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beginning in 1924 and has served the automotive industry so
comstructively that teday it includes in its active membership
the most important battery manufacturers in the United States,
s well as many others in countrics throughout the world,

The public interest is admirably served by the Association
through the sound policies established by its members, These
policies have encouraged high standards of hattery quality,
have established fair and lawful practices in sales and service
and have fostered improved safeguards for the health and
economic welfare of those engaged in the manufacture of
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tion can therefore be said to be truly representative of the
entire Stornge Battery industry.
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FOREWORD

The Association of American Battery Manufacturers presents this Re-
vised Sixth Edition of the Battery Serviee Manual with consideralile
pride and the hope that it will be useful in solving many of your prob-
lems. 1t represents the best thinking of the most capable engineers in
the battery industry, It is authoritative—it is simple—it is under

sl I'Irrith'l.l‘!.

We are deeply indebted to the Technical Commiltes of our Association,
and particularly those who have undertaken the responsibility for
preparing and revising this Manual 1o keep it abreast of the many
battery improvements and refinements as they develop. They have

performed o tedious, time-consuming task in an outstanding manner.

(ur sincere appreciation is extended to each and every one of these

extremely capable Battery Engineers.

THE ASSOCIATION OF
AMERICAMN BATTERY MAMUFACTURERS, INC
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PART

BATTERY

CONSTRUCTION

LEAD-ACID BATTERY DEFINED

The lead-aciil storapge hattery i3 an elsctro-chemies] devies
for stoping esorgy o chembeal form so that it can be re-
leased ae el=ciricily,

PARTS OF A BATTERY

The pirts of @ Geoall, 120l botters are ilhstrated in Fig |
and ape labeled Tor identileation and reflerence. The "|.=!'
furie acid -r'|-'-':'|l.l|g.ﬂl.‘ is pot shown,

CHEMICALS USED
There are four essealisl chemicals in a |rnt|.:'r:r.

ESSENTIAL WHERE FOUNI
CHEMICALS IN CELLS
Lead Peroxiide Fasitive Plates
Spllurie Avid Electiolvte
Witer Eltrolyte

Lead MNegative Flabes

GRIDS

Thie plotes of a lead-acid storage battery comsist of an elee.
I:I'I.i.'i|5|'. |'-'|r|||l||| NiFE g T i-l I'ru'-'ulq'-w-'ul'k L1 ||'I|I' 'II""":I"?l “{ I|I|III-II il
ithe mciive moterizls are i|H'--r|hl1:|'I-'-| bw slectro-chemical
VAR R Thane 'y iels setye Qo combiel the current o arul
Frr“-m the octive malerlals of the poditive and negative plates.
K allsy eohersiing sasentinlly af lead snd antimony = gsd
far the grids. The antimony stiffrns and strengthens the soft
lesd, The presence of anfimony also facililates casting the
fine detatl of the wine stractane of the grids and enables the
battery wreight to be ke te o minimom. Seo Fig. 2,

Fig. 2—Positive plate with part of active meoterial
removed to show grid structure,

POSITIVE PLATES

Positive plates aee hAlled witl lead peroxide active material,
Til'ig. = o |_!.1|:';'|; Irfomm _-I,lili:||' imaiet ||.| “h:l I‘I oo s sl i'l!
very simall gralns or particles, disposed 20 s to provide a
high degree of porosity in order o allow the electralyie by
I_H_'|'.|'|:.||.|' ihe qr}.l'!l i-H'l'IE. e Elﬁ r'
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Fig. 3—MNegative Plate.

NEGATIVE PLATES ¢

Megative plates, Fig. 3, are Olksl with & porous manss of
lead, in ROy farm, which electrolyle can ponelrai l'wi'l:u.
Thee aclive material alss contains s called "l."'l:pb.l'll]tl::_ if-
chideal 10 prevent the sponge lead from contracting amd
reverting 1o the dense Heackive stake ||I]IH‘:E' the I.ik‘ of the
El.ﬂl-’r}'.

I

Fig. d—Vorigos Typai of Saperaters (1] Ben impragnated Calu-
lese Flbor Saparator with Plastly Ribe. (2] and (1] Resin Impreg-
noted Tibar Separaters, with and withowt Fibasr-Glags Rotmlmor
Mati; (4] Mitreparows Rubber S3aparaier. {5 Mivreporsus Bebbar
Saparatar with Plowibs Rl (&) Piber-0lass Mol Sepnmorior with
Mitrepareus Borking Attached.



