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LEAD INDUSTRIES ASSOCIATION

€0 KASY 42%0 STRELT
NEW YORK 17, K. Y.

S'BJECT: DEVEICHMENTS IX
STCIAGE BATTERIES

To Hebers of the Lead Industries Asaocistiont
We believe that post of the machbers will be interested in

the attached paper wh'ch describes developments in lead-acid storage
batteries in recent yesars., It appears effectively to answer occasional
critician leveled 2t the battery industry by pointing out the really
irportant improvecents in batteries which have been accomplished by
battery manufacturers and their evppliers,

' Additionsl copies are available as long as our supply
lasts.

Very truly yours,

XA R~
Secretary, !
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. ' DEVELOPENTS IN STORAGE R\TTERIES#
By
Q H. D, ¥ilsca

Ford Noter Coupary

The lcad-acid storago battery has becn the subject of continuing techmical
developuent, There is acarcely any cooperent part that has not recently been inmprove
ed by this evolutionary process, Fesr people have been aware of this sincs a bel.ery
is difficult to glanorise, It atill reaains ths silent black box, myesterious »nd
upredictable,

¥hereas other couponents of the car are sald to ™resr-ont™, the biitery is
elweys referred to ag having "failed“, Unfortunately, no one has developed a ratis=
factcry device to vern the driver of the inpending cxhaustion of the storage battery
80 that when it has faithfully delivured {ts last watt-secrad of enerygy, the owmer
regards it as a sort cf betroyal and nentally holds to the fecling that the manufage
turer is entirely respensible, He forgets that the battery is not the true source
of electrical energy on the car, but that the grnorater is and that the tattsry only
store3 a part of the cnerygy which has been given to it and, being an elactromschenie
cal device, will slowly lose that ovur & pericd of tine,

The battery's quiot fcithfulness and 1ts willingness to deliver its power
until exhausted is thereforo both its strength and its vweakness, The electrical coe
gineers regard the battcry as en cutlowr in the electrical systen Lecause it is sensi-
tive to tanperature changes ani {ts vcltege varias over a wide rangs when on charge
and discharge, They have learnmed to live with it azazingly well, however, and it
seldm foils then,

The battery industry and its suppliwrs have spent, and are yet coxxdtted
to spend, =f{llfons cf dollars to cnoble the lcwd-acid battery to neet the new de=-
zands whizsh are constantly being ..ade upon it ‘or greater wattags output per pound
of weight, for greator reliability over a wider tcaperature rernge and for greater
service per dollar of c~st, Hnd this develejment effort not succecded, our tate
terias would b2 five tines a3 large, five tizes as heavy and cost four tices as
mach as they de teday,

12-V¢lt Batterics

The recent shift fraa 6 ¢5 12 wolt electrical systocs has had u tremendous
irpact on the battery industry, It has brought into teing, 15 new SAE battery group
sizes with capacity ratings ranging frea LS L0 70 expore-hours in § agpere-hour ine
crements, with frur different terminal arrangonents,

The autcnctive body enginecers have found it necessary, becsuse of astyling
danands, increases in engino sizos, and the installation under the hood of power
brake, air cenditioning and other contrel equipont, to specify batteries of & vue
riuty of configurations cnd terninal locations, So, that instead of 6 batteries or
loss, which might have bcon nade to cover tho industry's requirunonts, we already
have 15 with prcbably nrv to acoo, This is quite understondable froo the vievpoint
of the autonotive enginowi, tut 1t hus placed a hoavy burdon cn the battery canufage

«Progented at tho Socioty c¢f Luteqctivoe Englnoers, Ins,,
Naticnal Passcnger Car, Body and Matardals lleeting,
Detroit, ichigan, ilarch S=7, 1957
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Developments in Stornge Battcries 2= H, D, Wilson

turers and will place a hoavy burdsn on all battery nerchandiiers of replacsnent
battcries who wust now add to their stocks the new 12-volt sizes in addition to the
long list of &-volt sitzcs accwaulated over the yoars,

rnis situction of increzscd bottery inventory oo o uultiplicity of types,
pery of which are elct noving, has enphasized the need for a battory censtructica
which cun be stored fcr long periods of time vithout deterioration, Such a battery
i{s known as a "Dry-charced™ battery., The industry has built such o battery for
rmilitary vehicle epplications for zany yecrs but it was ccnsidered too costly for
ceneral eutomctive use or replaccaent sale,

Dry-Chiarged Battorios

The dry~charged construction requires that the battery plates be electro-
foroed in sulfuric acid, then water-washod and dried, The negative platcs nust be
dried in such a way that the water be withdrarm fran the spengy lcad of the plates
rithout exposing them for any opprecioble time to tho cxygem cf the air, Oxygen
conbines rapidly with ncist spengs lcad and thls oxidation, with great evolution of
heat energy, results in the tetal loss of the chemical charge in the plates, The
vithdrawal of moisture frou the ncgative plates nust thorefore be accomplished ty
the use cf vacuun driers, or by noons of ovons with controllod inert gas atnospheres,
Fositivo plates pay be dried in atc=ospheric air ovens at controlled temperature
below 250° F, The bono~dry platus zmust then b6 asseabled with bone-dry soparators.

