AUTO BATTERY FREQUENTLY ASKED QUESTI ONS

A word of caution. Batteries contain a sulfuric acid electrolyte which is
a highly corrosive poison, that will produce gasses when recharged and
explode if ignited. This will hurt you--BADH \Wen working with
batteries, you need to have plenty of ventilation, renove jewelry, wear
protective clothing and eye wear (safety glasses), and exercise caution
Whenever possible, please follow the manufacturer's instructions for
testing, junping, installing and charging. This FAQ assunes a six cell

12 volt negatively grounded systemfound in nost cars, light trucks and
vans.

WHAT IS THE BOTTOM LI NE?

A. At the first sign of slow starting, headlights dimat idle,
gauges indicate discharge with engine running at high idle, or your
battery seans to be |oosing performance, test it! (See Section 4.)

B. Performregul ar preventative mai ntenance, especially during HOT
weat her and before COLD weat her, (See Section 3)

C. Renpve surface charge before load testing and check the specific
gravity in each cell and the ternminal voltage, (See Section 4)

D. Keep the battery charged, but do NOT overcharge, (See Section 9)

E. Buy the freshest and | argest Reserve Capacity (RC), battery that
will physically fit with a Cold Cranking Anp (CCA) rating for your climte
that meets or exceeds the car's Oiginal Equi pment Manufacturer's (OEM
cranki ng anp requirenent, and (See Section 7)

F. Retest after deep discharges or junp starts for |atent danmage.
(See Section 4)
VWHY BOTHER?
Because only the rich can afford cheap batteries.....
A good quality battery will cost between $50 and $100 U.S. and, if
properly maintained, it should give you an average of five years of

service. The primary purpose of a car battery is to START the engine.
It also is used to filter or stabilize the power and provide extra power

for the ignition, lighting and other accessories when their conbined | oad
EXCEEDS t he capability of the charging system i.e., when the engine is
idling. In addition, a car battery provides power to the electrica

system when the charging systemis not operating.

Normal |y a battery "ages" as the active plate nmaterial sheds (or flakes
of f) due to the expansion and contraction that occurs during the discharge
and recharge cycles. Deep discharges, heat and vibration accelerate this
"agi ng" process. Eventually, the sedinment builds up and the can short the
cell out. Another mmjor cause of faulty batteries is sulfation. Wen
batteries are stored discharged or for over six nonths, |ead sulfate nakes
the plates very hard and dense and the battery | ess capable or unable to
be recharged. When the active material in the plates can no | onger



sustain a discharge current and the battery "dies". 1In a hot climte, the
har shest environment for a battery, a recent JCI survey of junk batteries
reveal ed that the AVERAGE |ife of a good quality car battery was 37 nonths.
Sl ow cranki ng, especially on a cold day, is another good indication that
your battery is going bad and it should be tested.

Deeply di scharged batteries al nbst al ways occur at the npbst inopportune
times, e.g., AFTER you have junp started your car, at the airport
returning home froma long trip, during bad weather, late at night in a
dark parking lot, or when you are late for an appointnent. You can easily
spend the cost of a new battery or nore for an energency junp start or

t ow.

Most of the "defective" batteries returned to the manufacturer are good.

Thi s suggests that npst SELLERS of new batteries do not know how or take
the tinme to properly test or recharge batteries.

HOW DO | PERFORM PREVENTATI VE MAI NTENANCE?

Mai ntai ning the correct electrolyte levels, tightening | oose hol d-down
clanps and term nals, renoving corrosion, and checking the alternator

belt tension is nornmally the ONLY preventative mai ntenance required for

a battery. The preventive nmi ntenance frequency is dependent upon climte
and battery type, but you should performat |east once before cold weather
starts and once a nonth in hot weather

If the electrolyte levels are low in non-seal ed batteries, add DI STI LLED
water to the level indicated by the battery manufacturer or to 1/8" BELOW
the bottomof the filler tube (vent wells). DO NOT OVERFILL, especially
in hot climates!

HOW DO | TEST A BATTERY?

The are four sinple steps to test a car battery--inspection, renove
surface charge, state-of-charge test and |load test. To test a battery

(or to troubl eshoot charging or electrical systens), you will need a
digital voltrmeter with .5% or better accuracy. A digital voltnmeter can be
purchased at an electronics store and will cost between $20 and $200 U.S.

If you have a non-seal ed battery, you can use a tenperature conpensating
hydronet er which can be purchased at an auto parts store for approximtely
$5 U. S.

A. | NSPECTI ON
Vi sual ly inspect for obvious problems, e.g., |oose alternator belt, |ow
el ectrolyte, corroded cable or term nal clanps, |oose hold-down clanps or
cable term nals, or a damaged case.

B. REMOVE SURFACE CHARGE
If you have just recharged you battery or driven your car, elimnmnate any
surface charge by one of the foll owi ng nethods; otherw se, go to the next

st ep:

1. Allowthe battery to sit for two to three hours,



2. Turn the headlights on high beamfor five mnutes and
wait five mnutes, or

3. Wth a battery load tester, apply a |load at one half the
battery's CCA rating for 15 seconds and wait five m nutes.

C. STATE- OF- CHARGE TEST

Using the following table, determ ne the battery's state-of-charge:

Open Circuit Appr oxi mat e Aver age Cel
Battery Vol t age St at e- of - char ge Specific Gravity
12. 65+ 100% 1. 265+
12. 45 75% 1.225
12. 24 50% 1.190
12. 06 25% 1.155
11. 89 0% 1.120

[If the tenperature of the electrolyte is below 70 degrees F (21.1 degrees
C), then add .012 volts (12 nmillivolts) per degree below 70 degrees F to
t he reading.]

For non-seal ed batteries, check both the specific gravity in each cel

with a external hydroneter AND the battery terminal voltage with a digita
voltnmeter without the engine running. For sealed batteries, nmeasuring the
battery's voltage wi thout the engine running with an accurate digita
voltneter is the only way you can determnmine the state-of-charge. Sone
batteries have a built-in hydronmeter which only neasures the
state-of-charge in ONE of it's six cells. If the indicator is clear or
light yellow, then the battery has a | ow electrolyte | evel and should be
refilled before proceeding, or if sealed, the battery should be repl aced.

If the state-of-charge is BELOW 75% using either the specific gravity or
voltage test or the built-in hydroneter indicates "bad" (usually dark),
then the battery needs to be recharged BEFORE proceedi ng. Replace the
battery, if one or nore of the follow ng conditions occur

1. If there is a .050 or nore difference in the specific
gravity readi ng between the highest and | owest cell, you
have a weak or dead cell(s),

2. If the battery will not recharge to a 75% or nore
state-of-charge level or if the built-in hydrometer stil
does not indicate "good" (usually green, which is 65%
st at e- of -charge or better),

3. If digital voltmeter indicates 0 volts, you have an open
cell, or

4. If the digital voltmeter indicates 10.45 to 10.65 volts,
you have a shorted cell. [A shorted cell is caused by



pl ates touchi ng, sedinent build-up or "treeing" between
pl at es.