SEPARATORS

No pﬁ‘liliﬂ' plnle may tiuch = ||rﬁ,as|:ivn Fllh: or el all the
plotes in the cell will lose wir stored EHOrgy. Thin shsete
of non-conducting porsus imalerial called soparators, Fig.
4, muist theralors e lnseried hetwoen (he Fl‘llﬂ. These in-
cliste: wesien impreginaiel cellulose Bler vpes, also micro-
perdas rubbier and other plastics, used both alome, and in
combination with glass fiber mats, an well as fag ghoss fiber
sheets with 4 mbcraporous backing,

Scparators hove riks an the side facing the positive plates
to provide preater acid volume next to the positives, for
redsnns of improved eficiesey, mnd to facilitate acid el
lstien within the cell. The rils alwo minimize the area of
wantart with the pesitive F-|.1I:1: whinth has » ||'|p_:||l'_|. n:gidi.-.i“g
ofloct on Mot separators. Glass fibey setaiper minks, are
sometimes placed between the positive plate nnd the sepa-
rator to retapd the loss of ortive materianl from the pl:ln}
and Yo profect th separator from oxidatian,

ELEMENT CONSTRUCTION

In onn method of construction, the lags of the positive
Hutes are welded together, Fig. 5. lorming o positive group
and the negative plates wre similarly welded, -I'mins '
negative Eroan. The 1w Erisups sre ol I|:||.|:i.'|‘h|:r ns indis
cated in Fig. 5. Separators are then inserted between the
plates with the groaved fnces of the sepprators peag bo e
positive plotes,

In & second method of comstouction, o sinck of aliernate
jrisitlve and pegptive plotes, wiih & separntor between pach
plate i8 built wp, with the grooved faces of the separators
agnin in contact with the positive plates. The lugs of vach
sef of plat-:: are then -..-I.L.l T.n-l,_u_ll:rr as alown i 'FiF. s
Eacly group of plates is provided with a post Tor comnneeting
the clements In serfes in the battery,

-
The l!:I:I:H:!F'I'l: of plates assembled with separaters, propored
by whtber method, are called an “elément,”™ Fig. 6. One
rlrm’q! 15 msed per ol
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Fig. S—Megative ond Positive Grou
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Fig. &—Assembled Element
(Assembled 11-Plete Element).

II-.II.‘."I.'\'I:' II1-'I:| I‘H"' [ 1=k% |i|'|l||-rr|I l|||||1!||'|' 0r '|‘mr -a' 'P.I.:lh;!- qmﬂ |-||.
an element. depending  open liow much ecergy 12 o be
stoted Lut there is alwavs one mare negative plate than
there npe prilives [or ressons of improved peclonmance,
The greater the plate surfoce arén wsed per element the
higher will le (he voliage during discharge at high rates

et I-ll-lk Il’lllJrr.IIl_lrr!'p.

Howexver, the apen cireult volage of o fully charged cell,
pic mealter what the size of e cell or the numbes of plofes.
in the clement, is only a little over 2ovalts. The battery volts
age s the sum of the viltage of s cells,

ELECTROLYTE

The spiige lead and bead peroxide which G the respective
plutes are referred to as the “pctive” materials of the hat.
tery, But these matertals connot becoms schive oniil they
AT OOV by a water solution of sulfuric acid called the
“eleetralvte.” The sulfuric acid of the ebeetrolvie supplies
the sulfation which takes place within each of the plate
maletials and releases the electrical energy.

The sailfurie acid elecirolyie & glso the carrier for the slse-
trie vurrent inside the battery hegween the positive and
megative plites throogh the separators. The antimanigl lead
ally of the grid [fEmH'DTL:TﬂIl! plates carries the electric
currenl rhl and frim the octive materials do the outside
terminala,

The electrolyte of a fully-charged hattery nsmally contains
abaut 367 subfurie acid by, weight or about 25% by vol.
1l|l1;i_:l This correapambs o 6 specific gravity of L2770 al
noEE,

CONTAINER

The containers [or sutomotive batteries are of the ane piece
mulded type, Fig, 7, and are usuolly made of hard rubbar,
plastic or bituminous composition, These must withstand
extremes of hent and cobd a8 well ms inechianival shock and
must be pesistant 10 the absorption of seld, Iy the bottom

5



Fig. T—Container cut away to show
Fur‘l‘lilnu ond alemont rasts.

of each cell compariment four narrow element rests o
“hridges” are molded on which the element sets. When
plulv: e feroy ided with stub feet on their botlon rl|;u:-.
ihe leet of the I.llhilil'l'l‘ =l o 1||;i|§i1\-l'l- I gl 3 smal 1hes fred
af il negalive |||:Jt-|=.r,- =ik on hrir|;|,1 F ared 4, This ks
mige= the danger of short cirenits due b sediment which
Falls Teonmi the plates onte the bridges where the plates rest.