Weod vencer scparators, chenically treaved to renove the resins, were forme
crly the stendard of the industry, FPort Crford Cedar and Douglas Fir specics of
wood were once universally used in tha scparators for wet battery casstructiom but
these could not be dricd for usc in dry=charged batterics because thoy would shrink
and crack, The only scparztcr aveilable for dry—charped construction was, for many
years, tho very satisfastory but exponsive porous rubber type,

Flestic Separators

During World War II, the scarcity of naturel rubber stimulated roscarch to
perfect a plnstic oquivalent of tha perous rubber separator, The resulting bene-dry
plastic scparators, aftcr o long period of developont and a heavy iavestnont in au-
tonatie processing oquipacnt, have now dbecome coamcercially plentiful at a competitivo
price with woocd end have practically coepletely replaced weod as a separator materisl,
Those plastic soparators are nade of o shect of fclted ccllulose fibers inmpregnatod
with acid-resiating, theruo-sotting phcnelic resins, Thds saturated and partially
dricd wcb {8 thon cnbesscd with ribbing on one face and is hecatecurod into sed~rigid
shocts which nro cut to scparator eizo, In sonc cssos the ribs alono, nr the entire
ribbed face of tho scparator, which nust rust in contact wita tho corrosive positive
plate, is coatcd with additienal reinforcing and protective rosin,

Tho scoparaters aro clso inpregnntud with an organie chemdcal wotting agoat
to facilitato repld penctraticn of thoe acid into, and the displacunent of cir from,
the pores of thoc soparator when the battery is converted fraz the dry to tho wet
state, This nakos possible the inmstant activetden of the dry—charged battery upon
the addition of acidq,

Compared to wood, the plastio separators arc oore porous, have a lover
ohute rusistanco, and are oore acid-and oxidaticn-resistent, They are clso rore une
ifora in texturo then weod, A1) this adds up to better cold tempraturo cranking ae
bility and highar hoat resistansge for the battordes, whoether wet or dry~charged,

L4

St o Antencie o R TET D T TP Ve



i ae

e

Dfile e d

A-yrfvﬂv aSdhiad s Soa et ale s i) Lig)

VT IETPTy

adanams g 4

L2tk b il

Developments 4in Storaze Batteries -3 8, D, Villson

The plastic separators are scactines provided with resin-bonded plass fi-
ber nate adhered to their ribbed faces to help prevent the lead dicxdde active rato=
rial of the positive plates fron shedding away fron the plate and becoring detached
and inactive,

Ancther type of separator vhich has had successful developent, consizts
of & thin sheet cf diatomaceous earth bonded wlth rubber latex and lazinated with
a pat of glass fibers,

Batteries constructed with the new types of plastic separetors have been
in large scale prcductien for sufficlent tine now to dencastrate their suporiority
and their versatility in both wet and dry battexry construction,

After assenbly, dry-charged batteries nust be protected froa the cntrance
of noisture since noisture catalyzes the oxidaticn of the sponze lead an the negative
plates with resulting loss of charge, Tocoporary vent plug seals are therefore used
to keop noisture out of the cells so as to prolong the retention of charpe,

In ths dry—charging process, battery plates will retain about $0% of their
rated 20-hour discharge capacity. During prolonged storage they cay slowly lose
scne ¢f their charge, depending upon conditions of storage, Under conditions
encountered in normal distribution, a relatively dry stnosphere and an even tecper=
ature are conducive to good charge retention,

lieid Rlectrolyte Supply

The dry-charged battery requires that & supply of very pure battery--Tads
sulfurlc acid elccirolyte of accurate specific gravity be availatle at the tice tho
tattery is nade wet, This has led to the develeirent of insenioua plastic containers
and unit packages of suifuric acid electrolyte for filling the dry batieries at the
tine of sale, This is, of course, not witheut its penalty of extra cest, The cone
venience of not having % maintain wet batteries in & charged conditon seens to war=
rent the expensc, howover, as Judgod by the growing vopularity of the dry-—charged.
constructaen,