D. LOAD TEST

If the battery's state-of-charge is at 75% or hi gher or has a "good"
built-in hydronmeter indication, then |oad test the battery by one of the
fol |l owi ng net hods:

1. Turn the headlights on high beam for five m nutes,

2. Disable the ignition and turn the engine over for 15
seconds with the starter notor,

3. Wth a battery |load tester, apply a | oad equal to one half
of the CCArating of the battery for 15 seconds, or

4, Wth a battery load tester, apply a |load equal to one half
t he OEM cranki ng anp specification for 15 seconds.

DURI NG the | oad test, the voltage on a good battery will NOT drop bel ow
9.7 volts with the electrolyte at 80 degrees F (26.7 degrees C). [If the
el ectrolyte is above 80 degrees F, add .1 volt for every 10 degrees above
80 until you reach 100 degrees. |f below 80 degrees F, subtract .1 volt
for every 10 degrees until 40 degrees.] After the load is renoved, wait
five mnutes and the battery should "bounce back" to the 50%
state-of-charge | evel or above. |If the battery drops bel ow m ni numt est
vol t age, does not bounce back, or will not start the engine, then you
shoul d replace it. |If the battery passes this test, you should recharge
it to restore it to peak performance.

HOW DO | KNOW I F MY CHARG NG SYSTEM I S OK?

A car's charging systemis conposed of an alternator (or DC generator), a
vol tage regul ator, battery and indicator |ight or gauge. Wile the engine
is running, it's purpose is to provide power for the car's electrica

| oad, e.g., ignition, lighting, accessories, etc., and to recharge the
car's battery.

When the charging systemfails, usually an indicator light will cone on or
the gauge will not register "good". The npst comon chargi ng system
failure is a | oose, worn or broken alternator belt, so check it first. |If

K, then with a known good battery and the engi ne running at 2000 RPM or
nore for two m nutes, depending on the |oad and anbi ent tenperature, the
vol tage should increase to between 13.0 and 15.1 volts. Mst cars wll
measure between 14.0 and 14.5 volts on a warm day. [Mst voltage

regul ators are tenperature conmpensated to properly charge the battery
under different environnmental conditions. As the ambient tenperature
decreases, the charging voltage is increased to overcone the higher
battery resistance. Conversely, as the anbient tenperature increases,
the charging voltage is reduced. Oher factors affecting the charging
vol tage are the battery's condition, state-of-charge, electrical |oad and
el ectrolyte level and purity.]

If terminal voltage is below 13.0 volts and the battery tests good after
being externally recharged or if you are still having problens keeping it



charged, then have the chargi ng system s output voltage and current and
car's parasitic (key off) load tested. A |loose alternator belt or bad
diode will significantly reduce the alternator's current output.

If output voltage is above 15.1 volts with the anbient tenperature above
freezing, the battery's electrolyte level is frequently low, or you snell
"rotten eggs" around the battery, then you are probably overchargi ng the
battery and the chargi ng system should be tested.

HOW DO | JUMP START MY CAR?

In cold weather, a good quality booster cable with four to six gauge wire
is necessary to provide enough current to the disabled car to start the
engine. [The smaller the wire gauge nunber, i.e., the larger the wire

di aneter, the better.] Please check the owner's manual for BOTH vehicl es
BEFORE attenpting to junp start and follow the manufacturer's procedure
because some cars should not be running during a junp start. However,
starting the disabled car with the good car running can prevent having
two di sabled. DO NOT all ow the booster cable clanmps touch each other or
the POSITIVE clanp to touch the frane or engi ne bl ock

A, |If BELOWfreezing, determne that the electrolyte is NOT frozen
in the dead battery. |If frozen, allow to thaw BEFORE proceeding. A
di scharged battery, i.e., battery voltage or 12.0 volts or |ess or
specific gravity of 1.140 or less, will freeze at approxinmately 8
degrees F (-15 degrees C)

B. Wthout the cars touching, turn off all unnecessary accessories
and lights on BOTH cars, insure there is plenty of ventilation, and put on
some protective eye ware.

C. Start the car with the good battery and let it run for at |east
two or three minutes at fast idle to recharge it's battery BEFORE
proceedi ng.

D. Connect the POSITIVE booster cable clanp (usually RED) to the
POSI TI VE term nal on the dead battery. Connect the POSI TI VE booster
cable clanp on the other end of the booster cable to the POSITIVE term nal
on the good battery.

E. Connect the NEGATIVE booster cable clanp (usually BLACK) to the
NEG TI VE term nal on the good battery and the NEGATI VE booster cable clanp
on the other end to a clean, unpainted area on the engine block or frane
on the disabled car AWAY fromthe battery.

F. Let the good car to continue to run at high idle for five mnutes
OR MORE to allow the dead battery to receive some recharge and to warm
it's electrolyte.

G Start the disabled car and allow to run at high idle. If the car
does not start the first tinme, recheck the connections, wait a few m nutes
and try again.

H. Disconnect the booster cables in the REVERSE order, starting with
the NEG TI VE clanp on the block or franme of the disabled car to minimze
the possibility of an expl osion.



I. As soon as possible, fully recharge and test the dead battery
for latent or permanent damage as a result of the deep discharge.

VWHAT DO | LOOK FOR I N BUYI NG A NEW BATTERY?

Battery buying strategy for use in Canada, for exanple, is different than
hot climtes that you find in Texas. |In the colder climtes, higher CCA

ratings are nore inportant; whereas, in a hot climte, a higher RC ratings
are nore inportant once the CCA rating has satisfied the OEM cranking anp
requirenment.

A. Cold Cranking Anps (CCA)

The nobst inportant consideration is sizing the battery's CCA rating to
MEET OR EXCEED, depending on the climte, the car's OEM cranking
requirenent. [CCAs are the discharge | oad nmeasured in anps that a fully
charged battery at 0 degrees F (-17.8 degrees C) can deliver for 30
seconds and whil e nmintaining the voltage above 7.2 volts. Batteries are
someti nes advertised by their Cranking Performance Anps (CA) or Marine
Cranki ng Anps (MCA) neasured at 32 degrees F (0 degrees C) or Hot Cranking
Anps (HCA) nmeasured at 80 degrees F (26.7 degrees C), which are not the
same as CCA. Do not be mslead by CA, MCA or HCA ratings. To convert CAs
to CCAs, multiply the CAs by .8. To convert HCAs to CCAs, multiply HCAs
by .69.]

In hot climtes, buying batteries with double or triple the CCA ratings
t hat exceed the CEM requirenent is a WASTE of noney. However, in col der
climates the higher CCA rating the better, due to increased power
required to crank a sluggi sh engine and the inefficiency of the cold
battery. As batteries age, they are |ess capable of producing CCAs.