The repeated discharging and charging of a batery will
gramlially wear 3 out s that alier a time the active materal
of thie ll-l'll-il';'lr ilabes, which consists -nr |'l.|:-r|r||'l:|' fine Erarns
ool limmid |.'-1-'I1l'|:i|5|‘. gprofunlly diqilulrgr.llu anid losss h:.'!i._',ul
comdact with the plale on which it has been held, This
boisrrsodd saferinl, unless held in place, ts [ree bo fall off
the plate and deposit in sediment sgooes botween tha biridges
al the bitom l|r{. vich cell, By the ting the sediment spaces
all g B the leottmin of the dement. the life of the cell s
usially epent, sinco the shedded materiol will gradaally
form an electrical poth or & short cireuit between the posi-
tive amwl negative plates and will interfere with the charging
and retention of charge of the lattery, The battery may, of
eourse, {ail before this condition sorare for rexons which
will be diseossed later, Gasoline anl oils shosll be kepl
away from Liluminows composition containers as they will
godten the Wituminoms Binders.

CELL COVERS AND VENT PLUGS

Cell covers, Fig, 8, are usually of melded hord muldsere and
F-rm ile am acid tight seal, by meeans of molided hoashings,
or the two terminnl posts and the intermediole conneetiome
whirh Flrlrlr'dl:ll' tlllllIlH_II. |]nn o, Lhe covers aee alsa pro:
vided with ventl “P-I"ni.lt!!'\ ol warios const Factioes

Thees are thees lypes of one-plece cover battery constric:
ton: 110 Connectors mudded in covers with oprnings o
buen conmector bulions, (28 recegeed for cell commpectors,
(3} one-pwece cowvers grotved to BE over intereell eonmecs
inens with the cover sealed on after all intercell connections
pre complbete, (20 and (30 are shown in Fig. 0,

]

Fig. B—=Cell Covers.

Yent plugs of varicus designa cooperate with the cover vent
apenings b bule the pases and electrolyte splashed and
5|FI'|I'!-'!‘IZ‘| againet the underside of the cover, 1o prevenl liss
of moil [roan the eells,

CELL CONNECTORS

In arder to connedd. Lhe cells of o |'u|ll|'::r 1M BeT s, the ele-
ments are placed in each eell so that the megative termmnl
af ane cell will ke .ui'.mf-nl to e positive lerpiinal of the
weal cell and =0 on I!hn.'-u_gh-lml the wltery. Call eomnetars,
Fig. 10 are placed over the protriuding cell terminal posts
andd welded to them to connect the cells in series. Conpectors
musk e heavy enoagh 10 CArTY the high current peduLired
lor starting. withoul vverheating.

Fig., 9—0One-Plece Battery Cavers,



Fig. 10—Warious Cell Connectors,
Niw copsliuclion I:"i.'lnlll.l'[ll.-'- lnve Frrrr |||-'|||-|i||;|.|;-d whrml.:.
colls are connectied [n Th g 1Y I|tr4|u|t'h b AR RS OF over

PART

(e tup of the partitions grior 1o placing the cover on the
battery, This type of constroction provides an acid-tight
seal between eells and is n shorter conmection which assures
minimum voltage loss,

TAPERED TERMINALS

hatomotive batbery lerminals are of special deaign, bein
taperedl fo specified dimensions in sccordance witl 5|.-|an
ards agreed wpon by dhe industry =0 thot all positive and
negalive |Jh||:-|_-|.'||1|||. beirminals will fit any eorresponding
hattery berminal interchangeably. The posilive terminal is
slightly larger (184 ,* dinmeter’ at the top than the pega-
tive terminal (65" diameter b st the lap 50 &s Lo mimibmien
the danger of iestalling & battery in reverse. The minimum

length of taper is specificd s bg,

SEALING COMPOUND

Senling compounds are used to form an scid-tight joinl be.
iween cell covers and containers, They nre bends of AP
clally processed Lituminous sulbuelmees having resistance 1o
flow at high summer temperatures aml resistance to crack-
img at low winler temperatures, In one-phece cover construc-
tin, righd pesan seals are used which ore permanont and
et be removed by heating,

HOW THE BATTERY WORKS

CHEMICAL ACTION OF DISCHARGE

When o cell is discharged by completing an esternal clreuit,
as in switching on the lights, the sulfuric acid acts on oth
positive anil iegative plode active materials 1o form a mew
chemical comground called lead sulfate, The sulfsts is i
plicad by the acid solution (electrolvie)  which hecames
woaker in comscentretion 5s e dlsc arge  proceeds, The
amount of acid cobsimed s in ditect progortion to the
amatnl of electricity vomoved from the cell, When the sciid

MG THE HYCHARG

in the electrolvte is partially wsed wp I enmbining with the
plates, the battery can no longer defiver elecicicity ot a
wselul voltage and the battery s said 1o be discharged.