The Questicn of how long dry-charged tattcr.es nay be stored is often
asked tut is difficult to ansser vith certainty, It will ¢upend cn the origzinal
processing of the plates, the care used to insure drynoss of geparaters and plates
in asseahly and will cepend upcn the aabicnt atnmesphere provided for storsge, Slow
loss of charge of tho nepative platos is the principal detcrioration likely to occur,
but 4€ 1t shculd occur this will not reduce tho battery's Life expoctancy after it
is rade wet but will affcct cnly the initial capacity obteiaable from the battery
when it 48 filled with acid, Dry—hargoed batteries stored under optinun conditicns
have been known to rctain & high percentage of their charge for several ycars, FHoo=
ever, it is not safe to depond upon this,

\hen maldng the dry—charged battory wet, thero are sovoral important
conditions which should be ecbsorved, First, both bottery end acid should bo ebove
60SF whon combined, Tablo I shows the typlcal cffect of coabining tenperature on
the diacharge porfomence of a 6-volt, 100 A H, battery st 300 amporos to 3-volts,
15 ninutes aftcr the tattery is fillud with acid, Thie stmulatos tho conditon cXe
poriunced at the point of sale vhon & dry—chargod battery i3 "broucht to lifo® by
the additinn of acid to tho ecalls,

Takdag the perforuance at the 070 P coubining tocporatuce sa 100%, wo zes
that tho rolativo perforcance at the lowor tomperaturcs to bs as indicated,
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Develepments in Storage Battories -4 - H. D, Wlscn

e TAELE I
Effect of Filling Tompcroturc on Porformanco of Dry—chargud Batterioa

— -
Tonperature of ,
Battery and /cid Relative Performance ¥hen Discharged at 300 Lnperes |
¥hen Coabdned to 3-Volts, 15 Unutcs iftor Fillirg, ‘

S-Sec. Volts | % of 80°F | linutes % of 80°F |

Performance § Capacity Per formanoce

—

! 8o°r L.9 Volts 2008 L.75 1mn, 1008

| soor L.65 9% 3.2 & !
30°7 L.b | 90 i 2,1 L
0°F g 3.5 ‘ n RN 8.4

4 J y 3]

It wvill be ncted that very useful capocity 43 cbtainod when both battery
and acid are at 80P P when cocbined, At lower temperatures the S-sceend onginew
crenking voltege is not tec adverscly affected until temperatures below 50° F ere

a reached, but capacity falls cff rapidly below BOCP,

A now dry—charged baticry, activated et tha 8G° P tenperaturo sicply by
filling 4t with acid of preper specific gravity, will usually crank en cn_ine at
tezpuratures above freczing, Hnovever, it has been found that as dry—charged bate
tories stand in steock under a varisty cf uncentrellod atucspheric conditicns, they
m2y net all respord in tho sare way when filled with aeid, It has becn found by ox-
pericnce that the activaticn of batteries of any ajc can be creatly acccleratoed, the
1ritial perfomnnco subst-ntizlly increcascd and the subsoquont charge acceptance on
the vehicle izproved, 4f = short 2ctivction chorge is Hwin the battory ot 2 25 cne
pera rate for 12-velt batterics or ot o 50 azpers rote for G-volt batterics, For
vxanple, the effoct ¢f such ~ 19 —inute nctivotion charge on the initial high-rate
discharpe Seaccond voltage cnd capacity of 3 100 a.H., 6-volt dottery 4s shown in
Toole IT.

T.BLE IT
Effoct of 10 ‘tinute Lctivetien Charge at 50 Jzyporcs on Forfermance

of &=Velt, 100 L. H, Dry=chargoed Bottorios Filled at Various
Tonperatures and discharped ot 300 Juypcros to 3-Volts

Terporature of Parforn~nce 15 linutes Jifter Filling, Including Charging
Battory and lcid 10 inutes at 50 /nmpores
Thon Conbin
°n Coabined € 5econd Volta : Tinutes Copacity to J-volts
% : Ttheat 3 10 Mthalo : £ [VItEmt 3 I0 [ Vith & 10 RIK
: Ynuta Charje |Mn, CharpoiGein |1Unute Chargo |lin, Charpe ! Gain
80° I L9 i LS L] LS 5.5 165 .
00 F RS L.y 5 3.2 5.0 56
xor oLl L.9 1 2.1 L.65 122 -
0> F N L5 28 1 o 3.25 713
' o
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It will bo noted that very substantial gains in capacity are obtained at
tezperatures of SOCF and below by the 10 inute activation charge,