One of the mpjor battery manufacturers, Exide, publishes the follow ng
t abl e:

Avai | abl e Power Tenperat ure Power Required
From Battery degrees F To Crank Engine
100% 80 100%
65% 32 155%
40% 0 210%
25% -32 350%
[If nore CCA capacity is required, two (or nore) 12 volt batteries can be
connected in parallel. Wthin a BCl group size, generally the battery
with nore CCA will have nore plates because a |arger surface area is

required to produce the higher current.]
B. Reserve Capacity (RC)
The second npbst inportant consideration is the Reserve Capacity rating

because of the effects of an increased parasitic (key off) load and in
emergencies. [RCis the nunber of minutes a fully charged battery at 80



degrees F (26.7 degrees C) can be discharged at 25 anps until the voltage
falls below 10.5 volts.] Mre RCis better in every case! 1In a hot
climate, for exanple, if your car has a 360 OEM cranki ng anp requirement,
then a 400 CCA rated battery with 120 minute RC with nore el ectrol yte
woul d be nore desirable than one with 1000 CCA with 90 m nutes of RC.

[If nmore RCis required, two six volt batteries can be connected in series
or two (or nore) 12 volt batteries can be connected in parallel. Wthin a
BCl group size, generally the battery with larger RC will weigh nore
because it contains nore |ead.]

C. Type

The two npst common types of CAR batteries are | ow maintenance
(non-seal ed) and mai ntenance free (non-seal ed or sealed). [The |ow

mai nt enance batteries have a | ead-antinony/cal cium (dual alloy or hybrid)
plate fornmul ati on; whereas, the maintenance free batteries have a

| ead-cal cium cal cium forrmul ation.] The advantages of maintenance free
batteries are |less preventati ve mai ntenance, |longer life, faster
rechargi ng, greater overcharge resistance, reduced term nal corrosion and
| onger shelf life, but are nmore prone to deep di scharge (dead battery)

failures due to increased shedding of active plate material. In hot
climates, buying non-sealed batteries is recommended because a seal ed
battery will NOT allow you to add water when required or to test the

specific gravity with an external hydroneter.

Some manufacturers introduced a third type of car battery, "dual", that
combi ned a standard battery with switchabl e energency backup cells. For
about the sanme cost a better approach was to buy two batteries and isol ate
t hem

In the future, you can expect to see nore expensive valve regul ated (ge
cell and absorbent glass mat (AGM, e.g., Interstate's Extrene Performance
and Optima, batteries used. This is because car manufacturers want to
extend their "bunper-to-bunper" warranty periods or as the batteries are
rel ocated from under the hood to avoid tenperature extremes. Please refer
to the Deep Cycle Battery FAQ for nore information on valve regul at ed
batteries.

For off road applications in trucks, recreational vehicles (RVs), 4x4s,
vans or sport utility vehicles, some manufacturer's distribute "high

vi bration" or RV battery versions designed to reduce the effects of
noderate vibration. For excessive vibration applications, it is best to
buy a commercial or AMG battery.

Car batteries are specially designed for high initial cranking anps
(usually for five to 15 seconds) to start an engi ne; whereas, deep cycle
(or marine) batteries are designed for prolonged discharges at | ower
anperage. A "dual marine" battery is a conproni se between a car and deep
cycle battery; however, a CAR battery will give you the best performance
in a CAR For RVs, a car battery is used to start the engine and a deep
cycle battery is used to power the accessories.
D. Size

Manuf acturers build their batteries to an internationally adopted Battery



Council International (BCl) group nunmber (24, 26, 70, 75, etc.)
specification, [which is based on the physical case size, ternmna

pl acenment and term nal polarity.] The OEM battery group nunber is a good
starting place to determne the replacenent group. Wthin a group, the

CCA and RC ratings, warranty and battery type will vary in nodels of the
same brand or frombrand to brand. Batteries are generally sold by nodel,
so the group nunbers will vary for the sane price. This nmeans that for

the SAME price you can potentially buy a physically larger battery with
nore RC than the battery you are replacing, e.g. a 34/ 78 group m ght
replace a smaller 26/70 group and give you an additional 30 mnutes of RC
If you do this, be sure that the replacenent battery will fit, the cables
will connect to the correct termnals, and that the termnals will NOT
touch the hood when cl osed.

BCl and the battery manufacturers publish application guides that wll
contain the OEM cranki ng anperage requirenents and group nunber

repl acenent recommendati ons by meke, nodel and year of car, and battery
size, CCA and RC specifications. Mnufacturers nmght not build or the
store m ght not carry all the BCl group nunbers. To reduce inventory
costs, dual terminal "universal" batteries that will replace severa
group sizes are becom ng nore popular and fit 75% or nore of cars on
the road today.

Battery manufacturers or distributors will often "private |abel" their
batteries for large chain stores. Belowis a list in al phabetical order
of the largest domestic battery manufacturers/distributors in North
America and my understandi ng of sone of their brand nanes, trademarks
and private |abels.

AC Del co/ Del phi  (800-223-3526 or www. acdel co. con)

Di eHard Gol d (Seal ed) (Contact | ocal Sears store or
WMWY, sear s. con)

Doubl e Eagle (Contact |ocal Goodyear store)

Dura Power

Everstart (888-387-8278 or contact |oca
WAl - Mart store)

Freedom (Contact |ocal Sears store or ww.Sears.com

Lastcell (Contact |ocal Trac Auto store)

Pr of essi ona

Tough One (Contact |ocal Western Auto store or
www. west er naut o. com)

Voyager

East Penn (610-682-6361 or www. east penn-deka. con
Amer i can
Domi nat or
El ectro
Deka
Hi - Tech
I nferno
Pow- R- Sur ge
Uni t ech

Exi de (800-782-7848 or www. exi deworl d. com
Aut o Express (Contact |ocal Wards store)
Centura (Contact |ocal K-Mart store)



Chal | enger

Di eHard (non-Gold) (Contact |ocal Sears store or
WMWY, sear s. con

Edge(Angler's, Arctic, Commander's, Cutting, Mariner's
and Universal)

Heat Guard

Legend (800-538-6272 or contact | ocal NAPA store or
www. hapaonl i ne. com

Max

Mega Cell and Mega Cycle

Mot orvator (Contact |ocal K-Mart store)

Muscl e Man

NASCAR Sel ect

Nautilas and Nautilas CGold

Power GLX (800-538-6272 or contact | ocal NAPA store or
www. nhapaonl i ne. com

Power - Tr on

Prestolite (Contact |ocal HiLo store)

Pro Start (Contact |ocal Pep Boys store or
www. pepboys. com)

Quick Start (Contact |ocal Wards store)

Sears (Contact |ocal store)

Sure Start (800-538-6272 or contact | ocal NAPA store or
www. napaonl i ne. com

Titan

Val ue-Life (Contact |ocal Firestone store)

Farm and (Contact |ocal store)

Guardi an

omi

(800-242-6750 or www. gnb. com
Anmer i can

Acti on Pack

Chanpion (Contact |ocal Sans store)
Dom nat or

Dunl op

Hi gh Ener gy

Nat i onal

Omga (800-925-6278 or contact |ocal Wal-Mart store)
Power Breed

Scor cher

Super Crank

Swi tch

Voyager (Contact |ocal Sans store)

