal pressure buil dup
During operation, Style A battery performance may change if the
battery Is tilted such that sonme plate surfaces are not conplete-
ly covered by electrolyte. Style A should be specified only when
the battery 1s to remain in its normal upright position.
Commercial batteries can generally be tilted up to 45 degrees
fromthe normal upright position wthout ill effects, but,
wi t hout invoking this specific requirenent, there is no
guaranteed standard. This specific requirement of 45 degrees
tilt capability is included in the FAA battery specifications.
Style A batteries are nore tolerant of overcharge than Style B
batteries, because water can be replaced in the electrolyte
during mai ntenance for Cass 1 and Cass 2. For Cass 3,Style A
batteries, the cells generally contain hydrogen and oxygen
reconbi nati on means or excess eIectroIYte to allow [ower rate
equal i ze charging. Style A battery cells are available in many
sizes and domnate the |arger sizes.

(2) Stvle B (EAA nonenclature) batteries are not

orientation or altitude sensitive, nmeaning they can be used in
any position, including inverted, w thout variation in perform-
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ance. Additionally, the electrolyte in Style B batteries is non-
spillable, being constrained in a spongy mat or immobilized in
the formof a paste orjelly. Because the electrolyte is
constrained in the area of the cell plate surfaces, the battery
may be charged and discharged in anyposition, and the el ectro-
lyte won't spill out when the StyleB battery is inverted.

Style B can only be applied to dass 3batteries, because water
cannot be added to the constrained electrolyte. Due to the
constrained electrolyte, Style B batteries are Sensitive to
significant overcharging, requiring close control of the charging
par anet ers. However, for some Style B battery designs, freezing
in the discharged state will not resvlt in physical danage
(limted data available). Style B canoybe applied to Class 3
batteries and nmust be specified when the tettery map be operated
or positioned nmore than 45 degrees mm the normal upright
position (or inverted). Style B batteries are rostly available
in small or nmedium sizes, elthough some larger sizes are beconing
avai | abl e.

e. Determipe i f enviropmental conditiondpg is re-
guired. The battery environnent ambient air tenperature is the
nost significant environnental concern, although vibration or
shock may be inportant im certain applications. Because battery
operation depends on electrochemical reactions and the tenpera-
ture affects the rate of these reactions, battery capacity varies
directly with the tenperature and battery life varies inversely
with the tenperature.

(1) Ideally, the vattery ambient air tenperature
should be in the range of 74 - 80 degrees fahrenheit throughout
its life. If that is not possible, then consideratior should be

given to minimizing the tenperature deviations fromthe |deal
range, or at least to mnimzing the rate of tenperature

changes. Qherwise, the battery will have excess capacity at
high tenperatures in order to neet the |ow tenperature
requirement and Wl | deteriorate faster due to the necessary

hi gher specific gravity. The tenperature ranges given in the FAA
battery specifications are approxi mately the nmaxi num capability
for the batteries. Short duration excursions beyond the
specification | ow tenperature extrenes may not be significant,
because the battery nmass will require sone tinme interval to reach
a new anbient tenperature. And during |ow tenperature operation,
the armount of power |ost im overcom ng the battery internal

resi stance will warm the battery to a slight extent. However, at
|l ow tenperature the battery capacity IS significantly reduced and
the nornal discharge rate appears to the battery to be higher
than normal (when expressed in terns of available capacity).

Anbi ent tenmperature ranges cam be changed by heating, cooling,
insulating, or locating the battery underground or imn a different
area of the facility. Aheating or cooling source shoul d not
cause |l ocalized tenperature variations anong various points
within the inmmediate battery vicinity.
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(2) th tterv environnent ient air tenperature
is expected to exceed 122 degrees fahrenheit, then the anbient
air will have to be cooled orinsulation provided. |If the

magni tude and duration of tenperature excursions above

122 degrees fahrenheit is limted to a few degrees for a few
mnutes (less than an hour) and the battery will not generate
significant internal heat (from internal power |osses), then
Insulating the battery area may result im a satisfactory anbient
t enper at ure. If the tenperature excursion above 122 degrees
fahrenheit 1s nore than a few degrees or for nore than a few
mnutes, or if, during discharge or charge, the battery
tenperature rises sufficiently to cause the anbient tenperature
to exceed 122 degrees fahrenheit, sonme nmethod of cooling the
battery anbient tenperature nust be provided by the facility.
Cooling sufficient to limt the maxi num battery anbient
tenperature to 80 degrees fahrenheit is npbst desirable, but
value analysis may result in a higher tenperature. Cool i ng
mechani snms include air conditioning (refrigeration), circulating
wat er bat h. The method of limting the maxi num anbi ent
tenperature should be determ ned on a case-by-case basis. The
val ue analysis should take in to consideration the cost of
replacing batteries with the reduced life of high tenperature
verses the cost of cooling the battery environment to a
tenperature to adequately increase battery life. Wen the
battery tenperature range is between 122 and 80 degrees
fahrenheit with the nean tenperature remains near 80 degrees
fahrenheit the majority of the time environnental conditioning in
normal |y not required. These are the factors that nust be
considered in a value analysis.

(3) Llow anbient tenperatures reduce available capacity

and may result in eventual freezing of the electrolyte. If the
capability can be provided, the anbient tenperature should be

heated to at |east 32 degrees fahrenheit. If the tenperature is
bel ow -20 degrees fahrenheit (for Types Il and I1l) or +5 degrees
fahrenheit (for Types I, 1V, V, and VI), heat nust be provided or
ni ckel -cadm um al kaline batteries will be used. If the
application calls for large stationary batteries that nay set

di scharged for any length of time (Types I, IV, V, VI) or would

require the use of a low specific gravity |lead-acid battery, a
ni ckel -cadm um al kaline battery will be sel ected.

f. Step 6., Select batterv chemistry. Tine before

recharge may be a factor in selecting battery chenistry.
CGenerally, batteries are recharged as soon as di scharging has
been conpl et ed.

(1) bead-acid batteries are sensitive to standing in a
state of conplete discharge, as the sulfate forned by discharge
tends to erystalize and harden. Once the sulfate crystallizes
and hardens, it is very difficult to convert it back to active
battery material during charge. Per manent sulfatiom results in
| ost battery capacity. Di scharged and sulfated |ead-acid
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batteries will accept very little charging current when recharge
is finally attenpted. Sone success has ocurred during tests by
applying a high voltage (up to twice the normal voltage) with a
low current imt for a long duration using reduced specific
gravity electrolyte.

_ _ (2) Nickel -cadmi umral kal i ne batteries do not require
I mmedi ate recharging. If it is determned that the batteries
wll be routinely left standing in the discharged state (75
percent or less charge) for nore than two days, nickel-cadmium-

al kaline batteries will be used. If standing for as long as 2 or
3 days in the discharged state will rarely (less than once per
yeaé) occur, the lead-acid electrochemstry may still be consid-
ered.

(3)Sulfation of a lead-acid batterv results in
varyi ng degrees of permanent battery damage, depending on the
length of stand time, actual depth of discharge (percent of
active material formng sulfate), constituent ingredients in the
active paste materials of the plates, battery tenperature, and
el ectrolyte specific gravity (the sulfate crystals tend to be
nore soluble in very weak sulfuric acid). Because of the nany
variables, prediction of exact sulfation damage is not possible.
|f the extent of sulfation is not serious, capacity |oss nay be
tenporary, lasting only a few cycles. In considering whether to
sel ect lead-acid or nickel-cadmumal kaline electrochemstry
based on tine before recharge, 2 days should be considered
flexible with the shortest possible delay before recharging being
the nost desired for |ead-acid batteries.

_ - (4) Delav_of recharge after partial discharging is
routine in some battery applications. Industrial electric

transporters (Type IV batteries) are sonetimes operated for 2 or
3 nonths before recharging, if they are used very little (not
conpletely discharging the battery). And Type VI renewable
energy storage batteries may experience 1-3 days of delay in
rechargi ng several tines each year. Sone harnful effects of

| ead- aci d batter% sulfation are countered by the conposition and
design of these battery types. Present |ead-acid batteries can
stand charged for at |east 3nonths, wth nany being capabl e of
6 nonths charged stand before requiring recharge. The batteries
| ose capacity due to Internal self discharge during open circuit
cﬂarged stand, but this lost capacity tends to be recoverable by
char gi ng.

(5) Selection of electrochemistry, when based solely
on delays in recharge, should be acconplished on a case-by-case
basis after thorough consideration of all aspects. [f it is
anticipated that batteries wll remain in the discharged state
for longer than two days, select nickel-cadm umal kaline bat-
teries.
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g Step 7. Determ ne Batterv Capacitv Battery capacity
is a measure of the battery's capability to provide current above
a certain cutoff voltage for a period of time to using
equi pnent . Mat hematically, it is the time integral of the
discharge current. The actual capacity delivered by the battery
isdetermned by the battery tenperature and di scharge rate.

Lower tenperatures and hi gher discharge rates will reduce the
effective capacity of the battery and require selection of
batteries with higher rated capacity than what is calcul ated by
| oad requirenents.