If the cells of corractly processed dry-charped batteries werc hermeticsl-
1y scaled and molsture kept out, their chargo oculd be retained indefinitely, This
could ba acconplished at conparatively 1ittle cost by rToper design of cover and
vent,

Pulse-Chargzing of Tet Batteries

ttuch of the popularity of the dry—charged battery stens frog the difficul-
ty of naintaining wet batteries in a charged condition, In addition to the periodic
low-rate charging and the continuous trickle charging nmethods cuomonly used, a rvcent
attenpt to overcons this loss of chorge has resulted in the develoment of & =ystem
of "pilse~charging® which, by moans of an electric pregran clock, automatically cone
nects a lowarato chargur to the wet btatterics, one ot & tice, for {ntemittent charge
ing, This systcy meinteins the batterios in & fully charged condition without
subjecting then to excessive owercharging which is known to be detrinental to posi-
tive grids,

Thersas the trend has bcen strongly tmmard the dry—charged battsry for do-
ncstic replacenent and expert batteries, there aro those in the Lndustry who believe
that the lcss of charge, in wet-charged batteries, can be roduced to & point where
there would bo less reed fcr the aore cxpensive dry-charged battery writh its sepe-
rately packaged acid,

ttich of the loss of charge in a vet—chorped battery is attridbutadle to the
antizeny which dissolvos froa tha pesltivae grids during the electroforcaticn process
of plate munufacture, The antineny transfers clcectrolytically to tho negative plates
vtere 4t sets up a lccal sclfedischarge of the rlates, /n 2lloy less likely to re=
lease antinony in hamful asounts would deercass the self-discharge on standing,
luch research has resulted froo this conceot ¢f inprovenent of charge retention by
inproving the corrosion risistance of thy positive grid notal,

This leeds us to encther doportont doveloment in battery construction,
the uso of corrosicn-resistant clloys 4n the positirs plate grids,

Corrosion Rosistant Grid /llrys

The positivo plate grids suuport 4ho churdenlly active and corrosive lead
dioxide, FWhenevor tho battery is crarpod, high concentrations of sulfuric acid are
forced st thess eloctrodos and nascent oxygen is alse guncroted there from the de=
conposition of wator by eloctrolysls, This (s an unvirommont extrcnely conduchve
to oxidetion and corresion of tha pnsitive (rid wires,

Surveys vhich have boon nade of battorics after fallure {n sorvice bavo
indicated positive plato grid corresion 23 A dminent factor in the termination of
battery life, This has bcen the subject of consideradlo research cver the yoars and
there have oono into ure teday scveral allcys of basic antineny-lead-tin eomposition
te which other alliying elonents haww beun odded, These addud clemnts inpart nark-
ed corrosicn sesistanco to tho grids vhen audbjocted to uxgessive charging, Tvo ade
ditienrl olenents found to bo highly cffectivy arv aracnio or silver when usod alems,
or in cochination vith tho basle untiarny-load-tin allcy, Tolluriun in conbinction
vith silvor is also offoctivo with tho basie allcy,

i
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Developunts in Stcrage Dotterics b - H, D, Wilscn

The 5B Overcharge Test 48 a tost which has beon dovised to provide &
peasurs of tho ability of a battoery's positive plate grids to withstand exccasive
charging. Un this tcst, battcrios constructed with the new corrosion-resistont ale
1cys may show nore than a 1005 improvement in rcoisting tho ccrrosive cffects of
overcharging., lMhercas battceries ncmally cpurate under conditicns whore tho volt-
age regulator pretects tho battery fron excessive overcharge, the presence of one
cf theso ccrrosion resistant alleys in the positive grids provides an added noasure
of protecticn in the ovent ¢f fallure or maladjustacnt cf tho repulator,

It also affcrds a measure of protecticn against overcharge in tha ovont a
battory should bocormo cverhcated end its ocuntor—clectronctive force falls off to a
walue where it could not actuate tho voltage regulator to gain the protectican against
overcharging which the regulatcr weuld crdinarily provide,

Battorics containing the corrrsicn-rcsistant grid mctal in the positive
plates do not cxhibit an spprvciablu incroasc in cycle life when tested by the SR
Cycle Life Test sincc this cycling test 4s ncro of a tost of plate active ratorials
than of grids, N