Johnson Controls Inc. (ww.jci.com

Di ehard Gold (Non-sealed) (Contact |oacal Sears store or
WMWY, sear s. con

Dura-Last (Contact |ocal Auto Zone store or
WWw. aut ozone. com)

Energi zer (Contact |ocal Target or Wards store)

Equal i zer (Contact |ocal Wards store)

Eveready (800-331-9926 or contact |ocal Costco or Wards
store)

Interstate Aneriton, Mega-tron or MI-Plus (800-272-6548
or ww. i nterstatebatteries.com

Mot orcraft Tested Tough (800-392-3673 or contact |oca



Ford deal er)
Power Connecti on

E. Freshness

Determining the "freshness" of a battery is sometimes difficult. NEVER
buy a battery that is MORE than SI X nonths old because it is starting to
sulfate. [Sulfation occurs when | ead sulfate can not be converted back to
charged material and is created when di scharged batteries stand for a | ong
time or fromexcessive water loss.] The date of manufacture is stanped on

the case or printed on a sticker. It is usually a conbination of alpha
and nuneric characters with letters for the nonths starting with "A" for
January (generally skipping the letter "I") and digit for the year, e.g.

"J6" for Septenber, 1996. Like bread, fresher is definitely better
F. Warranty

As with tire warranties, battery warranties are NOT necessarily indicative
of the quality or cost over the life of the car. Mst nmanufacturers will
prorate warranties based on the LIST price of the bad and repl acenent
battery, so if a battery failed half way or nore through its warranty
period, buying a NEWbattery outright mght cost you |less than paying the
di fference under a prorated warranty. The exception to this is the free
repl acenent warranty period. This represents the risk that the
manufacturer is willing to assunme. A longer free replacenent warranty
period is better and is usually an indication of the quality of the
battery.

HOW DO | | NSTALL A BATTERY?

A car battery weights between 30 and 60 pounds, so the first question is
do | want to install it nmyself? The second question is what do | do with
the old battery if not exchanged for the new one?

A.  Thoroughly wash and clean the old battery, battery term nals and
case or tray with water to mnimze problens fromacid or corrosion
Heavy corrosion can be neutralized with a nmixture of baking soda and
water. Also, mark the cables so you do not forget which one it is which
when you reconnect.

B. Rempve the NEGATIVE cable first because this will mninize the
possibility of shorting the battery when you renpove the other cable.
Next renove the POSITIVE cable and then the hol d-down bracket or clanp.
If the hold down bracket is severely corroded, replace it. Dispose the
old battery by exchanging it when you buy your new one or by taking it to
a recycling center. Please renenber that batteries contain |arge amunts
of harnful |ead and acid.

C. After renmoving the old battery, be sure that the battery tray
and cable termnals or connectors are clean. Auto parts stores sell a
cheap wire brush that will allow you to clean the inside of a term na
clanps and the termnals. |If the terminals, cables or hold down brackets
are severely corroded, replace them Corroded term nals or cables will
significantly reduce starting capability.

D. Thinly coat the termi nal and term nal clanps with a high



tenperature grease or petroleumjelly (Vaseline) to prevent corrosion

E. Place the replacenent battery so that the NEGATIVE cable wll
connect to the NEGATIVE term nal. Reversing the polarity of the
el ectrical systemw ||l severely damage or DESTROY it or cause the battery
to expl ode.

F. After replacing the hold-down bracket, reconnect the cables in
reverse order, i.e., attach the POSITIVE cable first and then the NEGATI VE
cabl e last.

G Before starting the engine, check the electrolyte |levels and
state-of-charge. Refill or recharge as required.

[If you want to retain your car's conputer menory, security codes or radio
settings, a second battery can be tenporarily connected to the electrica
systemin parallel before disconnecting the first one. A cigarette
lighter plug can used to easily connect a parallel battery.]

HOW DO | RECHARGE MY BATTERY?

In addition to the earlier cautions, sone nore words of caution

A.  NEVER, NEVER di sconnect a battery cable fromcar with the engine
runni ng because the battery acts like a filter for the electrical system
Unfiltered [pulsating DC] electricity can danage expensive electrica
conponents, e.g., conputer, radio, charging system etc.

B. Check the electrolyte level and be sure it is not frozen BEFORE
rechargi ng.

C. Do NOT add water if the electrolyte is covering the top of the
pl at es because during the recharging process, it will warmup and expand.
After recharging has been conpl eted, RECHECK the |evel.

D. Reinstall the vent caps BEFORE rechargi ng, recharge ONLY in wel
ventil ated areas, and wear protective eye ware. NO snoking, sparks or
open flames because while the battery is being recharged because they give
of f expl osive gasses.

E. If your battery is sealed, do NOT recharge with current ABOVE 25
anps.

F. Follow the charger manufacturer's procedures for connecting and
di sconnecting cables and operation to mnimnize the possibility of an
expl osion, but generally you should turn the charger OFF before connecting
or disconnecting cables to a battery.

G If a battery becomes hot, or if violent gassing or spew ng of
el ectrolyte occurs, turn the charger off tenporarily or reduce the
charging rate.

H.  Insure that in car charging with an external charger will not
darmage the car's electrical systemwi th high voltages. |If this is even a
renmote possibility, then disconnect the car's negative battery cable from
the battery BEFORE connecting the charger



Usual ly, a when car is junp started, it is run to recharge (or equalize)
the battery. This might NOT fully charge it! The length of time to fully
recharge the battery depends on the anopunt of discharge, the anmount of
surplus current that is diverted to the battery, how long the engine is
run, RPM and tenperature. That is, an alternator is sized by the car
manufacturer to carry the maxi num accessory | oad and naintain a battery--
NOT recharge a dead one.

[ For example, if 300 anps are consumed for ten seconds to start a car from
a fully charged battery, it will take the charging system approxi mately
two and one half mnminutes to replace the power used if 25 anps are
available to the battery, six mnutes at ten anps, or an hour at one anp.
Usi ng the sane exanple with a dead 120 minute RC battery, it would take
approximately 86 tinmes longer to recharge it or three and one half hours
at 25 anps, 8.7 hours at 10 anps, or 86.4 hours at one anp].

If you have added lights, audio anplifiers, alarns, cellular telephones or
ot her accessories, and "stop-and-go drive occurs frequently, the

al ternator mght NOT produce enough current to keep your battery fully
charged. You might need to increase the capacity of the charging system
[Ideally the conmbined |oad of all the lights, fans, and accessories

shoul d be | ess than 75% of the chargi ng systenl s maxi num out put, so that
at least 25%is available to recharge the battery.]