(1) If _the batterv capacity capability is known, the
time duration that the battery will operate the equi pment can be
determned. |f the equi pment operating tine and current require-
ments are known or selected, then required battery capacity can
be determined. Equipnent operating tine requirenents are
tyPicaILy avai l abl e and provide a starting point for capacity
cal cul ation

(2) The_equipment current requirenents may or nay not
be well defined. If only a maxi mumcurrent requirenment or
average (normal) current requirenent is available, then capacity
nust be calculated on that basis and refined when nore descrip-
tive data is available. A steady, constant current load is the
sinpl est case, capacity being the product of current (in anperes)
multiplied by the tine that the current exists.

Capacity(Ah) = current(amps) X time(hrs)

As variations in the current value are introduced, the cal cul a-
tion of capacity becones nore involved. A graph depicting
battery discharge current values (ordinate) with respect to tine
of occurrence (abscissa) is called a discharge profile. [If the
di scharge profile is geonetrically sinple, e.g., a ranp slope, a
series of rectangular pulses, etc., geonetric area formulas can
be used to calculate the total area under the discharge profile
curve, which is the capacity. If the discharge profile can be
described by a mathematical equation, e.g., a sine wave above
zero, and exponential, a parabola, etc., the total area or
capacity can be deternmined by mathematical integration. [If the
discharPe profile curve is mathenatically conmplex, it nay be
desirable to approxi mate the capacity by breaking up the
discharge profile into small sections, calculating the area of a
regul ar geonetric figure (rectangle) that approxi mates the actual
area of the section under the curve, and adding the section areas
together to arrive at approxi mate capacity. (See appendi x 1 for
conpl ex load calculations.)

(3)Because temperature affects the current needs of
sone equi pnent, noticeably engine starters which have to crank
col d engi nes containing high viscosity lubricants or electrical
mot or s drivin? hydraul ic punps, the capacity needed by the
equi prent at | owest operating tenperature, normal operating
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tenperature, and highest operating tenperature nust be

determned and conpared. The avallable capacity fromthe

battery nust be able to neet the greatest of the needs

determned. At this time, any design safety capacity margins not
i ncl uded previously should be included and added to the capacity
values at lowest, nornmal, and highest operating tenperature. |f
the capacity needs increase with increasing tenperature or are
greatest at normal operating tenperature, then the values nust be
corrected to a standard tenperature. In this case the capacity
value that wll determne battery size is the uncorrected val ue
that results in the greatest corrected value. See chapter 2 for
tenperature effects on battery capacity and deternmine tenperature
correction factors (capacities are typically corrected to 77
degrees fahrenheit). | f the capacity needs increase with
decreasing tenperature or remain the same, then the capacity
value that will determne battery size is sinply the value at

| owest tenperature. This value may then be corrected to 77
degrees fahrenheit for conparing with manufactures literature or
proposal s.

(4) Having determ ned capacity, the various aspects of
rate can be determned. Discussion of ways to describe the

di scharge rate is contained under the battery ratings paragraph
in chapter 2. In the sinplest case, the discharge profileis a
constant current |oad that discharges the battery in an integral
nunber of hours, allow ng easy determ nation of C-rate or hour
rate (see chapter 2). For non-integral hours, it nmay be nore
desirable to specify the actual current. If an hour rate is
desired, determ ne the exact hour rate, round down to the | ower
I nteger hour rate, and correct the capacity value for rate
variation. In cases of a variable or conplex discharge current
profile, the discharge rate description selected should be the
mean or nmedian rate (whichever is nore descriptive for the
particular discharge profile), along wth maxi mum and m ni num
val ues. For a discharge profile involving high peak currents
(spikes or pulses), the tine of occurrence relative to the tota
di scharge duration (beginning or mddle versus end) may be
significant in determ ning needed battery capacity. If the
battery nust have the capability to support a sharp increase in
di scharge rate (current) near or at the end of the capacity

di scharge, then the total capacity required will be the sum of
the actual anpere-hours required by the discharge profile plus
t he excess anpere-hours capacity necessary to keep the battery
vol tage from dropping bel ow the cutoff val ue when the high
current demand occurs. Since in this event, alnost the total
anpere-hours actually required by the discharge profile have

al ready been rermoved fromthe battery, the actual anpere-hours
required by the discharge profile may be considered to have all
been renmoved at the highest rate. The capacity value of the

di scharge profile, which is now considered to have been renoved
at the highest rate, nust be corrected to the hour rate, mean or

Chap 3
Page 44 Par 19



July 12, 1988 6980.244A

nmedi an rate sel ected above for the battery (see chapter 2 for

di scussion of capacity corrections for rate). This results in an
excess anpere-hour capacity above the quantity required strictly
by the discharge profile at the lower rate selected initially.

An indication of this capacity change is given in table 3-2 and
table 3-3 for lead-acid and nickel -cadm um al kal i ne respec-
tively. Tenperature correction of capacity should be
acconpl i shed after rate correction

h Step 8. Selecting the nunber of cells and cutoff
vol t age.

(1) The nunber of battery cells required is determ ned
by cell electrochenistry and the equi pnent operating voltage
range. I f the batterr must remain connected to the equi prent
during charge, the voltage value at conpletion of charge (includ-
ing equalizing and float voltages) nust be within the equi pnent
operating range. If the battery will not remain connected to the
equi pment during charge, then Oan the charged battery open
circuit voltage value need be within the equi pnent operating
range. To calculate the nunber of cells, divide the maxi mum
equil pment operating voltage by the naxi mnum charge vol tage (or
open circuit voltage, whichever is applicable) of a single cell
of the desired electrochem stry (see Chapter 2 for voltage
values). The resulting quotient should then be rounded down.
This is the nunber of series-connected cells in the battery.

TABLE 3-2, EXAMPLE OF LEAD ACID LOW RATE
STATI ONARY BATTERY CAPACI TY* VERSUS RATE

Dl SCHARGE RATE PERCENT CAPACI TY
C/46 157%
c/18 139%
c/10 114%
c/8 100%
c/6 869%
c/5 79%
c/4 T71%
c/3 52%
cl/2 269%
1C 1%

#NoTE: Capacity to cutoff voltage of 1.75 volts per cell, T7°F
anbient, Cis the caBacity at the 8-hour rate. Wen high rate
(<d 2 agplications) atteries are required, different designs
shoul d be used that do not conformto this sanple table an
capacity should be stated in terns of maxinum|oad current for
the time required.
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TABLE 3-3., EXAMPLE OF N CKEL- CADM UM ALKALI NE
POCKET PLATE CELL capaciTy® VERSUS RATE

DI SCHARGE RATE PERCENT CAPACI TY
10-HOUR 105%
8-HOUR 103¢%
5S-HOUR 100%
3-HOUR 96%
| - HOUR 81%
SO-M NUTE 6u%
[ -M NUTE 5%

'NOTE: Capacity to cutoff voltage of 1o00volt at 77 degrees
fahrenheit anbient. The S-hour capacity is the baseline or
nom nal rate.

Batteries are comercially available in standard voltages such as
2volts, 6 volts, 12 volts, 24volts, etc. In these batteries
the actual voltages vary somewhat from the integral values, but
commer ci al equi pnent designed for these batteries will accept the
variations. In some of the larger systens, primarily stationary
systens where around a hundred or nore cells nay be connected in
series, the nunber of cells becones flexible and non-standard.

For a fixed voltage val ue, say 225 volts, 100cells would each be
at 22s0volts (average), 99 cells would average 2.273 volts,
101cell s woul d average 2.228 volts, and so on. In these non-
standard cases, tradeoffs can be nade between the total numnmber of
series cells and average or individual cell voltages, to benefit
one particular electrochemstry ornodify the cell voltages at an
end point (charge or discharge). The governing requirement is
that the battery nust be capable of operating within the equip-
ment operating voltage requirenents.

(2) Cutoff voltaae is the |owest voltage at which the
battery current is usable by the equipnent. Certain equipnment
has voltage sensing provisions and capability to turn itself off
when a pre-selected voltage value is reached. Qher equipnent
may termnate operation (and battery discharging) at a preset
time or duration. And sone eguipnﬁnt may remain connected to the
battery until it is manually disconnected or turned-of, possibly
di scharging the battery to zero volts. If it is probable that
the battery will be discharged to near zero volts or even bel ow
an average cell voltage of leas than 0.8 volts per cell (varies
with manufacturer), then nickel-cadm umal kaline electrochemstry
shoul d be selected. See chapter 2 for voltage cutoffs for
various nickel-cadm umal kaline battery designs. Al battery
vol tage cutoff calculations nust allow for the line voltage drop
(due to line resistance) between the battery and the using
equi pnent
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(a) If_the equipment has a tine-based limt
(duration or approximate capacity) for termnating discharge, the

cutoff voltage can be approximated by determ ning the approximate
capacity and depth of discharge and correlating these values with
the theoretical or experinental cell voltage predicted at that
Ppint (capacity or percent) for the selected rate and allow for
ine voltage drop. Manufacturers' data relating voltages, rates
and capacities should be utilized for this correlation.