Those corrosicn resistant alleys ususlly cuploy a reduced percentege of
antinony in the bosic notzl which results in a lower rote of contineny transfer from
pesitive to nozetive plates, This has the bencficial effuct of redacing solf—<lis=-
charce and capecity less on stinding on open circult resulting in less sulfation end
better shelf-lifo, This developeent tends to 1dnirisze tha foruer disadventago of
the wet buttcry when stered for prolonged periods,

These alleys have onnbled battery manufacturers to reduco the number end
eress scetion ¢f Lrid wiras resulting in o substantial grid veight and cost reduce
tion and a &1l increaso in velune cf platc active materiale, :

Flato Posting ifachines

auteactic plate pesting nachines hove been developed which are capable of
applying active .ateriel pastes to the grids to o thickness grector than the zrid
thickness, This pcrrits the use of crids cs auch &3 10 to 15X thinner than tho doe
sircd overall thickness ef thu pasted plate, This resulting increascd ratio of zo=
tive raterial welpht to 1ts supperting crid perdts an increase in battory capacity
and performance as woll as the eccneny resulting froa tho use of lightor weight ale
loy erida,

Plate Jctive dNntericls

Battory plato activo matoriels hawe been ths subjuct of a great doal of
roscarch, Such noterials are cssentially cixturcs of lead vxddes end sulfurde acid,
in pestos of controlled densitics, and arv applicd to the opun nosh of cast alloy
grids, Tho platcs arc thun driod undur carofully centrolled conditiens of hunidity
and temperaturs ac as to ncintain the dosired peresity of postes and to forc a wolle
ceacntod structure of the txide material for pood retenticn 4ia tho ¢rid mosa during
conufacture and scrvice life,

The pastea for tho pesitive and negativa plata are of difforont conposie
tion and donsity but consist basically of particlly sulfeted lcad oxtde, oftcn as-
acciated with substantiol parecntages of fros lead, Rod load, a higher oxddztien
fcrm ¢f load oxtido, 48 smotines uscd Ln the prsitive plates to holy spocd the
clectrefemaotien,

.
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Dovelcprents in Sterace Battorics -l= H, D, Wilsca

Collulcse fidbers are often blended vith the oxides t¢ form a roinfercoment
e¢f the pastes when driod, and tc prevent dislrdgmont of tho dried pastes during
handling in manufecture,

Organice cempeunds cf lignin, together with bariun sulfate and carben blesk
are usually included with tho pastus for the negativo plates, These rmacerials, calle
od "expanders®, are nct Meoxtendurs” or ®fillers" but cre usod te provent tho spenge
locd frem gradually centreeting and reverting tc o densor, less porous materiel
with attendant less of erld discharge capacity curing service lifo, The ligin
ccmpeunds i=part te the nogativo plates, a grecatly inpreoved parfemanco ¢t lox
tomperaturos and high ratus of discharye which gives t¢ tho batterios groetly
irpreved ¢eld crenidng etdlity, Hewever, theso crganie expanders alsc causzs the
battery to have o higher ccunter clectromuctive frrce (C,E.U.F.) tr opposing voltage
when thcy aro cherged, Ttds is a disadwventage in ccld weather since a battory's
oppcsing voltago stoadily inervescs cs it beernes celdor, In fact, the voltago oan
rise sc high that tho goncrater's available veltzage 4s so liited by the woltage
regulater that lttle, if ary, current can be ferccd through the battery to cherge
it,

Control cf Charce Veltage

To cveremo this disadvantage, nickol salts in =xll ancunts can bo addod
te tho negative pastes, The nickel 4icn has a dopressant effect on tho charpe volt-
ego ¢f the negcative plates, clleming the hattory te accopt a higher charpe, at low
tenperatures, thin weuld ctherise bo the caso. & sindler, and odditive effoct 22n
alsc be cbtained by the use cf a ccbolt salt in the positive plates whaore the cobelt
icn has a depressing effoet en tho charpge veltage, The ccbelt icm, hewover, is
hichly exidizing to we~d scporatera s~ 4t nust be usad, 4f usod 2t 211, with tho msre
exidatien-rosistent plostic er rubber separcters, when cobalt salts e uscd, 3 cone
sidorzblo peasurc ¢f crrresicn resistence to cvurcharpe 4s alsc sald to bo imparted
to positive grids,

The chorgo-velteone of battarics and the ecld weather charge a2sceptance of
batteries has becen tho subject rf & (reat de2l cf rcsearch, It i of _rect impore
tance tc tho ~utenctive electrical engincer end is now & projuct for study ty the
S/E Steraye Buttory Subccrmiitos,