A better nmethod to recharge batteries is to use an external constant
current charger which is set not to deliver nore than 12% of the RC rating
of the battery and monitor the state-of-charge. For fully discharged
batteries, the follow ng table, published by BCl, lists the recomended
battery charging rates and tines:

Reserve Capacity Sl ow Char ge Fast Charge
(RC) Rating
80 M nutes or |less 15 Hours @3 anps 2.5 Hours @20 anps
80 to 125 M nutes 21 Hours @4 anps 3.75 Hours @20 anps
125 to 170 M nutes 22 Hours @5 anps 5 Hours @20 anps
170 to 250 M nutes 23 Hours @6 anps 7.5 Hours @20 anps
Above 250 M nutes 24 Hours @ 10 anps 6 Hours @40 anps

The BEST nmethod is to SLOALY recharge it using an external constant

vol tage (or tapered current charger) because the electrolyte has nore tine
to penetrate the plates. A constant voltage "automatic" charger applies
regul ated voltage at approximtely 14.4 volts. A 10 anp automatic charger
will cost between $30 and $60 U.S. at an auto parts store. [To prevent
damage to a fully discharged battery, the current should be less than 1%
of the CCArating during the first 30 minutes.] Wth a taper charger, a
high current, up to 30 anps, can be applied to non-seal ed batteries for a
short period up to 30 minutes maxi mum and then is regul ated downward unti
the charge state reaches 100%

[ An excell ent automatic constant voltage battery charger is a 15 volt



regul ated power supply adjusted to 14.4 volts at 80 degrees F (26.7
degrees C). If 32 degrees F (0 degrees C), then increase the charging
voltage to 15.3 volts, but do NOT recharge a frozen battery. When
charging a mai ntenance free battery, add .2 volts.]

If left unattended, a cheap, unregulated trickle battery chargers can
overcharge your battery because they can "boil off" the electrolyte. Do
NOT use fast, high rate, or boost chargers on any battery that is sulfated
or deeply discharged. This condition requires a constant current from one
to two anps for 60 to 120 hours. The electrolyte should NEVER bubbl e
violently while rechargi ng because high currents only create heat and
excess expl osive gasses.

VWHAT | S PARASI TI C LOAD?

Parasitic (key off) is the cunmulative | oad produced by el ectrical devices,
e.g., clocks, conputers, alarns, etc., that operate after the engine is
stopped. Parasitic loads typically run 20 to 120 mllianps. To test the
parasitic | oad an anp nmeter nust be inserted in series with either the
positive or negative battery termnal and it's cable w thout the engine

running. |If the parasitic load is prematurely discharging your battery,
start renoving fuses one-at-a-tinme until the offending electrica
conponent is identified. Leaving your headlights on will generally

di scharge a fully charged battery (with 90 m nutes of Reserve Capacity)
intw to six hours.

CAN | | NCREASE THE LI FE OF MY BATTERY?

A. Keeping your battery and engine well maintained is the BEST way
to extend the |ife of your battery.

For cold clinmates, keeping the battery fully charged and the engi ne warm
will help increase the |ife of the battery. |In the warnmer clinmtes and
during the sumer, the electrolyte levels need to be checked nore
frequently and DI STI LLED water added, if required. This is due to the
hi gh underhood tenperatures. In a study conducted by the Society of

Aut onoti ve Engi neers (SAE), the underhood tenperature have increased 30%
since 1985. Heat shields are becom ng nore popul ar and are bei ng used by
a nunber of car manufacturers to protect the batteries fromthe high
under hood tenperatures. Some battery nmanufacturers build "hot climte"
versions by increasing the amount of electrolyte in the battery to provide
nore "cool i ng" or by special plate fornulations. Batteries |ast
approximately two thirds as long in hot climtes as cold ones.

B. Add distilled water--NEVER add acid or tap water and DO NOT
OVERFI LL.

C. Turning off unnecessary accessories and |ights BEFORE starting
your car will decrease the | oad on the battery while cranking, especially
when it is cold.

D. Leaving your lights or other accessories on and fully
di scharging the battery can ruin your car battery, especially if it is
mai nt enance free. |If this should this occur, you should test the battery
AFTER it has been fully recharged to deternmine if there is any latent or



per manent danege.

E. Reduce the parasitic (key-off) load to 120 m|llianps or |ess.

F. Storing fully charged batteries in cool |ocations and periodically
rechargi ng when they reach 80% state-of-charge or | ess OR six nonth;
whi chever occurs first.

G In cold climates, increasing the diameter (smaller wre gauge) of
the battery cables will increase the power available to the starter notor.

12. WHAT ARE THE MOST COMMON CAUSES OF PREMATURE BATTERY FAI LURES?

A. Loss of electrolyte (which account for over 50% of the failures)
due to underhood heat or overcharging,

B. Deep discharges (Ileaving your |ights on),

C. Mssapplication or using an undersized battery,

D. Undercharging or | oose alternator belt,

E. Excessive vibration (due to a | oose hol down cl anp),
F. Using tap water,

G Corrosion, and

H  Freezing.

VWHAT ARE SOME OF THE MYTHS ABOUT BATTERI ES?

A. Storing a battery on a concrete floor will discharge them

Modern | ead acid battery cases are better sealed, so external |eakage
causi ng discharge is no longer a problem [Tenperature stratification
within large batteries can accelerate the internal "|eakage" or self

di scharge if the battery is sitting on an extrenely cold floor in a warm
roomor installed in a submarine.]

B. Driving a car will fully recharge a battery.

There are a nunber of factors affecting alternator's ability to charge

a battery. The greatest factors are how nuch current fromthe alternator
is diverted to the battery to charge it, how long the current is avail able
and tenperature. Generally, running the engine at idle or short

"stop-and go trips" during bad weather at night will not recharge the
battery.

C. A battery will not expl ode.

Wil e spark retardi ng vent caps help, recharging a battery produces
hydrogen and oxygen gasses. Battery explosions can al so occur when the
electrolyte level is belowthe top of the plates. |If a spark or flane
occurs, an explosion will occur. Remenber the "Hi ndenburg”



D. A battery will not lose it's charge sitting in storage.

A battery has self discharge or internal electrochenical "l|eakage" that
will cause it to becone fully discharged and sul fated over tine. Prior to
storing a battery, it should be fully charged, placed in a cool |ocation
above freezing, and recharged when it reaches the 80% st at e-of -charge

| evel or once every six nonths, whichever occurs first. |[If left in a
vehicl e, disconnect the negative cable.

E. Mintenance free batteries never requires electrolyte.

In hot climtes, the electrolyte could be "boiled off" due to the high
underhood tenperatures . Electrolyte could also be | ost due to excessive
chargi ng voltage or charging currents.

F. Test the alternator by disconnecting the battery with the engine
runni ng.

A battery as |like a voltage stabilizer or filter to the pulsating DC
produced by the alternator. Disconnecting a battery while the engine is
runni ng can destroy the el ectronic conponents, e.g., conputers, radio,
stereo, alarmsystem etc., or the charging system Just say NO if
anyone suggests this.

Battery Tips

1. Overcharging

Severely corrodes positive plate grids, so that they weaken and may cause
the plates to disintegrate. Positive plates are frequently warped.