This gradual weakening of the eloctrolyte in proportion to
the ebocircity d-:li.'-mmr in 0 very iselul aclion becaise i
allows us to mse a hydrometer 1o measute how much un.
wscd acid rensaing with the water in the eleetralyte and this
informntion enables ts b0 judge about how much electrical
energy is Jelt in the cell,

BLARIFD THE CHARGE

CAN GENLLATDT
=1 ou charoem |4
o I |
S [Erien] = =
HEGATTY x FOATIV Py AT =S =
LEAD: - WHAS FIEOXIDE | Ly | E TEi= §
EHAHCAG B CHANDING 1O B =
BEAR L rangy = LEAD WiLFATH _m___‘ = == =
E|== £ ool - =1= = [l rerreey=pen
—{__ ARG s GRAL SULFATH —_— (TP T
CHa RO T KHAROLS BN
WOk (NAD LEAD FREGEIGE
BcLPARE Wi Bgand AP a ] #f rueey
REAT 10 IR TR TIE T ALACTICHYTE

W—“t SULPATE  ©F  JULFUNIE  aCwe  URITES
ma TERLR L O PLARES IRAVING WELLER &%
B U Pl e H TSI E N Do L

TONGEGE, COsEIRE T SSia wATEE GRUTIRG SOLUTRN

—
VERT GLUTE EECTROLTTT MADE iFmcuacsn
BT BETUNK D8 BUITATH Bl L8 i)

Fig. 11—Electro-Chomieal action In o beattery,



CHEMICAL ACTION OF CHARGE

By passing an eloctric current throagh the battery in a
dipection wppasiie to that of the di&i:hll'p.'. the bead sulfate
is decomposed. The sulfate is expelled from ithe plotes and
returns to the clectrolyte, thereby gradually restoring it to
its original M:rn-,p,l]l.. This action frees the pate active
peaterinds of sullate and they are pestored 1o their ociginaed
chemical condltion, m:l}' lis aleliver r]:r!rir.il::' agoin. Hy.
drogen and oxygen gases are given off a1 the negative and
positive plates respeetively as the plates approach the full
c!l.urppd condition, This t& the rosull af iha lecomposition
of water by an excess of charging carrent not wiilized by
the plates. These gases are highly explosive and pre-
cautions must e wken (o insure thatl no are, spark,
ur Name come= inls contacl with the generatsl
gases. The possihility of explosion is alwaye present
AR N IR of the baltery i & Tt

iz particularly hazardous st the enid of the chargin
EI’I a

CHEMICAL REVERSIBILITY

The mioat valuable characteristic of the leadwseid siorape
battery §8 bta chemieal reversibilive, This imeans that, unlike
i dey-cell bitery which must le thrown away when it Be-
comes dischnrged, the storage battery may have an eec.
trical current passed Whirough 3t @0 the ditectian oppusite to
the shirection of discharge and the battery’s active chemi-
caks will be pestored 1o the charged state. Fig. 11 indicales
wlat happens when a battery s discharged, or when it is
ihnreed

THE ABC'S OF
SPECIFIC
GRAVITY

Fig. 13=Eleitra-
Iyte in  hewvier
ihas wntar, When
i in 1.8 timas @y
hwavy, i by wukd
e ba 1.380 Spe-
wific Grawity®

Let us suppose we have a simple halance scalbe, Fig, 12, On
one side we put cxactly one pint of water. On the other we
it exactly one pint of battery electrolyte isolution of sul.
i'ﬂri: acid in water |, The scole would go down si the elec
trolyee atde inﬂ:il.':.iill; that the |-|-1|'|qu1:¢|: is heavier than
thi: pure waber,