Battury charge—vrltago 48 affocted by a nusbor of facters suck as charge
rate, state cf chorpe, plato arce, density cf separaters, clectrelyto temperaturs,
type of cxpander in nejative plates, prosence of metallic additives and cacunt of
antinony transferrud frem tho pesitive to tho no_itive plates,

Sinso the buttcry ropulatos tho charging systen by its chenges 4n countore
vrltapo, it 48 importint to B¢ colo to determine thu charge sharacteristic of tho
battory and 4f possible centrol it to dosired valucs, This is dosirable for several
roasonst } ’

1, Te poruit botter rogulsti~n of system veltage,

2, Tc¢ cocpercte with puncrators of increasing output,

J. To icprovo battory charge acceptmeo in ocld woather,

L, Te provont battary dama whun batterics becone cverhoated from
ary cause,
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Develoments in Stcrave Batteries -l - H, D, Wilscn

The trond to the usa of encinos of hi_her hersopower with hi hor coapres-
sion ratios has plzcod a groator donand on the battery for increcsed ¢ranking power,
This cemand is boing partially mct by buildins the battery elecents with a groater
nunber of thinnor plates to provide creater plate area and better access of eloctro-
lyte te¢ tha available active naterials fer better naintonanco ¢f voltags during dise-
cnorge ot hizh rctos, FPlatcs as thin as 0,060 in, have provod to be quite satisfac-
tory in passonger eor sorvice and have becn in use in aircraft and ordnanco botterios
for tacticel vihicles fcr a number cf years,

S/2 standards for 12-vclt battories cf less then 80 /.H. capcoity, have
been based en tho discharse perfermance et 150 a=percs at OFF to 6-volts tormined
voltzre, Thervas the 150 arpere dischorge roto 48 a satisfactery basis fer compare-
tive 12-volt bottery retings, it is nct & rcalistic basis for sulecticn of a batw
tery for a now engine, MNost car panufacturers cre intercstod in the battery per-
formznce at temporaturcs lower than 0° F and nost cxperibental ecld starting werk
is dene at =20°F, .t such a lew teuperature, the power requiracents for tho newer
high conpressicn en_incs greatly incrcase so thot discharce ratcs in the range of
300 to 6M0 amperes are frequently oxporicncud with the 12-volt batteries of lesa
than 80 A.H, ccpacity, Under such cenditicns, data on the battery veltage 10-sec-
cnds eftor the styrt of discharyo is preferred rather than the cenventicnal S-
secend veltaco roting, as an dindication of eveileble battury power, in cnd-point
of .0 vclts instcad of 6,0 vclts is used in detcrmining capacity at -2097,

It is cbvicus, with larcor ongines and the additions of cther cdded olece
tricelly cpercted oquimont and powos assists, that battceries, starting noters ed
gencrators cay havo to beecnme luwgsrs It will be cspeciclly dmpertant te previde
gencraters with lewmer cut-in speeds to nake better use of the available driving
tina to maintin the battcry charge, espceially in netropolitan arcas whers troffis
is slcwed apnd stops ars froquent, During such stops, with autonatic transcissicns,
the lew cngine 4dlo spced 48 cften not hizh cnculh to bring the generater weltaras
up to chorging woltaro end this allows the battcry to be discharged by @ Mgh cone
nected load, Unless pcrnerztor speod 4s mainteined to correspend to a driving speed
of abeut 18 miles cn hour or beiter, the battery can gradually be discharpud if
lichts, hoater, rcdio and stop lights ars cpercting, Such cennccted loads will
discharge the battery to a grodter extent thun erankinz the cngine, For cxonopls,
en en-ine atart at 360 mpurus fer 5§ sceonds vill consune only 1/2 anpere~hcur bat-
tory capacity, but a cenncetod leoad of 30 ¢ purcs ct traffic 1iphts will censwe
this copere~hour battory capacity in only 60 sceents, Unless driving tine is suf-
ficient to cvorcemo thise capecity lesses, a dischar;ed battery nay result,

Battery Containors

Centainers have, fer nmony yeers, boen nnlded eithir of hard rubber rr td-
tunincus base conpesiticn, These materials served the industry rulatively woll, es-
pocially the hard rubber, Heowewvor, os with nost aclded products, piastics bezen to
ncke inrcads n thess natericls and now typos of matorials have eppuarvd &n containe
ors cade of rubbor and rosin dblonds cnd of modifivd pelystyreno, Tho walls cnd pare
titions of such ocontaincre can be nadu thinner vhich nokoe pessible in the sccze over=
tl) dimension a hi_her internal wluma for groater olemunt capacity or acid volwne,
Or, 4t nakos possidle a snallur ovorall woluno ond weight for a fixed eloment sise,