Decomposes electrolyte into Hydrogen and Oxygen gas and the excessive
loss of water makes the electrolyte get concentrated to an extent that is
damaging to plates and separators.

Creates high temperatures in the battery, which accelerate positive plate

corrosion and may damage separators, plastic separator guards and distort
the container.

Severe gassing may blow away active material from the plate surface

causing loss in capacity and also give rise to a fine acid spray escaping from
the battery.

Solution
Correct fan belt tension
Correct voltage setting of the alternator

2. Impure topping up of water and neglect of topping up

Impure water or electrolyte introduces impurities into the battery, which
accumulate with each such topping up.



The most common impurities are iron and chlorine, which attack plates and
shorten the overall life.

Chlorine also attacks and bleaches the separators

Neglecting to top up the water leads to an increase in the concentration of
acid in the electrolyte and consequently damages the plates.

The plate areas above the electrolyte level get hard and lose capacity.

Solution
Always top up with pure distilled water when the electrolyte level is low.

3. Undercharging

Persistent undercharging results in the sulphation of plates and a running
down of cells. This also causes lead sulphate deposits on separators, which

lead through and create short circuits between positive and negative plates.
Undercharging may also lead to the buckling of plates.

Solution
Correct fan belt tension
Correct voltage setting of the alternator

4. Leaving Batteries ldle

This causes the battery to run down due to self discharge. The lead sulphate
crystals formed as a result of self discharge grow as the battery stands idle,
and are not easily converted back on recharge. The sulphation, in other
words, tend to become permanent thus affecting battery capacity and
lowering battery life.

Solution
Ensure that batteries lying idle are given a freshening charge.

5. Container Damage

Container damage arises from:

Thermal deformation due to overcharge
Deformation due to excessive tightening
Damage by external forces and impacts

Damage by internal pressure or flashed explosion

This may physically damage the plates and separators in cells or cause leakage of
electrolyte so that the battery becomes unserviceable.

Solution
Handle your battery with care

6. Daily Inspections



Checking of electrolyte level

Maintain electrolyte level between the upper and lower level lines.
If the electrolyte gets low, fill pure water up to the upper level.

Never fill water over the upper level line.
Inspection of loosening and corrosion of terminals

If the terminals are corroded, remove rust with a wire brush and apply rust
proof grease.

Cleaning

A dirty battery causes leakage of electricity.

Wet cloth should be used in cleaning. If dry one is used, there is danger of
explosion due to electrostatic spark.

Q. Does a running vehicle in the daytime with headlights on reduce gas-mileage
and the battery life time, and how much?

A: If the headlights are on, the dashboard lights and the car’s rear lights are on
too. Assume the current drain is 20 amperes, more or less depending on the type
of car. That will be about 240 watt-hours for each hour of driving time. That
energy has to come from somewhere. Your gas-mileage will decrease. How much,
depends mainly on your car.

The effect on battery life should be nil. Two factors most responsible for decreases
in battery life are high temperatures, and frequent deep discharges of the battery.

Hazards

Automotive batteries contain sulfuric acid that can burn skin.
Handling

Handle batteries with acid resistant or leather gloves.

Keep sparks and flames away from batteries and don't smoke nearby.

Never place metal objects on top of the battery because it can cause sparks. Remove
rings, chains, and other metallic items before handling.

Keep batteries right side up.
Carry in a non-metallic, leak proof container.

If battery leaks, neutralize any spilled acid with baking soda or calcium carbonate (lime).
Flush area with water.

If acid comes in contact with skin, flush area with water immediately, and seek medical
attention if burning continues.



Management Options
Do not throw in the trash.
Most automotive battery retailers will accept used batteries when purchasing a new one.
Take to community recycling center, if available.

Take to service station or repair garage that accepts automotive batteries. Many garages,
auto salvage operations, and scrap metal yards will take automotive batteries, provided
they are not broken or leaking. Some will pay approximately $1 each. Consult Recycling
Services Directory for closest locations.

Most household hazardous waste events accept automotive batteries

Dead Batteries

It iseasy toidentify a dead battery of an automobile. Just start the engine. If it starts
immediately, the battery isin good health. If it takestime, then the battery isweak. And if
it can not crank the engine, the battery is considered as dead. The battery may be good,
and the alternator may not be working, or thefan belt may beloose. In that case, you can
remove the battery from the vehicle, put it on a battery charger and get it charged. If the
conditions do not improve, then the battery must be discarded. Many times a vehicle
battery failsall of a sudden without a warning and the owner is subjected to alot of
inconvenience, and sometimes embarrassment.

The stationery and traction batteries normally do not fail suddenly asin the case of
automobile batteries. They gradually become weaker and weaker with the passage of time.
Their working time kegps on diminishing and the charging time kegpson increasing. At a
certain stage, the batteries are so weak that they work only for a short duration, and hasto
be discar ded.

It isvery difficult for the owner of a three whedersin Bombay suburbsto know when his
battery hasfailed ! Thereason isthat the battery isused only for lighting purpose and the
electric bulbs keep glowing even at 9 volts.

Thereason for a battery becoming weak is sulfation. During the lifetime of the battery, the
sulphates from the sulphuric acid keep on accumulating on the battery plates, thus
lowering the specific gravity of the electrolyte. When a weak or dead battery is subjected to
pulse treatment, usually the battery responds well, and the specific gravity shows
improvements.

The automobile battery plates are made porousin order toincreasethe surface area. If the
plates of a heavily sulfated automobile battery stay corroded for along time, the plates can
be damaged or even ruined. The most protective and efficient way isto put a EuroPUL SE
unit on a battery before the lead sulfate has made any damageto the plates. EuroPUL SE
unit isprimarily designed to be a maintenance device. But it has proven to beavery
efficient tool for removing lead sulfatesfrom old batteries and even restoring most of them
back to an extended lifetime.



Special care should be taken when reviving a dead or very weak battery. First the battery
should be charged for a few hourswithout EuroPUL SE. If the battery isnot taking a
charging current, high voltage can be applied for a short duration. This helpsthe current
to gart flowing. Oncethe current sabilises, the Eur oPUL SE unit can be put into action.
The charging current should be kept at low.

Special attention should be paid for any risein thetemperature. If the battery becomes hot,
the charging should be discontinued and battery should be allowed to cool down. After
charging the battery should betested for load and again it should be char ged.

Isit truethat refrigerating batteries will extend shelf life? If so, why does a cold car battery
cause slower starts? The answer will help me sleep better. — Kevin C., Alexandria, Virginia

Whatever it takes, dude. Refrigerating batteries extends shelf life because batteries
produce eectricity through a chemical reaction. Heat speeds up any reaction, while cold
dowsit down. Freeze your [car battery] and you'll extend itslife because the juice won't
leak away—»but it'll also makethose voltsa littletough to useright away. That accountsfor
the belief occasionally voiced by mechanicsthat if a battery isleft on the garagefloor for an
extended period, the concrete will " suck out the electricity.” It does nothing of the kind,
but a cold floor will substantially reduce a battery's output. The cure: warm it up first.