When thee clectrolyte in o fullycharged battery is 1,26 times
as heavy as an equal voliume of pure water, with hoth liguids
i the same temperstore, the Lnllrn electrolyle woold be
deseribed s Iuw'lll;: o “Sneihe ﬂrnmil'y" of 1.26; ineai
ing that its weight is l-!-l:g:imn thee wweight of pire water,
When the battery discharges, the sulfuric acid in the eloc.
ll'r.ll-:lll' combines chamically with the |l|l|l‘=' anid the remain:
ing clectrolyte becomes lghter in weight. By determining

the pelative weight of the dectrolyto
wee ean Lefl how 1|.‘|H|'.'h aelid has oom-
bined with the plaies and theseforo
estinate how meuwch electricnl energy
i still beft im the battery, But actual
weizhing of the elecirnlyie woanilbid [
liscairvenicnl, so We g indead an
il ealls] & Hvdeameter,
Fig. 13, This consirts of a plam
barrel and hulh Il:l'riIIEI'.' for sie |I1§
up a sample of the electralyte to Aoa
an enclosed plass hydrometer, the
stemi af which is ealibeated 16 rend
in terms of Specific Gravity.

The degih ia which the Aoot sinks
in the Il'urlliul indicates the relotive
wright of the Liguid compared to
water and gives us o measare of the
| spocific gravity of the lBquid. The
hvilromseter Mosts low in the liguid
il the l|:-|:'i.F|r' pravity ks law and it
Aonts hugh in the ligusd if the spe-
cific gravity is high. See Fig. 14
The hvdrometer Bont is made of
lass adl b= papuabpped with & paper scale built inside the
tw‘lrumn':t{-r with marks on it which mtsl be read on oo kel
eyen with thie lquwial surflace, onel this reading indicates the
specific gravity of the liguid, subject (o & correction for
temperalure wlinedi will ke dbescribied later,

Figy  13—%ervice Sto-
teom Hydromakar.

Fig. 15 illustrates the cormoct mirthesd For If:l.lding i h:.rd:mm-
cter. The eve should be an a lovel with the surface of the
ligpudal bn thie hyalesameter barrel. Disregard the curvaturs
||fl|.1||r fiquid where the surface rises agsinst the float stem
anid the barrel, due to sarface tension, KH'P float vertieal,

Fig. 15—
Correct moth-
od of reading
hydramater.
Eye on level
with liguid
surfaoce, Dise

curvas
ture of liguid against

glass ports. Da ot il

hydrameter while read-

ing. Keep float werticol.

Fig. 14—
High foat (left) moons
high spetific grovity.

Low floot means low

Fig. 1 graphically illustrates the r1'|n1'illl'|'-|]3|- hetween spe-
ciltu-.-. pravity readivgs and the combination of the sid with
the platea Fnr various slalrs of charge. Note the disteil-
ticn of the aeid il icated |.J:| ihe amall Bleck dots. Al
note the eorresponding helght of the hvdrometer Aont for
sach condition,



HYDROMETER MEASURES STATE OF CHARGE

A hvdrometer of the svrings type, Fig 13, weed 1o moasare
the specific geavity of the electrolvte in a eoll, Eives g in-
dicatin of iw misch onused sulfode asii remains b the
solition and is themfore o convenient indication of the ap-
proximale. capacity atill svaildde in a normal eell. For
acraraty, the ligmd level of the coll dhould be at nopmal
height when a hydrameter reading is 1aken and the electra-
Iyt should be thoroughly mised with any water which Moy
have just been added. Hvdrometer readings shoold, there-
fore. naver b tmken fmmedistely afier wabier s een
naleled, The swater shoild be thareaeghly mixed with ihe un
derlying clectrolyle, by chnrging, before Iivilevmeter valus
are reliolde

FULLY CHARGED
doid Im water gives slecienlye
1.|1l-u-i: pmlhr af 1.27Q,

GOING DOWH
Mi battery dschergai, ocd
bagine o lodge A plated
Specds wrastes denpu

LINEATE] .
DaSCHARDED

diid aloge saiively in plabs,

lpaving wush glechiabrie Ba-

biind, Sgeiile govity Teear,

il haf of sty

Bangry balt dishorged. Moss
ucid in plates, beas In sles
relyim.  Starilsg lailes i
skt B kottery |y efewed

Emain m g

Fig. Té—=During i . 81 atid cambines with
both Plate Materials, H ter sinks lower. Note
thanging pesition of black dots In Hlustrations.