(b) I f_the equipnent has an automatic cutoff at a
presel ected voltage, divide the preselected voltage (wth

al l owance for line voltage drop) by the nunber of cells to
determine the cell voltage cutoff.  |If the cutoff voltage for the
equi pnent is above the voltage at which the battery israted the
effective capacity of the battery will be reduced for the
articular application. If this situation occurs batteries with
i gher rated capacity need to be specified because the conplete
rated capacity of the battery is not available at the required
cutoff voltage. For lead-acid batteries, the individual cel
vol tage cutoff point below which the cells wll experience danage
or shorter lifetimes depends on the discharge rate, generally
1.75 volts for low to noderate rates, and from 1.75 volts to as
| ow as 0.8 volts (depending on manufacturer) for noderate to very
high rates. Some designs of nickel-cadm umal kaline cells also
have voltage cutoff limts (see Chapter 2).

3 atter requireme
Charger requirements are determ ned by the voltage and current
requi renents of the equiprment and the battery. he charger nust
be capable of returning the battery to a state of full charge
within the tine allowed. Need for equalizing charge capability
depends on the frequency of deep discharging. Al chargers
shoul d include manual adjustment capability (internal or
external) for maxi mum voltage and current limt capability to
provide flexibility to suFEort batteries from various manufac-
turers. N ckel -cadm umal kaline battery chargers are typically
of the constant current type, one-step or single current value
for tine limted recharges and two-step recharge (current and
float current) for continuous charging. Lead-acid battery
chargers are typically constant voltage with a current [imt.
Lead-acid battery chargers will have dual voltage capability, if
t he equalize charging capability is included. or all battery
chargers, current FAA practice 1s that the time for recharging
shall be greater than or equal to twi ce the discharge tinme, but
in no case greater than 24 hours according to the formul a:
(2%discharge duration)<(recharge duration)<(24% hours). Current
capability should be sueh that a capacity equal to the capacity
dischar%ed di vi ded by the battery charge efficiency is returned
to the battery within the tine allowed. Efficiency for |ead-acid
is typically 85 percent and 68 percent for nickel-cadmium=-
al kaline batteries.
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20. DETERMINE BATTERY PARAMETERS

a. Repmaining battery paraneters to be determ ned when
using the FAA battery specifications are discussed inthe
sequence in Which they are presented in the specifications.
Selection and specifying of detailed battery paraneters is
necessary for procurenent purposes. The general specifications
for batteries all ow proeuring batteries neeting general require-
ments, but nmany details must be specified for each application.

(1) Battery Copnditiom (Applicable only to lead-acid
batteries). The battery condition, when shipped, is either wet
and charged or dry and charged. The desired condition nust be
determ ned from atorage conditions expected. Battery condition
ahould be dry and charged for long term storage, or wet and
charged for |Imediate operation. Battery are nore hazardous in
the wet and charged condition, but requires activation before
operation when dry and charged. When dry and charged batteries
are specified, delivery with or without electrolyte should also
be specified, as determined by FAA policy considerations and
circumatancea at the time. To speeify battery condition in the
| ead-acid (only) speecification, specify wet and charged or dry
and charged With or without electrolyte (When dry charged), as
appl i cabl e. Before specifying dry charged condition, determne
if the existing charger capabilities can provide suitable
activation charging, typically s anpere8 current per 100 anpere
hours of capacity.

(2) Battervy Dimepsiopns. To specify the battery
di nenai ona, apeclfy the di nenaiona avail able for the battery
after subtraeting any necessary access apace for mai ntenance or
connection vhen imn the equipnent.

(3) Batterv Weight. To apeclfy the battery weight,
determ ne and specify the weight limtations for the wet, charged
battery supports, including rack weights when racks are to be
delivered with the battery.

(3) Flame Arresters. Determine and specify that flane
arrester8 are not to be included, if there is no reasonable

chance for battery gaaaaato be Ignited (auah as when a seal ed
battery, Class 3, la specified). Flane arresting vents are
automatically required by the specification, unless otherwise
specified. Also apeclfy vent provisions required for connecting
to an exhaust manifold, |f manifold provisions are included in
facility requirenenta (see chapter 3%).

(5) Battery Terminal Configuratiop. Determine and
specify the desired battery terminal configuration. The term nal
configuration must include dimenaiona (Shape and size). Termi nal
| ocation8 on the battery should also be specified, although the
specification does provide term nal |ocations when none have been
specified. The specification does specify terninal corrosion

Chap 3
Page 148 Par 20



July 12,1988 6980.244

protection, termnal resistance, termnal strength and clear-
ances. Terminal configurations and |ocations may be specified
using industry standard nunbers such as are available for
autonotive batteries or by using dinmensioned draw ngs or other
descri ption. Any special functioning, such as plug-in, twist-

| ock, or quick disconnect capability should al so be specified.

To specify termnal configurations and |ocations, specify the
term nal (positive and negative) dimensions, |ocations, and
speci al functions (if applicable ) by neans of draw ngs, industry
standard nunbers, or other description.

(6) Battervy Handling Proyisiops. Determ ne and
specify the desired provision3 for handling the battery. If no

handl i ng provisions are specified, the handling provisions wll
be as detailed in the specification. To specify battery handling
provi sions, provide a dinensioned drawi ng and functional require-
ments oOr describe the handling provision design.

(7) Batterv Mounting Provi.si.ans.. Determ ne and
specify the desired provisions for mounting the battery imthe
equi prrent or installation. If no nounting provision3 are
specifled, the nmounting provisions will be as detailed in the
speci fication. To specify battery nounting provisions, provide a
di nensi oned drawing and functional requirenments or describe the
nmounti ng provisions design

b. Batterv Item Level,. Determne and specify the battery
item level. |If no battery item |level is specified, the specifi-
cation does provide the item level for single or multi-cel
batteries, as applicable. To specify the battery item |evel
specify Item level (a) Single Cell Battery, (b) Milti-cel
Battery, (e) Cells or Cell Packs to be assenbled into a Milti-
cell Battery after delivery, or (d) Cells or Cell Packs for use
as replacenent or spares (reserves). (Note: FAA battery specifi-
cation item level (c) cell or cell packs to be assenbled into a
multi-cell battery after delivery requires the contractor to
provide all labor, hardware, materiala, and equipnent necessary
to set up the battery for operation.) Wen this Item level is
specified, the schedule for installation and |ntended FAA
facility location nust also be specified, otherwi se setup by the
contractor should be deleted from the requirements.

(1) Battery FEnvironnental Requirements.

(a) term ne an e th ery environ-
mental reguiremepte. LL 0O environnental requirenents are
specified, then the battery environmental requirenents will be as
detailed in the specification. (See the previous discussion

(19e.) for the tenperature environment.) The environnental
requirements to be specified are the storage conditions, shipping
and handling conditions, and operating conditions, including

anbi ent tenperatures, anbient relative humdity, altitude,
vibration, shock, and any other expected environnent (such as
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aalt air, bloving sand and dust, sunlight, fungus, corrosive or
other abnornmal atnosphere, etc.). Include details as to dura-
tiona, amounts, rates, application points, etc. The operating
functional shock requirenment nmay be deleted for the Type V
battery in enmergency lighting applications if the battery will
not be subjected to shock during operation.

(b) Yibration or shock MAy be a problem in sone

application, particularly in aircraft and sone vehicle or marine
install ations. Wthstanding vibration or shock requires a nore
structurally sound battery, with restrainta to |imt plate notion
and to prevent loss of active materiala from the plate surfaces.
If the vibration or shock environnent is severe, consideration
should be given to providing vibration or shock isolators for the
battery installation. Determ ne and specify applicable vibration
and shock exposure paraneters. The vibration and shock

requi rements given in the FAA battery specifications can be
denonstrated by testing the batteries in accordance with other
specifications. The shipping and handling vibration test is
described in MIL-STD-810d (19 July 1983), Basic Transportation.
This teat represents shipnent by comon carrier | and transport
for 1000 miles. The operational vibration tests are from SAE
specif ication requirements. The shipping and handling shock test
is described in MIL-STD-810D (19 July 1983), nethod 516.3,
procedure V| . The Type V battery operational shock test is
described in M L-STD-810D (19 July 1983), nethod 516.3, procedure
|, functional shock. Note: The operating (functional) shock
requi renent of FAA battery specificationa may be del eted for the
Type V battery in emergency lighting installation8 if the battery
will not be subjected to shook during operation.

(C) Protection from bprecipitation and direet
suplight should nornally be provided for the battery. The
altitude of nmost ground installations will not exceed 10,000
feet. Determne and specify applicable direct sunlight and
precipitation exposure paraneters.

(d) Battery Racks. Deternmine and specify if
battery racks are to be included with the batteries and whether
or not the racks should have seismiccapability. Battery racks
are normally required omly with Type | UPS batteries under item
| evel (e) cells or cell packs to be assembled into a nulti-cell
battery after delivery and nay be required for Type II batteries
under the sane item |evel. To determne |If seismic racks are
necessary, review chapter &, Seisnmc considerations, contained in
this order. To specify battery racks, specify if battery racks
are to be included with the battery and whether or not the racks
aret 0 have seismic (zone 4) capability.

(e) Batterv Data. Deterwmine and specify if no
data is to be delivered with the batteries. The specification
requires that information necessary to prepare and operate the
batteries be delivered with the batteries. To specify no data,
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specify no data required. |If other data (sueh as draw ng or
performance graphs or tables) is required, describe what data is
necessary and specify the requirenent in accordance with current
procurenment procedure8 for obtaining data.