Charging Lead-Acid Batteries

Constant potential charging, with current limiting, isusually recommended for sealed lead-
acid cells. Due to the doping voltage profile of a lead-acid battery, the voltage of the battery
isardiableindicator of its state of charge. Current limiting may be accomplished through
the use of a current-limiting resistor. One manufacturer uses a miniature light bulb asa
current-limiting resistor. The brightness of the bulb will provide a visual indication of the
state of charge of the battery. In modern practice, however, current limiting is

accomplished with integrated circuits.

A Glossary of Battery Terms

Ampere-Hour -- One ampere-hour isequal to a current of oneampereflowing for one hour. A unit-
quantity of electricity used asa measure of theamount of electrical chargethat may be obtained
from a storage battery beforeit requiresrecharging.

Ampere-Hour Capacity -- The number of ampere-hourswhich can be delivered by a storage battery
on asingledischarge. The ampere-hour capacity of a battery on dischargeisdetermined by a
number of factors, of which thefollowing arethe most important: final limiting voltage; quantity of
electrolyte; dischargerate; density of electrolyte; design of separators; temperature, age, and life
history of the battery; and number, design, and dimensions of electrodes.

Anode-- Inaprimaryor secondary cell, the metal electrodethat gives up electronsto the load circuit
and dissolvesinto the electrolyte.

Aqueous Batteries-- Batterieswith water-based electrolytes.



Available Capacity -- Thetotal battery capacity, usually expressed in ampere-hoursor milliampere-
hoursthat are availableto perform work. This depends on factor s such asthe endpoint voltage,
quantity and density of electrolyte, temperature, dischargerate, age, and thelife history of the
battery.

Battery -- A devicethat transforms chemical energy into electric energy. Theterm isusually applied
toagroup of two or moreelectric cells connected together electrically. In common usage, theterm
"battery" isalso applied to a single cell, such asa household battery.

Battery Types-- Thereare, in general, two type of batteries: primary batteries, and secondary
storage or accumulator batteries. Primary types, although sometimes consisting of the same active
materials as secondary types, ar e constructed so that only one continuous or inter mittent discharge
can be obtained. Secondary types are constructed so that they may berecharged, following a partial

or complete discharge, by theflow of direct current through them in a direction oppositeto the
current flow on discharge. By rechar ging after discharge, a higher state of oxidation iscreated at the
positive plate or dectrodeand alower state at the negative plate, returning the platesto
approximately their original charged condition.

Battery Capacity -- The electric output of a cell or battery on a servicetest delivered beforethe cell
reaches a specified final electrical condition and may be expressed in amper e-hours, watt-hour s, or
similar units. The capacity in watt-hoursisequal to the capacity in ampere-hoursmultiplied by the
battery voltage.

Battery Charger -- A device capable of supplying electrical energy to a battery.
Battery-Charging Rate -- The current expressed in amperes at which a storage battery is charged.

Battery Voltage, final -- The prescribed lower -limit voltage at which battery dischargeisconsidered
complete. The cutoff or final voltageisusually chosen so that the useful capacity of the battery is
realized. The cutoff voltage varieswith the type of battery, therate of discharge, the temperature,
and thekind of servicein which the battery isused. Theterm " cutoff voltage”" isapplied more
particularly to primary batteries, and " final voltage" to storage batteries. Synonym: Voltage, cutoff.

Ci -- Therated capacity, in ampere-hours, for a specific, constant discharge current (wherei isthe
number of hoursthecell can deliver thiscurrent). For example, the Cs capacity isthe ampere-hours
that can beddivered by acell at constant current in 5 hours. Asa cell's capacity isnot the same at all
rates, Csisusually lessthan Cyg for the samecell.

Capacity -- The quantity of electricity delivered by a battery under specified conditions, usually
expressed in ampere-hours.

Cathode-- In aprimary or secondary cell, the electrode that, in effect, oxidizes the anode or absor bs
the electrons.

Cell -- An dectrochemical device, composed of positive and negative plates, separator, and
electrolyte, which is capable of storing electrical energy. When encased in a container and fitted with
terminals, it isthebasic " building block™ of a battery.

Charge-- Applied to a storage battery, the conversion of electric energy into chemical energy within
thecdl or battery. Thisrestoration of the active materialsis accomplished by maintaining a



unidirectional current in the cell or battery in the opposite direction to that during discharge; a cell
or battery which issaid to be charged isunderstood to befully charged.

ChargeRate-- Thecurrent applied to a secondary cell torestoreits capacity. Thisrateiscommonly

expressed asa multiple of therated capacity of the cell. For example, the C/10 chargerate of a 500
Ah cell isexpressed as,

C/10rate=500Ah/10h=50A.

Charge, state of -- Condition of a cell in terms of the capacity remainingin the cell.

Charging -- The process of supplying electrical energy for conversion to stored chemical energy.

Congtant-Current Charge -- A charging processin which the current of a storage battery is
maintained at a constant value. For sometypes of lead-acid batteriesthis may involve two rates
called the starting and finishing rates.

Congtant-Voltage Charge -- A charging processin which the voltage of a storage battery at the
terminals of the battery isheld at a constant value.

Cycle-- One sequence of charge and discharge. Deep cycling requiresthat all the energy toan end
voltage established for each system bedrained from the cell or battery on each discharge. In shallow
cycling, theenergy ispartially drained on each discharge; i.e., the energy may be any valueup to
50%.

CycleLife-- For secondary rechargeable cellsor batteries, thetotal number of char ge/discharge
cyclesthecell can sustain beforeit becomesinoperative. In practice, end of lifeisusually considered
to bereached when thecell or battery deliver sapproximately 80% of rated ampere-hour capacity.

Depth of Discharge -- Therelative amount of energy withdrawn from a battery reative to how much
could bewithdrawn if the battery wer e dischar ged until exhausted.

Dischar ge -- The conversion of the chemical energy of the battery into electric energy.

Discharge, deep -- Withdrawal of all electrical energy to the end-point voltage beforethe cell or
battery isrecharged.

Dischar ge, high-rate -- Withdrawal of large currentsfor short intervals of time, usually at arate that
would completely dischargeacell or battery in lessthan one hour.

Dischar ge, low-rate -- Withdrawal of small currentsfor long periods of time, usually longer than one
hour.

Drain -- Withdrawal of current from a cdll.



Dry Cell -- A primary cell in which the electrolyteis absorbed in a porous medium, or isotherwise
restrained from flowing. Common practice limitstheterm " dry cell" totheLeclanché cell, which is
the common commer cial type.

Electrochemical Couple-- The system of active materialswithin a cell that provideselectrical energy
storage through an electrochemical reaction.