The Fellowing table Hlistentes tvprical rampes of J..i-h-,-i:ﬁ.-
gravity dor a cefll in varivus stapes of charge with respect b
its ability ko erank the enzine ab 37 F., with Enitial Fall

Charge Specifie Gravity at sither 1260 or 1,280,

1.260 5p. Gr. 1.280 Sp. Gr. 100% Charged
1230 3p. Gr. 1.250 5p. Gr. 75% Charged
1.200 Sp, Gr.  1.220 Sp. Gr. 50% Chorged
1.170 Sp. Gr.  1.190 $p. Gr, 15% Charged
1.140 Sp. Gr.  1.160 Sp. Gr.  Very little useful
copacity
1770 Sp. Gr.  1.130 5p. Gr.  Discharged

In reading a hydrometer, the barrel mist be hebd versscally
ainl jou the eight amaant of acid be drmwe p into the
bareel with bulb fully expanded 1o lift the flval froely ga
that it tueehes neither the side, nor the top, nor the botlom
atoppers of the barrel.

The hyvdrometer bareel and Boat must be kept clean with
sonp aend water g0 that the Aout will not stick o the sides,
The float must be inspocted secasionally for cracks which
woubl allow acld to enter the airtight foar and make an
reacling with it unreliable, 1f the paper scale inside the Boat
i= wed, i1 s an indieation that the Aoat leakes, and should
ot be gaed,

THERMOMETER CORRECTS HYDROMETER

Mo bvdrometer reading is strictly corect until o frmperature
correcting hus been appliod. At ordinary temperatuees i is
el usually pecesssry to cornet o hydrometer reading for
the temperaiure offoel, bt at extiemes of temporaturs Ue
cerrectien miy be important, so the method of correcthon
will b deseribad,

Fig. 17—Thermamater built Inte Hydrometer.



Hydrometer fluats are calibrated to indieate correctly only
at o fixod tomperature, 1§ used in acid a1 any other tem-

rature, o correction mist b applied. The reason For this
iem im Lhe foct thot the sckd volume expands when it is
heated and shrinks when it is cooled, When expanded, die
tir hyeat, it will mat he ns dense and will not rake tha hydrom-
eter Aont as high in the acid, wnd this will cawes the read-
ing to be low, When the acil ke coobid, the acid shrinks in

wme and becomes denser which caoses the hvdrometer
to ik higher and read teo high.

The error dus to temperature 35 well known aned we can
easily correct it if we know the temperature of the acid
which surrounds the float in the hydrometer.

A batlery Thes mamsoter ghould le af the mercuryin-plass
type, have o scale reading as high as 125°F. and be de-
gi:unﬁt for not over a Lanch bolb insmersion. A snitable
dairy type thetmometer may prove satisfactory for the pur.
pne,

In order to oblain consistent specific gravity readings, draw
electrolyie in and out of the hydrometer barrel several tomes
b bring the temperature of thin hydrometer Aonl to that of

F
S
o 0 = AL
- & 30
i3 "E_' L]
=
180 et - 24
C—{ + B2
(1] - = 20
ol tliiis EXAMPLE Ne. 1 —
el ]:  Temperature below BO°F.
H1.'%  Hydrometer Reading 1.250

Acid Temperature 20°F.
Subtract .024 Sp. Gr.
Corrected 5p. Gr. is 1.226

EXAMPLE No. 2 —
Temperature above 809F,
Hydrometer Reading 1.235
Acid Temperature 100°F.
Add .008 Sp. Gr.

Corrected Sp. Gr. is 1.243

Fig. 18
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the wcid im the cell and then messure the electrolyie tem-
perature in the cell. Some hydrometers, Fig. 17, henve n
simall thermaomeoter and n correction scale built into them o
thiat the temiperature correction can readily be made,

The temperature correction amuisnls 1o aboul 004 Specific
Gravity, semetimes referred o as 4 “pointa”™ of “gravity”
fiar each BOYF. :I:an,Ee 10 lemperalire.

Rattery manofacturers Jﬂjmt the acid in their batieries 20
that the specific gravity readings are securate only when the
acidl temperature i ab 80°F, 1§ the specific gravity reading
is taken al any lemperature uther thai BOYF. the carrection
for temperature moest be made. The correction for tempere
ture is 04 Sp. Gr. por I0°F, devistion from the standard
base temperature of H°F.

Fig, 18 illusirates the correction for hydrometer readings
when the acid temperature (ool the air temperature’ is

aliave or below BO7F.

The reader shoulll mte how misteading a hydrometer read-
inp; van b ol extremes of temipscralure unless the lmmpera-
tore currection = laken inlbo aeeasint.