(f) First Article Determine and specify if
first article specification requirenments apply. If first article
is required, the contractor nust provide test sanples and
acconplish first article tests. This requirenment should nornally
be reserved for very large quantity procurenent, a8 it is
expensive and tinme consumng. The contractor incurs additiona
expense for sanples and tests, which will inpact bid price and
schedul e. The first article requirenment includes conponents,
batteries, and preparation for delivery (battery packages). To
specify first article, specify first article is required, and
describe any special teats or circunstances.

(g) Qualitvy Assurance Responsibility Det er m ne
and specify who is responsible for acconplishing the quality
assurance inspections (tests), if other than the aontractor
Al so determine and speaify what inspection facilities are to be
used , if other than those selected by the contractor. Unless
ot herwi se specified, the specification require8 that the contrac-
tor be responsible for the quality assurance inspections, which
may be acconplished in suitable facilities of the contractor's
choi ce. To specify otherw se, specify who, other than the
aontractor, is responsible for accomplishing the quality assur-
ance inspections and what facilities are to be used.

(h) For S Test .
Determ ne and specify who is responsible for supplying the
necessary test equi pnent. Unl ess otherwise specified, the

speaifiaation requires that the aontractor aupply all teat

equi pnent necessary for the specification tests. To speaify who
is responsible for supplying the test equipnent, specify the test
equi pnent provider and what equipnment wll be provided, including
a sahedul e.

(1) Preparation For Delivervy. 7o specify
preparation for delivery, provide the informatiomn required by
paragraph 6.3(1) of the battery specification (level8 of preser-
vation, packaging, and packing required) as well as the inforna-
tion required by paragraph 6.2 of MIL-E-17555.

2. FLOW CHART SELECTION OF NEW (ORIG NAL) BATTERIES. As a
brief summery of guidance to battery selection, the follow ng
battery selection (next page) flow chart and Appendix 3, Battery
Sel ection and Sizing Exanple is presented. This flow chart is
applied for selecting new (original) batteries.
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FIGORE 3-2, BATTERY SFIFCTION FIOW CHART

Collect Facility Details/
Step 1emmmmmmmeeaanne. -Charge Parameters/
-Discharge Profiles/
-Environments/

v

S Select Battery Type
Step 2:--=nsmmmmemme oo -Application Type |

Types |, lll through VI \l,

Maintenance (Class)
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FIGURE 3-2, BATTERY SEI ECTI ON rLOW_CHART
(Conti nued)
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EME

22. REPLACEMENT BATTERIES. Battery replacement should be
accomplished when the batter% no | onger provides required
capacity Or performance (W th the charger functioning properly),
when the battery life has exceeded its design value, or at the
convenience of scheduling and funding availability mhen t he above
factors are expected to oceur shortly. Miultlaell batteries that
are not designed with repl aoeable cells should be

TABLE 3-4. REPLACEMENT BATTERY DATA

FOR STATIONARY ENGINE GENERATORS
ENGINE BATTERY WATT- HOURS
kW VOLTACE (8 Hour Rate)
5 32 2020
7.5 32 2660
10 32 3200
15 32 4100
20 32 3800
30 32 6000
50 32 7700
60 32 8500
100 32 10000
125 32 11000
150 32 12000
175 32 13000
200 32 13750
250 32 14750
300 32 15500

NOTE: To compute battery capaecity In anpere-
hour8 (for a particular size generator), divide
t he WATT- HOURS ool unn by the BATTERY VOLTAGB
column. Use nearest size available,

replaced a8 a complete battery preferably of the same part
nunber. In all replacements, electrochemistry, type, class and
style should remain the same. The replacement battery should not
have less capacity than the original battery, but ray have nore
capacity within the 1imits of charger capability, equipment need
and size limits. O her battery paraneter8 should generally
remain the same. For batteries havi ng repl aoeabl e cells,
selecting bet ween replacement of cells or entire batteries

i nvol ve8 several faator8 a8 discussed bel ow

a. Duripg the lifetige of a battery (that is assembled at
the site using cells or cell packs), Oone Or nore cells or unit8
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may fail. If a failure occurs in the early part of the expected
life, the manufacturer should be contacted for a replacenent
since the cell may bein full or partial warranty. If a failure

occurs during the latter part of the expected lifetineg,

repl acement is nore subjective. First, 1t may be possible that
the battery can neet the load requirenents with one or several
cells m ssing. Second, it may be nore economcal to replace the
entire battery at one time rather than replace individual cells
as they fail since, in the later case, the total |abor involved
in replacing individual cells or units pieceneal may be nore than
if the entire battery was replaced at one tinme. Aso, cells

purchased |ater may cost more due to inflation. If a required
cell or cell pack or acceptable substitute cannot be found, the
entire battery (conplete electrical unit, battery bank) wll have
to be replaced. I ndi vidual cells or cell packs are generally not

repairable. Final determination as to replacing individual cells
or the conplete battery will depend on technical and
adm ni strative factors existing at the tine.

(1) Repla nt of |ndivi I | or units should be
acconplished with cells or units of the sane part nunber or same
type, class and style and preferably from the sane manufacturer.
There are several reasons for this. First, batteries (especially
stationary) are usually purchased as a set of cells together wth

battery rack and all interconnecting hardware. Except for
autonotive batteries, there is little, if any, senmblance in form
factors between manufacturers. Thus, if a different part nunber,,

or type, class, or style of cell (or battery) is selected, having
differences in height and/or width, length, or terminals, sonme of
the Interconnecting hardware nay have to be discarded and junpers
or Interconnecting cables fabricated. Additionally, the replace-
ment cell or unit may not fit the existing rack.

(2) Ip addition to physical differences between
different types of cells, there are electrical differences. The
effect of these differences will depend upon the type of battery
(stationary |ead-antinony versus stationary |ead-calcium and
operating conditions. For exanple, if |ead-calcium stationary

cells were to be used to replace |ead-antinony stationary cells,
the | ead-calcium stationary cells would not be maintained fully
charged, unless the float voltage was increased, since the

nom nal float voltage for |ead-calcium stationary cells ranges
from 2.17 to 2.38 volts/cell (depending on the specific gravity)
and for the lead-antimony stationary cells, it ranges from 2.15
to 2.17 volts/cell with a nonmnal specific gravity of 1.210. If
the nom nal system voltage range was such that the equipnent
could wi thstand the higher voltage required, there would be no
problem in adjusting the voltage upward. However, if the cells
or agroup of cells were only a part of the total battery then'
problens could arise. For exanple to keep the |ead-calcium
stationary cells fully charged, the float voltage may have to be
raised to a level that the equi pment could not wthstand. Even
if the equipnent were able to withstand the higher battery fl oat
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vol tage, the net results would be that other stationary cells
woul d be constantly overcharged. This overcharging would require
nore frequent additions of water to maintain the proper electro-
lyte level. Additionally, the overcharging could accelerate
plate grid corrosion. This could cause an unacceptabl e increase
in maintenance visits to a facility to maintain It in operation
Substitutions such as this should only be done on an energency
basis. It should be noted that the use of autonotive-type
batteries for energency systens is specifically prohibited by the
National Electric Code of 1987 (Article T700-12(a)).

(3) Even _the partial replacement with units of the
sane type, class and style but different part nunber, or the sane

part nunber but different age (older cells versus new cells) can
present sonme problens, although the problens nmay not be as

severe. For exanple, on discharge, two different part nunbers,
but same type, class and style stationary cells, or an older and
a newer cell having the sanme part nunber, w | experience

different depths of discharge because of slight differencea in
capacity. The degree of difference will depend upon the relative
capacities and the quantity of anpere-hours renoved. During
recharge, sone cells will have to be overcharged in order to
recharge all cells properly (because charging is accomplished in
series and all cells receive the sanme quantity of anpere-hours).
This may result in cell voltage Inbalances within the battery, as
wel | as higher water consunption and grid corrosion in the cells
that are overcharged the nost. If an exact replacenent cannot be
found, then the next best replacenent based on capacity and fl oat
and equalizing voltages should be sel ected.

b. Battery or cell replacements should generally be ofthe
same part nunber, type, class, and style as the replaced battery
or cells. Repl acenent of the entire battery should be acconp-
lished with a battery of the sanme part nunber or, at least, of
the sane type, class, style, and performance paraneters.

Priority should be given to the electrical paraneters as the
mechani cal configuration of the facility is nore easily and
readily nodified in the field than are the electrical character-
istics of FAA facilities. The replacenent bpattery or cell should
not have a depth of discharge capability (and capacity) |ess than

that of the battery being replaced. If a desired part nunber
battery is no longer available and an equival ent substitute has
not been identified, then selecting a replacenment will require

using new (original) battery selection procedures.
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CHAPTER &, BATTERY FACI LI TY DESIGN
23  BATTERY FACILITIES. The battery facility is the battery

plus the associated structure8 and provisions necessary to enabl e
use of the battery in or with equipnment. Qui dance contained in
this chapter provides engineering and design considerations,
exclusive of electrical details, for applying a battery in a
system. The followi ng paragraphs discuss in general terns the
battery l|ocation, area ventilation, tenperature environnent,

wei ght aupport, seismc considerations, and safety.