Electrode-- An electrical conductor through which an electric current entersor leavesa conducting
medium, whether it be an eectrolytic solution, solid, molten mass, gas, or vacuum. For electrolytic
solutions, many solids, and molten masses, an electrodeisan electrical conductor at the surface of
which a change occur sfrom conduction by electronsto conduction by ions. For gasesand vacuum,
the electrodes mer ely serveto conduct electricity to and from the medium.

Electrolyte-- A chemical compound which, when fused or dissolved in certain solvents, usually
water, will conduct an electric current. All electrolytesin thefused state or in solution giveriseto
ionswhich conduct the electric current.

Electropositivity -- The degreeto which an element in a galvanic cell will function asthe positive
element of the cell. An element with alarge electropositivity will oxidize faster than an element with a
smaller electropositivity.

End-of-Dischar ge Voltage -- The voltage of the battery at termination of a dischar ge.

Energy -- Output capability; expressed as capacity timesvoltage, or watt-hours.

Energy Density -- Ratio of cell energy to weight or volume (watt-hours per pound, or watt-hours per
cubicinch).

Float Charging-- Method of recharging in which a secondary cell is continuously connected to a
constant-voltage supply that maintainsthe cell in fully charged condition.

Galvanic Cell -- A combination of electrodes, separ ated by electrolyte, that is capable of producing
electrical energy by electr ochemical action.

Gassing - The evolution of gasfrom oneor both of the electrodesin a cell. Gassing commonly results
from self-discharge or from the electrolysis of water in the electrolyte during charging.

Internal Resistance -- Theresistanceto the flow of an electric current within the cell or battery.

Memory Effect -- A phenomenon in which a cell, operated in successive cyclesto the same, but less
than full, depth of discharge, temporarily losesthe remainder of its capacity at normal voltage levels
(usually appliesonly to Ni-Cd célls).

Negative Terminal -- Theterminal of a battery from which electronsflow in the external cir cuit
when the cell dischar ges.

Nonagueous Batteries-- Cellsthat do not contain water, such asthose with molten salts or organic
electrolytes.



Ohm'sLaw -- Theformulathat describesthe amount of current flowing through acircuit. Voltage =
Current x Resistance.

Open Circuit -- Condition of a battery which isneither on chargenor on discharge (i.e., disconnected
from acircuit).

Open-Circuit Voltage -- The differencein potential between the terminals of a cell when thecircuit is
open (i.e., ano-load condition).

Oxidation -- A chemical reaction that resultsin therelease of electrons by an electrode' s active
material.

Parallel Connection -- The arrangement of cellsin a battery made by connecting all positive
terminalstogether and all negative ter minalstogether, the voltage of the group being only that of one
cell and the current drain through the battery being divided among the several cells. See Series
Connection.

Polarity -- Refersto the chargesresiding at the terminals of a battery.

Positive Terminal -- The terminal of a battery toward which electronsflow through the exter nal
circuit when the cell dischar ges.

Primary Battery -- A battery made up of primary cells. See Primary Cell.

Primary Cell -- A cell designed to produce electric current through an electrochemical reaction that
isnot efficiently reversible. Hencethe cell, when dischar ged, cannot be efficiently rechar ged by an
electric current. Note: When the available energy dropsto zero, the cell isusually discarded. Primary
cellsmay befurther classified by thetypes of electrolyte used.

Rated Capacity -- The number of ampere-hoursa cell can deliver under specific conditions (rate of
discharge, end voltage, temperature); usually the manufacturer'srating.

Rechargeable -- Capable of being recharged; refersto secondary cellsor batteries.

Recombination -- State in which the gasses normally formed within the battery cell duringits
operation, arerecombined to form water.

Reduction -- A chemical processthat resultsin the acceptance of electrons by an electrode' s active
material.

Seal -- The structural part of agalvanic cell that restrictsthe escape of solvent or electrolytefrom the
cell and limitstheingressof air intothecell (theair may dry out the electrolyte or interferewith the
chemical reactions).

Secondary Battery -- A battery made up of secondary cells. See Storage Battery; Storage Cell.

Self Discharge -- Dischar ge that takes place while the battery isin an open-circuit condition.



Separator -- The permeable membranethat allowsthe passage of ions, but preventselectrical contact
between the anode and the cathode.

Series Connection -- The arrangement of cellsin a battery configured by connecting the positive
terminal of each successive cell to the negative terminal of the next adjacent cell sothat their voltages
are cumulative. See Parallel Connection.

Shelf Life-- For adry cell, the period of time (measured from date of manufacture), at a storage
temperature of 21°C (69°F), after which the cell retains a specified per centage (usually 90%) of its
original energy content.

Short-Circuit Current -- That current delivered when a cell isshort-circuited (i.e., the positive and
negativeterminalsaredirectly connected with alow-resistance conductor).

Starting-Lighting-Ignition (SL 1) Battery -- A battery designed to start internal combustion engines
and to power theeectrical systemsin automobileswhen the engineisnot running. SLI1 batteriescan
be used in emergency lighting situations.

Stationary Battery -- A secondary battery designed for usein afixed location.

Storage Battery -- An assembly of identical cellsin which the electrochemical action isreversible so
that the battery may berecharged by passing a current through the cellsin the opposite direction to
that of discharge. While many non-stor age batteries have areversible process, only thosethat are
economically rechargeable ar e classified as stor age batteries. Synonym: Accumulator ; Secondary
Battery. See Secondary Cell.

Storage Cell -- An electrolytic cell for the generation of electric energy in which the cell after being
discharged may berestored to a charged condition by an electric current flowing in adirection
opposite the flow of current when the cell dischar ges. Synonym: Secondary Cell. See Storage Battery.

Taper Charge-- A chargeregimedelivering moder ately high-rate charging current when the battery
isat alow state of charge and tapering the current to lower ratesasthe battery becomes morefully
charged.

Terminals-- The partsof a battery to which the external electric circuit is connected.

Thermal Runaway -- A condition wher eby a cell on charge or discharge will destroy itsdlf through
internal heat generation caused by high overchargeor high rate of discharge or other abusive
conditions.

Trickle Char ging -- A method of recharging in which a secondary cell iseither continuously or
intermittently connected to a constant-current supply that maintainsthe cell in fully charged
condition.

Vent -- A normally sealed mechanism that allowsfor the controlled escape of gasesfrom within a
cell.

Voltage, cutoff -- Voltage at the end of useful dischar ge. (See Voltage, end-point.)



Voltage, end-point -- Cell voltage below which the connected equipment will not operate or below
which operation isnot recommended.

Voltage, nominal -- Voltage of afully charged cell when delivering rated current.

Wet Cell -- A cdll, the electrolyte of which isin liquid form and freeto flow and move

The common automobile batteries in which the electrodes are grids of metallic lead
containing lead oxides that change in composition during charging and discharging. The
electrolyte generally is dilute sulfuric acid.

Even after over 100 years, the Lead-Acid battery is still the battery of choice for 99%
of solar and backup power systems. With the better availability and afffordability of deep-
cycle batteries, we feel that there is little reason to use any other type (FOR NOW!).