This <ivas tho battery enyinowr a du rcu of frcodam which alds in dosien
for hicher parcr-teareirht ratics and [ruater ccopiotness for the already crowded
wndar-the-heed locations,

(A domaa s s e Baod v e o aied oo aras o
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Host betteries aro linited in ampurv=hour capacity by tho amcunt of oloo=
trolyte which can be contained in then, The battery cngincer can thorefcra either
take advantage of the cxtra acid vrlune nade available, Ly tho thinaer wall cone
tadinors which cnables the amperc=hcur capacity to bo increased or, he can roduce
tho specifie gravity of the clectrolyte and kucp the ampere~hcur rating; the sane,
In the caso of overchorped batteries and high oporating tenperatures, the xilder
stroncth of acid is scmewhat loss detrinuntal to the battcry!s conpenent parts,

Cover Constructions

Covor desi ns for tho new 12«volt battories arse of the individual coll,
lead-bushing post seal type, To rininize beottery top corrosicn and clectricd
leckage, &8 well sherten the electrical eircuit, ccll connecters are lowcrod and
cnbedded in sorling caapeund,

The coll dincnsicns of the 12-volt batieries sre ac suall that tho solf-
levelling £11lin; devices developed for contrelling water lovels of 6—volt battaries
cznnot readily be cpleyed in the 12-velt ccnstructions, No actisfactery 12-volt
equivclents havo yot ada their aoppearance, There is littlo noed for theso where
water levels can bo obsarved while £illing,

Bettery Sealinz Conpourds

Battery seoling materials have bteen inpreved, Bitunincus-base scrling
ccopeunds have lon: been used to ncke acid-ti-ht the space betmsen the centainer
a211ls and tho individul flanged coll cewers, This acid-resisting moterdial hes
teen improved in quality se os to retzin its cchesive ond echisiw prepertics cver
a wide range cf tuperctures witheut flewdng at high twaperature ar cracking at
low teoperaturcs, Such inmproved ostorials enn bettor withstand prolenscd heating
in producticn dispensing oquipaent witheut detoricraticn of physienl prepertics,
or clegidng the supply lincs 4n producticn,

Ono-Piece Cover Constructicns

Somo predun types of 6-velt roplacencnt batteries have boun cffered with
cne-plcco covers senled ith pormonent cooent, Theso present a sacoth tep 2ppeare-
anze wilch i3 eusily cloznod of 2cid spray, The cuacnts moy be of tha sclvent type
in the casc ¢f polystyreno eovers miid containers, or in tho chse of rubber cevers
sealed to rubber eontainers cno of the hentecurcd ezsting=type rvsins or opexy bose
resins with hardencrs uoy be used, Such cenented covers cannct te removed which
provents any atteopt at battery repadr dbut doos puarcnteo @ leck-proof so-l undar

cenditions of orxtreacly ruzicd sarvice,

Extra Flectrolyte Censtructicns

In cany G=volt battcries cf premiun grade, where sliphtly addition2l bate
tery hoight ond cost eon bo tolorated, oxtro wator spaco has boon previdod cbeve tha
olocents te reduco tho froqueney of adding water to colls, Under nommal gorvico cone
diticns wataer nood bo 2ddod to such battorius cnly two or throo tinas a yusr,

Vent Plugs

Tho incru=se frea 6 te 12-vclt batterios mcant increasing the battery solls
fram 3 to 6, This inmposed an oxtra burden in the waturing of such battorics to une
screw and screw bock in plece six wnt plugs, This has buen 2ll.vistoed oa cne car

e yp——"
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manufecturorts botterieos by the uso of soci{-soft rubber vont plugs which ¢an be
quickly snapped cut and in fer a rapid {nspcetion of the liquid lovel of orxch of
tho six cclls, Colerful polystyrcne vent plucs have replaced hard rubbor voruts
in ncst batteries,

Battcry Life Extensicn

Now it oust be epporont that a great de~l of tichrelogieal develoment
end omenufecturing sikdll has becn bullt dinto tho nodorn zutcmctive storage battory,
The scrvico life which is ootained from such a fine preduct is largcly within tho
ocntrol of the car amor,