In example Mo, 1. in cold weather, & dealer niight install
a partially-dischurged battery at 20°F. in a car il he refied
an the hydrometer remling alone, since it read 1230, in.
dicating nearly full charged §f at 80°F., hut when the
temperatare correction ks applied, the true valoe is only
1,236 which corresponds to a substantially discharged-hat-
tery. The installation of a battery in sach a true low state of
charge in a car in ssvere winter weather would probahbly
result in starting dificulties doe 1o further underchargi

i mervice, with early return of the battery (or socharge a
customer dissatisfaciion.

Example Mo, 2 might be encountered during very hot
wienther when o new battery i deliverad to a dealer. 1.235
Sp. Gr. might imlicste too low a state of chaege, bt cor-
rrﬂﬁl T 'I:.:.':I-ﬂ- fip. G, 1t 18 mol IIill’ﬂIwHHN:I' T 1f it b=
ben enroute several doys at high temperatures, under which
comditions it will have lusl several pomis of gravity per dav
|:|1.l norenal m]r-ﬂin-l-u-rge. SRpe "'SEIE-I}iuh:rge.“ [ IE

Sometimes & low provity reading of a bot battery while
charging will be misinterpreted as & Faiture of the hattery
to take a full charge, but opplication of the tempersture
cotrection may show the hattery to be fully charged, Atten-
tion is called to the fact that gravity readings mny be mis-
[eading if taken just alter a batiery has been disc nfged at
i high rate, such as prolonged cranking, This type of dis.
charge weakens the acid in and adjncent to the plates-and
wntil this wesk acid has had time to diffise outwardly and
enix with the remaining stronger acid in the cell, the gravil
rendinegs of acid taken at the top of the cell will be too hig
and iniimin & higher sate of u{:argn than really exists, The
seid will mix slowly if the batbery stands idle for several
hours, or the mizing will be more rapid if the hattery is
charged and the acid mixed by gussing,



PART 111

BATTERY CAPACITY

BATTERY SPECIFICATIONS

Lomplete battery performance aml capacity specificntions,
Lagether with detailed test procedures. are sulined o a
separate publication entitled “Battery Specifications.” as
well s in the currest edition of the “Year Book of the
Storage Battery Manufsctaring Industes.”

Bath al these publications arm availahle ot the afiee of (LT
Associgtion of American Battery Manufacturces, Ine. 19
North Harrison Strees, East Orange, New Jersey,

VOLTAGE DETERMINED BY NUMBER
OF CELLS

The “open elrewdt”™ vollage of & fally charged el s 2.10
valts Jor acul of 1260 Sp, Gr, This is trae no matter whai
the sige of the cell, sinee it is a fixed charactoriathc of the
chemicals usel in a battery and the strength of the eleciro.
Iyte employed. A 12-vali baitery js therofore made up if =i
“Zovolt™ cells, amd 8 Govall Irattery is made up throe “Roaalt”
cells

The valtage of a coll “on discharge.” hawever, is influenced
very strongly by the sige of the cell as well as by the state
of charge al the beginning of the discharge, the rate of dis-
charge, the clecirolyte tempesature, the design and condition
of the battery. The average voltnge of a ecll on dischorge
while cranking, at 80°F, may e sboui L95valts, wherseas
at (PF, the voltage may be aboot 1.4-volts per cell, Gep.
erally speaking, rhe larger the eell the higher will be the
eranking voltage under any given set of conditions of djs.
charge rate .ﬂmE temperature, but it will never be s high s
the apen circuil voliage of the el

Fatiory voltage v discharge ie affected bw the concentration
of the acid mwintained in the pores of the plates, As soap o8
the acid in the pores is wsed up, by chemically combining
with the active material of the plate, the voltage drops anless
lresh acid autside the plote can diffuse im0 the pores, As
the dischurge procesds, the acid cotside the plites becomes
wraker wnd the jdlaie maieriab Beeome salincated with sul.
Fate s that i is increasingly dilfcult for seid and onosed
plate malerinls to b brought together for forther chemieal
actica. The vollage then drops to a valoe ne longer eifective
in debivering ul corrent fo the elecirionl system,

In cobl weather the viscasity of the clectrolyie increases and
slows down the difusion of the acld into the plats pores and
thevugh the scparators. Although changes in open-cireuit
voltage are insigrificant, the vollage on discharge decresses
bevause there are chanpes in the nature of the slectrachomi-
cal reactions s well as bowering of the voltage borause of
inmrensed pesistance boses in the eectrolvie and scparnlons.