24, ROOMS. COMPARTMENTS. PLATFORMS. GCeneral requirenents for
the locatlon and installation of batteries are simlar for lead-
acid and nickel-cadm umal kaline electrochemistries. The battery
should be located close to the equipnent it powers, in order to
m ni m ze conductor resistive power | osses. For reasons of
personnel safety, operational security, and prevention of
accidental battery damage, the battery should be in an area of
controll ed access. Batteries may be installed im a room separate
from the electronic equipnment, if the batteries are large or of

hi gh voltage and the equipment is attended by several personnel
O, batteries may be placed on a platform or in a Compartment
within the equipnent, for reasons of portability, limted access,
or proximty to using systems. The batteries should be located
out of direct sunlight, away form heat sources, and protected
fromrain, snow, dust and chem cal contam nation. Battery safety
aspects include econsiderations of chenmical interactions, electri-
cal (magnitude of charge and discharge currents and voltages),
evol ved explosive or toxic gasses and corrosive vapor ventila-
tion, and access space for installation and maintenance. For

| ongest battery |life and best performance, the battery environ-
ment should be tenperature controll ed. Additionally, battery
facility design nust include provisions to provide adequate
stable support for the battery weight, even under earthquake-

i nduced notion, and allowance for battery nomentum in nobile
install ations. Wiere nechanical vibration is severe, shock or
vibration isolation will be necessary.

25. BATTERY FACILITY VENTILATION

a. All secondarvy cells with water-based electrolyte ecan
produce outgassing of hydrogen and oxygen by electrolysis of

wat er . This outgassing occurs mainly during float operation (at
gassing voltages) and during equalize charging for lead-acid and
ni ckel -cadm um al kaline batteries. El ectrolysis of water can

ococur in sealed cells and vented cells. For this reason, all
seal ed cells should include provisions to vent gasses before
pressure buildup would result imn cell fragnentation. Some sealed
cells include catalytla provisions for recombination of hydrogen
and oxygen into water. Where praatiaal, consideration should be
given to the use of hydrogen deteators to alert to the presence
of inpinging unsafe levels,
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(1) Qutgassing capm occur on discharge when cells are
connected in series. If, during discharge, one or nore cells are

depl eted (discharged to zero volts), due to |ower capaecity than
the other cells in a series string, the higher capacity cells can
drive the |l ower capacity cells into reversal (reversed polarity

chargi ng) . If this- reversal is extensive, the cell will outgas.
(2) Some outgassipg Can occur when the battery is on
float charge if the charging voltage is too high. Each ampere-

hour of overcharge (current that does not go into actually
charging a cell to Its full capacity) will produce about 0.016
cubic foot of hydrogen gas, H,. Ventilation nust be provided to
prevent the hydrogen from building up to one percent concentra-
tion by volune of room air atany tinme to conply with the
Cccupational Safety and Health Aet (COSHA). At approximately &
percent concentration, hydrogen presents an explosive mixture
with roomair, which can be ignited by a spark.

b. It is gepnerally difficult to calculate the amount of
hydrogen given off during equalize and float chargi ng because of
the effects of battery age (deterioration) and plate component
material on float current. If thefloat current is known, then
the rate of gas generation can be calculated using a figure of
0.000269 cubie feet of hydrogen gas produced by 1 cell imn 1
m nute per anpere of float current. A convenient formula for
caleulating the anount of hydrogen (H,) evolved from a battery
(one series string) is:

Vol ume of H,in rt3 = |
(0.016) (ampere-hours Of overcharge)(number of cells in series
string)

(0.000269 cu ft of H,)(60 minutes/hour) =
(0.0159 ou. ft. of H, / Hour)
{Average for all lead acid batteries}

c. The rate of evolution is sinply the volune of H,
di vided by the overcharge tine or:

By(ft3/hr) =

(.016) (ampere-hours of overcharge) (Number Oof cells in series
string) divided by Time imn hours (duration in hours of
over char ge)

d. The amount of veptilation reguired to keep the
hydrogen t0 a naxi num concentration of 1 percent during recharge
is:

Ventilation (£t3/nr) = B, (£t3/nr) (100)

The above can be rewitten as:
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Min Ventilation (f£t3/hr) =
1.6(ampere-hours_of overcharge)(number of cells in series gstring)

Overcharge Duration in hours

e. Hydrogen evolution is nominal to non-existent when the
battery is onfloat charge at the proper voltage. Typical float

currents at the proper voltages are:

Lead-acid antinmony = 0.001-0.035 A/ Ah ofcell

Ni ckel -cadmi um al kaline H gh Rate = 0.003 A/ Ah of cell
Ni ckel -cadmi um al kaline Med. Rate = 0.002 A/ Ah of cell
Ni ckel -cadmi um al kal fne Low Rate = 0.001 A/ Ah of cell

feo A worst case copditiop would be for the battery to be
fully charged and the charger voltage output to remain in the

equal ize or high-rate charge node. Under this condition, the
current through the battery is many tines higher than the nornal
float current would be (see preceding sub-paragraph). Thus, it
is Inportant to closely control the equalize charge duration, 1if
only to prevent buildup of hydrogen.

8. The veptilation reguiremepts to prevent hydrogen

accumulation beyond 1 percent concentration require conplete air
vol une exchanges in a period deternined by the roomair vol une
and hydrogen production volune as described in preceding subpara-
graphs., Roons which are occupied by personnel may require air
vol ume exchanges at a higher rate, depending on human factors
design requirenents, such as |ength of oeecupation and nunber of
personnel im the facility. This applies to both controlled and
uncontrolled environnents. Ventilation can be accomplished by
sinply exhausting the battery room air out-of-doors. \ere this
is not practlaal, the battery vents canbe connected to an
exhaust manifold that releases vented gasses out-of-doors. The
volune of air for exhaust may be reduced from roomsized quanti-
ties by placing the battery in aclosed econtainer and venting the
contai ner out-of-doors (along with providing provisions for
container nmake-up afr.

h If the batterv room is suypplied with conditioned air
by apart of a building's general system the exhaust airshoul d

not be returned to thedistribution system but dfreated outside.
Hydrogen is lighter than air and, although It disperses rapidly
t hroughout an enclosure, it nay initially accumulate in the

hi ghest part of the ceiling area. This i s wherethe exhaust
vents or exhaust fans should be located.

i. Other batterv emissjons renoved by proper ventilation

are aerosol electrolyte and electrolyte vapors, arsine Or stibine
gasses (from lead-acid batteries with arseniec or antinony im the
lead) , and gasses or vapors resulting from breakdown of organic
or synthetiec materials within the battery or battery case.
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26. TEMPERATURER ENVI RONMENT, .The prerating tenperature for

batteries is the single most important factor affecting the life
and electrical capacity of the battery system The battery space
or room should be insulated to mnimze tenperature extrenes or,
at least, to minimize the rate of tenperature change due to
outside causes. A battery loaatlon with an anbient tenperature
at 75to 77 degrees fahrenheit will result in maxinum battery
l[ife and full capacity. A higher tenperature will result In a
reduced service life, and a lower tenperature will result in
reduced capacity. Operation at tenperatures of 60to 90 degrees
fahrenheit will not greatly affect the service life or capacity.
Batteries are capable of operating over nuch w der tenperature
ranges, but the smaller the range of tenperature extrenes and the
closer to the ideal tenperature, the nore cost efficient the

battery system will be. |If any heating provisions can be

provi ded, they should be capable of linmting the |owest
tenperature to 32 degrees fahrenheit. I deal Iy, heating
provisions should be capable of maintaining a tenperature of
74-77 degrees fahrenhelt. If cooling provisions can be provided,
they should be capable of limting the highest tenperature to
90-95 degrees fahrenheit. | deal |y, cooling provisions should be

capable of maintaining a tenperature of T77-80 degree8
fahrenhel t. When considering trade-offs, high tenperatures
shorten battery lifetime, requiring sooner replacenent. Lou
tenperatures reduce battery capaeity, requiring larger size
batteries.

27  WEIGHT SUPPORT. Batteries come in a very w de range of
wei ghts (and sizes) from small and |ight hearing aid and fl ash

light batteries to Industrial fork lift and military submarine
reserve power batteries. Facility design provisions nust include
adequate, stable support for these batteries, aswell asbeing
capable of withstanding battery mnonmentum changes im mobile
installations.

28. SEISMIC CONSIDERATIORS. Sonp battery facility instal-
lations nmay require the use of seism c raecks for supporting the

batteries. The necessity for seismc racks is determined from
the earthquake-induced acceleration (g-level) requirenents for
the particular | oaatlon (zone) or appllaatlon. These zones are
presented on the next page in Figure 4-1, Seismic Zones.

a. The seismic zope maps on the follow ng page,
figure 4-2, from the Uniform Building Code may be used as a
general guide for determning seismie risk. Specific guidance
should be obtained from the applfaable state building code. As a
precautionagai Nst nixing raaks designed for different seisnic
zones when noving racks to a different location, all seismic
racks should be specified for zone 4.
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FIGURE k-1, SEISM C ZONES
ZONE 0 = No danamge.