Battery lifo is lar tly detemined by the amcunt ¢f charypdng tho battery
reccives, Eithcr tco nuch or too 1ittlo chargdng 18 cdetrincntal to battery life,
Isngest 1ifo 4s obtainod vwhen the battery is arintained in tho upper quarter of tho
charged state, and watir conswptien 48 ot a mininun, Excossive neod for mater in
a norral battery is indlective ¢f excussive chorzing ond &3 a4 sins)l to hawvu the
voltzzs reguleter adjusted to 2 lrwer veltoge «ctting, This 4s espocially trus in
cxtreccly warn climctis cr in cnscs - £ drivers running wry hi h wdleao, Factery
scttings of veltoso roulaters aro for driving sonditiens nemally expericncods
Departuro fram this n~ra c2y require indivicdual wiltage regulster scttings to maine
tain charge in extreocly ccld clinctes or prevent cwercharge and cxcessive woter
1lrss in hot eliintos, B-tiery life cfn be greoatly cxtended by clescr zttontien Yy
tho ear ovmur to his weltege rojulater settings ond cbservetien of water conswepticn,

Jutczition in Battery lanufocture

Aleng vith the icpreveacnts in battery conpencnt parts, there has concure
rently becn carried ferwerd 2 prejras of improvenent in canufacturing methods and
mrocuctien equixent resulting in a high degree of autonmaticn,

In e tydeal $-plate, 60 amperc-hcur, 12-velt battery there are 102
fragile plates and separators, the m~runl assecbly of which s consiming of 2uch
later and preductive of beth serap end detorieoratcd plote quality, This situstiom
has becn relicved, costs have been roduced and quality inproved by the appliceticn
<f autcematicn in crne cf the nwvest and lorgest sterae battery plants to be built,

Hero parts are zuteiatienlly ccllated énd welded tosether on a cenveyor of
covins fixtures, Jassenbled cleients cre euteantically clectroformed and washed in &
160 foot lony, conveyorized, procossing niachine, (11 of the elcucnts are next dry-
charged in & continuvous drycr in fnert cas ataosphere, The elcoonts are then insert=
ed in conteincers which are placed on an indexing conveyorn atowe which o variety of
specially devisod werk stations ero nounted under vhich battaries pause for tho ex-
act tine nocded for cach asscirly er clectronle inspection cperaticn, All these sta~
tions are clectrically intcrlecked by 8 mazo of "nenory circuits® which naster-aind
the opcration of tha ontire assendbly precess,

Upcn cntering the continucus flew ernveycr, the unfinishod battory ontors
tha cover alipnment staticn where cell ccvurs arv feod frou overhood supply stations
end plecument is autcoatically checked, From there the battury is moved rapidly
through the remaining 16 werk staticrs, cnorgin: s a cmmpleted, testod battury,

Four of tho staticns are dovetod te autanatie inspacticn proccdurcs, These
choek elootrio rosistance of cclls, tcst for internal shert—circuits, scarch for
acid lcoks and probo for correct cleotrolyte lovul, If a defoct is found at ony of
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the autematie {nspocticn staticns, infemation is Lnstently rvlayed to a "ncncry
circuits® dnm end tho defective or suspucted battery 42 locked cut from all sub=
sequent oporations al<ng the line,

Lfter cover el nacnt i3 checked, lead cell cennceters are cutematically
fused rn, tho positive and ncpative tervinal posts are nclded inte place, tho cnds
of thy pests propurly shaped and the cull cennveter shiclds and turminal pest molds
reacved,

The tops of the battory covers are next pre-heatod to the ceorreet tnporae
ture for best adhcsica ond the scalin: campeund i3 flowod into tho scol chonnols,

at tho next indexed pesition the battery is e~de stompod and dcth tominals
are cocted with ¢ corresicn proventive enzpound,

The nachine provides a statien for filling each battery with sulfurio zaid
clectrelyte 4f wet battoerdces are dusired, Tho clictrolyte level 4s then chocked cue
tcaaticelly,

Tho last stotien en the ecntinucus flew Uine autcastically scrows went
caps into oach ccll ¢cwr,

Battories cove off cnte eonveycrs for padnt high=li hting and then te the
stipping departocnt,

The crntiro plant is sir—crnditicned to & 5C F vhich is rcaintainod with &
700 ten air concdticnin, systaa with on nir capacity of ¢vor a =oillicn cubic feot
per ridnute,

Such advznesd =ctheds frr nonufocturing lead-acid sterape battorics cre
toth a enxllensc and 2 peasswrancu te the ever 200 manufacturcrs of lcad—ceid bate
terics, Such 2n investoont 4s 2 vete of enfi icnce in the Zuture cof the liad-cedd
storege battery a8 a oriforred cloetroechondcn) systen for cutective appliczticns,