ZONE 1 - Mnor damage; distant earthquakes nay cause
damage to structure with fundanental periods
greater than 1.0 second; corresponds to inten-
sities V and VI of the MM Scal e.

ZONE 2 - Mbderate ,damage; corresponds to intensity VI of
the M.M.! Scale.

ZONE 3 - Maj or danmmge; corr?sponds to intensity VIII and
hi gher of the MM ' Scal e.
ZONE 4 - Those areas within Zone No. 3determ ned by the

proximty to certain mgjor fault systems.

29, SACELY., - Battery safety conalderatlons enconpass chenical,
electrical, expl osive gas, and access space considerations. A
summary of these considerations is provided as the follow ng
general safety requirements.

a. Chemical considerations include personnel protective
measures requiring aplash shields, goggles, showers, and eyewash
facilities. Shovers will not normally be required unl ess the
main function of the facility or that portion of the facility is
to perform maintenance on batteries. \Wen nmajor battery mainten-
ance i S being performed at an operational facility portable
shovers or sone other emergency source of water should be nade
available. Batteries or chemicals should not be mixed with those
of opposite reactivity, such as placing |ead-acid batteries in
proximty with nickel-cadmium-alkaline batteries. Only distilled
water or the correct electrolyte should be added to batteries.

Sal twater added to sulfuric acid electrolyte will result in
massive rel ease ofchlorine gas. \Wen diluting oonoentr at ed
electrolyte with distilled water, oonoentrated electrolyte should
be added slowy to the distilled water -- do not add distilled
water to concentrated electrolyte.

b Electrical consideratiops include provision of

i nsul at ed surfaces (conductors, walkways, tools, and work
surfaces). The National Eleectric Code should be consulted for
requirements for posting H gh voltage warning sigas. The high
current capability of batteries requires consideration of
current Interrupters to prevent fires due to over-current or
short circuits; arcing protection to prevent ignition of
combustibles and expl osive gasses; and electromagnetie NOi Se

1/ Modified Mercalli Intensity Scale of 1931
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suppression to prevent Interference with sensitive electronic
equi prent . Access space should be sufficient to allow
unobstructed battery or cell renoval and replacenent, personnel
novement, and maintenance operations.

c @n eal Safety Reguirements. The safety precautions

listed below apply to both | ead-acid and nickel -cadm um al kal i ne
systens. Gelled and | ow volune electrolyte batteries are

sonewhat | ess hazardous than stationary batteries since they are
sealed, With all sealed batteries, |eakage or spillage of
electrolyte is leas likely to oceur, and the em ssion of gasses
and corrosive fumes i S suppressed. However, the hazard possibil-
ities still exist, and caution nust continue to be exercised when
working with these batteries.

(1) Limit personnel access t O the battery room to only
t hose personnel that are famliar with battery Installation,

chargi ng, nmaintenance, and safety procedures.

 ded (2) Unobstructed exit fromthe battery area should be
provi ded,

(3) Smokipg orthe use of opepn flames in the battery
room shoul d be prohibited. NO SMXKI NG signs ahoul d be posted at

the entranae to the battery room

(4) Protective egujpment consisting of an apron,
gl oves, goggles or face shield with goggles should be worn when

batteries are being handled, installed, or naintained.

(5) Qnly tools with insulated handles shoul d vbe used
to make connections to the battery. Metal tools or other objects
shoul d not be placed on top of batteries, since they nmay cause
spark8 that could result im an expl osion of hydrogen gasin or
near the cells. A nonnetallic flashlight wth anon-sparking
gmﬁtch i s recoomended when a flashlight laneeded forinspecting

atteries.

_ (6) Rinegs apd _wristwatches should be renmpved before
working on batteries in order to prevent aborting of conductors
and resulting sparks, shock, or skin burns.

(7) Do not break a currepnt-carrvipe circuyit near the
battery, as it can aauae a spark.

(8) Thebattervy vent capsshould be kept in place.

(9) Do not leam over abattery when it la being
aharged or tested.
(10) Keep all connectiops tight to ensure am nimum

voltage drop and to prevent arcing.
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. (11) The outside of the cellsshould be kept clean and
dry to mnimze self-discharge. Cells or batteries should be

w ped clean with a clean cloth or rag danpened with distilled
water and then w ped dry. Solvents or detergents should not be
used as they may react with the case material or contamnate the
battery interior

(a2) If_electrolyte cones Into contact with eyes, skin,
or clothing, flush the eyes with plenty of clean cool water (it
is recommended that flushing be continued for 15 minute). Secure
medi cal attention immediately. Be sure to tell the nedica
personnel whether the electrolyte was acid or alkaline, as the
treatment is different.

d Lead-Acid Battery General Safetv Reguirements. The
follow ng additional safety precautions apply to |ead-acid
batteries.

(1) Promptly neutralize and remove any spilled
electrolyte with a soda/water (1 pound per gallon) solution. If
using the neutralizer solution on the top of a cell, take care to
prevent the solution fromgetting into the cell. A prepared
bottle of neutralizer solution should be kept readily avail able.

@ If_electrolvte cones into contact with eyes, skin,
or clothing, flush with water inmediately and then neutralize
with a soda/water solution (1 pound of soda per gallon of
wat er) . Secure nedical attention in case of skin contact.

(3) When preparing electrolvte, pour the concentrated
acid into the water. NEVER POUR WATER | NTO CONCENTRATED ACI D.
Pouring water into acid rel eases heat which may be sufficient to
cause | ocalized boiling and splashing, resulting in personal
injury. Use a plastic or rubber container. ATow the electro-
| yte to cool before adding to a cell.

(4) Never use hydronmeters, thernmoneters, filler bulbs
or tools that have been used with alkaline cells as they may be
contam nated with alkaline material, Wwhich could cause a chem cal
reaction and destroy the cell or result in injury.

e. Ni ckel - cadmiyggelkaline batterv seneral safety reguire-
nentg. The following safety precautions apply to nickel-
cadmumal kaline batteries.

(1) Promptly neutralige and renove any spilled
el ectrolyte with a 3 percent boric acid solution or househol d

vinegar. Wien using on the top of a cell, take care to prevent
t hesol ution forWI%ettlng into the cell. The boric acid solution
or vinegar should be kept readily avail able.
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(2) If electrolvte comes into contact with skin or
clothing, flush imediately with clean cool water (it is recom
mended that flushing be continued for 15 m nutes) and seek
medical attention pronptly. Tell the medical personnel that the
burn was due to an al kaline material rather than acidic, since
the treatment is different.

(3) When preparing electrolvte, slowmy pour the dry
electrolyte into the water and mx slowy wth a clean plastic
paddle. Do not use a copper, zinc, galvanized steel, or alum num
container. Allowthe electrolyte to cool before adding to cell.

(4) Never use hydrometers, thermoneters, filler bulbs,
or tools that have been used with acid cells as they may be
contam nated with acid, which could result in a chem cal reaction
and destroy the cell or cause injury.
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Appendi x 1

(R SCOPFE, Thi s appendi x describes the nethod to be used in
sizing a battery system for a conplex (tinme varying) | oad.

2. SUMVARY OF METHOD. Basically, the nmethod anmounts to nothing
nore than determning the area under the |oad-tine curve. The
area is not just an integration of the tine-load curve, but is an
adjusted area based upon the discharge characteristics of the
cell being considered. This adjustnent is necessary because as
the discharge rate (load) increases, the energy avail able
decreases. The capacity is determined by successively finding
the oapaoity required by each section of the tine-load discharge
starting from the beginning of the discharge cycle.

3. SIZING EXAVPLE The followng exanple will serve to
illustrate the sizing nethod. Gven the time-load profile shown

in figure |1 and an end of discharge voltage of 1.75 V/e, the
procedure would be as described bel ow

FIGURE 1-1, D SCHARGE DI AGRAM
25
&20 .
<15 |
&
S10 -
-
5 -
0 1 T 1§
0 1 | 2 3 4
SECTION 1 = TME — HOURS
->{ SECTION 2 |
- SECTION 3
F—-secnoru__)
a. For section 1, the required capacity (Cg) is:

Cp = 25 anperes for 30 mnutes
b. For section 2, the Cr is:

CpR = 25 anperes for 1.5 hours mnus 10 amperes for
1 hours
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C. For section 3,the CR is:

CR = 25 anperes for 2 hours mnus 10 anperes for
1.5 hours minus 5 anperes for 30 mnutes plus
10 amperes for 2 hours

d. For section 4, the CR is:

Cr = 25 anperes for & hours mnus 10 anperes for
3.5 hours mnus 5 anperes for 2.5 hors plus
10 anperes for 2 hours.

4. CAPACI TY REQUI RED, The required battery capacity wll be
equal to whichever section gives the largest results. Since
period 3is followed by a larger denmand, the calculation for
section 3 is not required.

5. E_OF MANUFACTURER RVES. Mst lead-acid battery

manuf acturers publish perfornmance curves. The formand informa-
tion varies between manufacturers, but all curves Show time and

di scharge current in ternms of anpere8 per positive plate. Figure
1-2 on the followi ng page is ome such curve. Tabl e 1-1 lists
the discharge that can be determned fromthe figure.

TABLE 1-1. BATTERY PERFORVANCE DATA

TI ME RATE PER
HOURS POSITIVE PLATE

4.0 10.5

3.5 11.5

2.5 15.0

2.0 17.5

1.5 21.0

1.0 27.0

0.5 38.0

6 DETERMINING THE NUMBER OF PLATES  Using the tines and

di scharge rat88 1isted above, the nunber of positive plates
required for section 1, 2 and & of the discharge eycle are as
follows:
a. For seetion 1, the nunber of plates (positive) is:
No. Plates = 25/8 = 0.7

b For section 2, the nunber of plates is:
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No. Pl ates = 25/20.5 mi nus 10/127 = 0.8
a. For section 4, the nunber of plates 1is:

No. Plates = 25/10.5 minus 10/11.5 m nus 5/15 plus
10/17.5 = 1.7

d Since a fractional part of a plate is not available,
t he bakery would havetwo positive plates. The battery would
thus havea total of 5 plates.

T TABULAR DATA. Some battery manufacturer's do not publish

performance curves, but give performance d ata in tables. If the
nunber of plates 4is given with the data, then a dlaaharge curve
can be aonatruated. |f, however, the nunber of plates is not

gi ven, a performance factor K, can be determ ned from the tabular
data. This is accomplished by plotting the discharge time versus
the ratio of normal anpere hours to the diaaharge at the dis-
charge time. Table 1-2 1ists the published dlaaharge data for
one of the cells our of the group of cells uaed In the previous
exanpl e.

TABLE 1-2. DI SCHARGE DATA

DI SCHARGE DI SCHARGE
TIME (HR) AMPERES
8 6 3
5 g:8
4 10. 4
3 12.9
2 172
1.5 21.0
1 27.0
0.5 37.8
8. DETERMINATION OF FACTOR K The capacity of the battery
is 50.% AH (6.3 amperes X 8 hours;. The K factor for eaah

discharge period is found by dividing the 50.4 AH by the dis-
aharge rate (amperes) given In table 1=2. T h e result is shown in

table 1-3 and figure 1-3.
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TABLE 1-3, K FACTORS
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9 CALCULATING CAPACITY USINGk. Using figure 1-3 to find the
appropriate K factor and applying themto discharge sections 1, 2

and 4 (paragraph 3), the following capacities are obtained.

a. For section 1:

Cr = 25 X x factor for 30 m nutes
=25 X 1.3
= 32.5 AH

b. For section 2:

Cp =25 XK for 1.5 hours '"minus 10 X K for 1
hour
=25 X 2.4 mnus 10 X 1.9
= 41 AH

C. For section 4:

CR = 25 X K for 4 hours mnus 10 X K for 3.5
hours mnus 5 X K for 2.5 hours plus 20 X K
for 2 hours

= 25 X 4.8 minus 10 X 4.4 mnus 5 X 3.4 plus
20 x 2.9
88 AH

10 COWARI SON OF RESULTS. The one positive plate cell of the
group has a capacity of 50.4 AH. If we divide the 88 AH deter-
m ned by using the K factor, by 50.4, the result will be 1.8
cells or 1.8 plates. This agrees with the results obtained by
using figure 1-2 within the reading accuracy of the curve.

11 RANDOM LOADS. If the discharge cycle includes a random
Load, the battery capacity is first determned for the |oad as
described above W thout the randomload. The battery capacity
required for only the randomload is then determined. The tota
capacity required is the sumof the capacity required for the
di scharge cycle plus the capacity required by the random | oad.
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APPENDI X 2. TEMPERATURE CORVERSION TABLE

CONVERSI ONS FROM A G VER REFERENCE TEMPERATURE (DEGREES P OR ()
| N EACH CENTER COLUMN TO DEGREES CENTI GRADE (LEFT COLUMN) OR
DEGREES FAHRENHEI T (RI GHT COLUWN).

C = 5(F - 32)/9 F = (9/5)C + 32

DEGREES REF DEGREES DEGREES REF DEGREES
CENT. TEMP FAHR, _CENT. TEMP FAHR.

(Clevconax Flor(Ceeea- >F) (Cleceaua Flor(Cemeu- >F)
-53.9C -65 -85.0F -33.9C -29 -20.2PF
-53.3C -64 -83.2~ -33.3C -28 -18.4F
-52.8C -63 -81.4F -32.8C -27 -16 .6F
-52,2C -62 -T9.6F -32.2C -26 -14 ,8F
-51.7C -61 -T7.8F -31.7C -25 -13.0F
-51.1C -60 -T6.0F -31.1C -24 -11.2F
-50.6C -59 -T8.2F -30.6C -23 -9.4P
~50.0C -58 -T2.4F -30.0C -22 -T.6F
-hg. 4C -57 -T0.6F -29.4C -21 -5.8F
-48.9C -56 -68.8F -28.9C -20 -4 ,0F
-48.3C -55 -67.0~ -28.3C -19 -2.2PF
-47.8C -54 - 65. 2~ -27.8C -18 -0.4F
-47.2C -53 -63.4F -27. 26 -17 1.4F
-36.7C -52 -61.6F -26.7C -16 3.2PF
-46.1C -51 -59.8F -26. X -15 5 OF
-35.,6C -50 -58.0F -25.6C -14 6.8F
-45.0C -49 -56,2F -25.0C -13 8.6~
-84 4C -48 -54,4F -24,.4C -12 10.4F
-43.9C -47 -52.6F -23.9C -11 12.2F
-43.3C -46 -50.8F -23.3C -10 14.0F
-42,8C -45 -49 ,0F -22,.8C -9 15.8F
-82,2C -44 -3T7.2F -22.2C -8 17.6F
-41.7C -43 -45.4F ~21.7C -7 19.4F
-41.1C -42 -33.6F -21.1C -6 21.2F
-40,6C -41 -31,8F -20,.6C -5 23.0F
-40.0C -40 -340.0F -20.0C -4 24 ,8F
-39.4C -39 -38.2F -19.4C -3 26 .6F
-38.9C -38 -36.3PF -18.9C -2 28.4F
-38.3C -37 -34,6F -18.3C -1 30.2F
-37.8C -36 -32.8F -17.8C 0 32.0F
-37.2C -35 -31.0F -17.2C 1 33.8F
-36.7C -34 -29.2F -16.7C 2 35.6F
-36.1C -33 -27.5F -16.1C 3 37.4F
-35.6C -32 -25.6F -15.6C 4 39.2F
-35.0C -31 -23.8F -15.0C 5 41 _OF
-34.4¢C =30 -22.0F -14,.4C 6 42 ,8F

Page 1



6980.23A July 12, 1988
Appendix 2

APPENDIY 2. TEMPERATURE CONVERSI ON TABLE

CONVERSIONS FROM A GIVEN REFERENCE TEMPERATURE ( DEGREES F OR C)
IN EACH CENTER COLUMN TO DEGREES CENTIGRADE (LEFT COLUMN) OR
DEGREES FAHRENHEI T (RI GHT COLUWN).

C=5(F - 32)/9 F = (9/5)C + 32

DEGREES REF DEGREES DEGREES REF DEGREES
CENT. TEMP FAHR. CENT, TEMP FAHR.
(Cleemme- Flor(Cecee- >F) (Cememe= Flor(Cecee- >F)
-13.9C 7 44 .63 6.7C 4y 111.2F
-13.3C a 46 .4F 7.2C 45 113.0F
-12.8C 9 48.2F 7.8C 46 114 ,8F
-12.2C 10 50.0F 8.3C &7 116 .6F
-11.7C 11 51.8F 8.9C 58 118.4F
-11.1C 12 53.6F 9.4C 49 120.2F
-10.6C 13 55.4F 10.0C 50 122 .0F
-10.0C 14 5T7.2F 10.6C 51 123.8F
-9.4¢C 15 59.0F 11.1C 52 125.6F
-8.9C 16 60.8F 11.7C 53 127 .4F
-8.3C 17 62.6F 12.2C 54 129.2F
-7.8C | a 63.4F 12.8C 55 131 .OF
-7T.2C 19 66.2F 13.3C 56 132.8F
-6.7C 20 68.0F 13.9C 57 134.6F
-6.1C 21 69.83 14.4C 58 136 .4F
-5.6C 22 71.6F 15.0C 59 138.2PF
-5.0C 23 73.4F 15.6C 60 140.0F
-4.4C 24 75.2F 16.1C 61 141.8F
-3.9C 25 77 .OF 16.7C 62 143.6F
-3.3C 26 78.8F 17.2C 63 145 .4F
-2.8C 27 80.6F 17.8C 64 147 .2F
-2.2C 28 82.4F 18.3C 65 149,.0F
-1.7C 29 8%,.2F 18.9C 66 150 .8F
-1.1C 30 86.0F 19.4C 67 152 .6F
-0.6C 31 87.81 20.0C 68 154 . 4F
0.ocC 32 89.6F 20.6C 69 156.23
0.6C 33 91.4F 21.1C 70 158.0F
1.1C 34 93.2F 21.7¢C 71 159.8F
1.7C 35 95.0F 22.2C 72 161.6F
2.2C 36 96.8F 22.8C 73 163.43
2.8C 37 98 .6F 23.3C 74 165 .2F
3.3C 38 100.4F 23.9C 75 167.0F
3.9C 39 102.2F 24 ,.4C 76 168.8F
L T 40 104,.0F 25.0C 77 170.6F
5.0C 41 105.8F 25.6C 78 172.4F
5.6C 42 107.6F 26.1C 79 174.2F
6.1C 43 109.4F 26.7C 80 176 .OF
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APPENDI X 2. TEMPERATURE CONVERSI ON TABLE

CONVERSI ONS FROM A G VEN REFERENCE TEMPERATURE (DEGREES F OR ()
| N EACH CENTER COLUMN TO DEGREES CENTI GRADE (LEFT CcOLUMN) OR
DEGREES FAHRENHEIT (R GHT COLUMN).

C = 5(F - 32)/9 F = (9/5)C + 32

DEGREES REF DEGREES DEGREES REF DEGREES
CENT. TEMP FAHR, CENT. TEMP FAHR,

(Clemmmea Flor(Ceeee- >F) (Clmmmme Flor(Ceeee- >F)
27.2C 81 177.8F 47.8C 118 244 (4F
27.8C a2 179.6F 48.3C 119 246 . 2F
28.3C 83 181.4F 48.9cC 120 248 ,.0F
28.9¢C 84 183.2F 4o, .4C 121 249 .8F
29.4cC 85 185.0F 50.0C 122 251.6F
30.0C 86 186.8F 50.6C 123 253.4F
30.6C 87 188.6F 51.1C 124 255.2F
31.1C 88 190.4F 51.7C 125 257.0F
39 7C 89 192.23 52.2C 126 258.8F
32.2C 90 194,0F 52.8C 127 260. 6~
32.8C 91 195,.8F 53.3C 128 262 .4F
33.3C 92 197 .6F 53.9C 129 264 ,2F
33.9C 93 199.4F 54 ,4C 130 266. 0~
34.4¢C 94 201.2F 55.0C 131 267 .8F
35.0C 95 203.0F 55.6C 132 269.6F
35.6C 96 204, 8F 56.1C 133 271.4F
36.1C 97 206.6~ 56.7C 134 2T73.2F
36.7C 98 208.4F 57.2C 135 275.0F
37.2C 99 210.2F 57.8C 136 276 .8F
37.8C 100 212.0F 58.3C 137 278.6F
38.3C 101 213.8F 58.9C 138 280.4F
38.9C 102 215.6F 59.4C 139 282.2F
39.4C 103 217 .4F 80.0C 140 284 ,0F
30.0C 104 219.2F 60.6C 141 285.8F
40.6C 105 221 ,0F 61. X 142 287.63
B1.1cC 106 222,8F 61.7C 143 289 . 4F
41 0 71¢ 107 224 ,6F 62.2C 144 291.2F
42.2cC 108 226 .4F 62.8C 145 293.0F
42.8C 109 228.2F 63.3C 146 294 8P
43.3C 110 230.0F 63.9C 147 296 .6F
43.9C 111 231.8F 64.4C 148 298 .4F
4y 4¢C 112 233.6F 65.0C 149 300.2F
45.0C 113 235.4F 65.6C 150 302.0F

45.6C 114 237.2F
46.1C 115 239.0F
46.7C 116 240.8F
47.2C 117 242,6F
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APPENDI X 3, BATTERY SELECTION AND SIZI NG EXAVPLE

. GENERAL For the purpose of this exanple, a second-generation
VORTAC facility in the Indianapolis sector will be used. The
data used is for discussion purposes only and in no way reflects
on actual facility operation and/or equipnent.

2 STEP 1 - Collect D.C. power requirenents. Fill out the data
sheet from all available information that is known about the

installation (see figure 3-1).

3. STEP 2 - Select battery type. Since system is designed for
continuous float charge standby operation, a Type | battery is
sel ect ed.

4. SIEP 3 - Determine maintenance interval. Since system wl|
be mai ntained on a sem annual basis, Cass 1 nmaintenance battery

is selected.

5. STEP 4 - Special requirenents. Since batteries are in a
fixed installation, Style B is not required. Style A is selected
as being nore cost effective.

6. STEP 5 - Determine if environnental conditioning is required.
Since the battery environnent is well above 32 degrees fahrenheit
and below 12 degrees fahrenheit, no heating or cooling is
required.

T. STEP 6 - Select battery chem stry. Since the battery wl
remain di scharged 24 hours or less, lead-acid battery IS
sel ect ed.

a, STEP T - Determine battery capacity.

a. Rate Correctiom. Siuce the discharge is continuous
constant current, the capacity is current tines tine. O herw se
the nethod i n appendi x 1 nust be used. Since battery
anpere-hours are normally specified at the 8-hour rate, the
2-hour discharge will require a corrected 8-hour rate to be

det er m ned.
Uncorrected capacity of the battery is equal to
the operating current (41.7 anps) tinmes discharge
current duration (2 hours).
Capacity uncorrected = 41,7 anps for 2 hours = 83.4 A-H

Rate = 41,7 anps continuous | oad
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The discharge rate or C rate is = C/(A-H/I), 1.e.,
C/(83.4/41.7) = C/2

From Table 3-2, C/2 yields 26% of rated capacity based
on 8-hour rate, therefore, the rate corrected capacity
is:

83.4 A-H /7 0.26 = 320.8 A-H

b empe e C . Mo rarrection is necessary for
t enperatures above 77 degrees fahrenheit. However, for
tenperatures below 77 degrees fahrenheit, battery capacity must
be i ncreased, From Table 2-1, at 60 degrees fahrenheit, only
90 percent of rated capacity is available based on the 8-hour
rate. The corrected capacity is:

320.8 A-H 7 0.9 = 356.4 A-H
9. STEP 8 - Selecting the nunber of cells and cutoff voltage.

Batteries connected to equi pnment during charge.

Egquipment upper operating limit
Typical equalize voltage for battery recharge

27.6V / 2.30V 12.0

Rounded down 12 cell 8

Typical cutoff voltage for chemstry selected tines
nunber of cells selected

1.750 e 12 = 21.0V

21.0V is bel ow equi prent nom nal operating voltage, yet
still above equi pnent | ower operational range, nunber of
cells selected is sufficient.

10, SIEP 9 - Deternmine battery charge requirements. Existing
charger will provi de nmaxi mum voltage for equalize (see step 8).
Battery charger warrant sufficient for |oad and batteries. Load
is 41.7 anps. Batteries requires 4 amps for 24 hours to repl ace
98.1 A-H (83.4 A-H / 85 percent efficiency). Total naxi mum
required current is (%1.7 anps plus 4 anps) 45.7 amps which is
within the 50 anps avail able.

11 DETERM NE BATTERY PARAMCIERS. At this point, remaining

bakery paraneter8 can be determined.
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FIGURE

=P-ATA SHEET

FACI LI TY BATTERY SELECTI ON
DATA SHEET

Dat e 5 Jan 1986

Selecting Ofice INDIANAPOLIS SFO
Wiere Battery to be used (Facility/Equipnent)

INDIANAPOLIS VORTAC/SECOND GENERATOR VORTAC

Descri be application or Use of Battery to be Sel ected
STARDBY POYER - FLOAT CHARGE

Schedul ed Mui nt enance | nterval SEMIANNUAL
SYSTEM VOLTAGE ARD CURRENT

Mai ntainability Considerations
CAN BE MONI TORED REMOTELY

Speci al Requirenments (All-Position Use) (Chem cal

Conpatibility) (Gassing Manifold) (ete) none

Renar ks
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FIGURE 3-1 SAMPLE BATTERY FACILITY DATA SHEET
(Cont i nued)

FACI LI TY BATTERY SELECTION DATA SHEET

Facility Application Environments (Operational Battery Ambients)
M ni num Expected Tenperature CF _Dur at i on
Maxi mum Expected Tenperature €LF Dur at i on

Nor mal Expected Tenperature Z °f Duration

Descri be Unusual Conditions (Shock) (Vibration) (Rain)

(Sunlight) (Altitude) (Dust) (etc.) ___None

Battery Discharge Load Profile Into Equi pment
Maxi mum Vol tage Tolerated (2W + 158) 2716 t S
Lowest Voltage for Required Performance2JM.o | t s

Maxi mum Current (inrush, spikes) 31.7 Anps

Normal Operating Current 31.7 Amps

Conpl ex Load Considerations (see AppendiXx — )
Constant Load

Di scharge Duration 2 hours
Maxi mum Cal cul ated Anpere-Hours Capacity (Include any

desi gn safety margins) Anper e- Hour s

Anticipated Frequency of Deep (>75%) Discharge — %
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FIGURE 3-1 SAMPLE BATTERY FACILITY DATA SHEET
(Cont i nued)

FACI LI TY BATTERY SELECTI ONDATA SHEET

Charge Characteristics Available

Charger power from (Commercial |ine, renewable energy,
etc.) Commercial Lipe

Wien is Recharge Started Normally within 2 hours of use
Time Available for Recharge_ 24 Hour s

Maxi mum Voltage to Battery 28 | t a

Maxi mum Current to Batterg 50n p S

Met hod of Recharge (Constant Potential)
(Constant Current) (Hybrid Description) (Pulse Charging)

Constant Potenti al

Miscellaneous/Other
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