The viltage of a battery on -'lmr#:- Wil be discussed wmaber
“Charging Storage Butteries™ on Page 27, and ander = Alter,
mnkor nod Generotor Regulstor™ on Page 34,

CAPACITY DETERMINED BY
PLATES AND ACID

The capacity of a battery depends ugon the pumber and
size of plates used per cell o well as upan the weight of
ilate materials and volume of scid present. Most sulosative
intberies are limiled in capacity a1 low roles of discharge
(2hMour Wate) by the amount of acid contsined in 1_?;;-
wwlls or by the wisjglin of poritive (it material,

The: starting capability is roughly proportional to the plate
aren. Aulamative starting hatteries are therefare Lailr with
ihein |..I|l|.l:!- i1 ||r-||-'|.ilrl- lurge |1|t|l-r afeds per aoll Fn oidder
ihat sl sy have quick - peeess to as mach active muterial
as pozsihle,

STANDARD CAPACITY RATINGS

The battery inalustry has arrived st soveral dandasds of bal-
tery perfurmance which have been incorporated in the
stagidirds of the Association of Aneriean Battery Manuilac-
Lurers, the '.‘:m:]l-l;p of Aloandive Engineers nud the L, 5,
Government. A complete deseription of the test methods s
Er-*w'rlll'nl in the publication of the Associstion of American

atbery Manubacturers, loc., eogighs) “Battery Spewliicas
tioms.”! A summary of the procedures of the rating tests are
inclsbed byegs for informational prrproses, Al bests are based
an filling gravities of 1270 and full charged pravities of
28D,

FILLED-DISCHARGE (ACTIVATION) TEST
FOR DRY-CHARGED BATTERIES

I weder o best for the charge retained in the plates, offac
tiveness of processing, amd welting charsctaristies of plates
and separatirs, and the behavionr of se hattery  when
artivated under posailde cold weather conditions, the Asso-
clation of Americon Battery Manufacturers specifies the
following fest procedare,

1. Plsce hattery and electrolvte in cold bus at 30°F, =2°F,
rﬂr 1% |'|.|'|-||r-| J|rir\-| Bis 1ok,

2, Memove fram cald box and immadiately fill the batery
with the cold electrolyte,

3 Allow to sdamd 20 minutes after campleting the lling of
Ui lnst ceHl, then record specific gravity and lemperatare
of the electrolyte.

% DHscharge 12wl batteries of fess than 00 ampere-hour
capacity al 130 amperes (Govolt botteries aind 12wl
batteries of M) ampere-hour capacilty or mare at 200 am-
peres ) to an end puint equivalent to 1-voll per cell,

& The performance of drychargel battories tosted e
these conditions within sixty duvs of manulpeture shoukl
be W9 of the specifiod value for 5 or [-second wirltugr
when high-rate tested at 0°F., and 50% of the sjmrified
eapacily in nrinutes when tested st 0°F,

1



£ A drychargnl Im|1r1-3.-1.:'l;r'ih.win! been bested as lb-u'l:i
hoaild then be [ielly cha al i Fale in amperes egu
:u ihe Z:howr Irihr'.l;rp: rate, Twonty-hour -urtlﬂadﬂ
Tests may then be made,

The processing and copstraction of drycharged babierses
resnlt in 8 deerease in imitial 2hour capacities, Therefore.
5% of the minfmum M-bour ratings shoald be dedueted
whaiiy destineg dliverhinrgm] balteries inamedistely following
the initial sctivation tesl.

The Sochety of Automotive Engincers specifies an Activation
Tml H'“h ihe hllh:r:f anel -l-hrlr-:l]rlz nl B F. Other prroce=
dural detaile are similar to these oatlined above, The per-
formance requirements under the SAE Specification state
thal the timse ard voltnge attained under the test conditions
ll'll."l‘ljll' the same as specified for the high rate discharge
at 0*F,

CURRENT ACCEPTANCE TESTS

This test ie designed to determine the shility of & new, pre-
viously untested battery (o accept a charge ueder a regulated
wildlige syetem with ihe baery in o pariially «lischarged
conlition af 307F,

Al wetachorged battories and ol dryechorged balteries afies
hlling are bivught s g fullychanged slate by charging st s
File coreespanding ti 120 al the imjere-demr raking,

The fullscharged battery b dischurgod st 8 rate of 15 ame-
peres {or the peericd of lime mevessary o resove 5ik pur cenl
of the rated 20chour copacity.

The battery bs then conlesl (o an eleciralvie fesmporatune of
307 & 2°F, by placing in a sultable ambpend temperabure fop
& peerlod of 1 hiers.

When the el=tralyle temperalure has reachad 30° = 2°F
the batteey shall be ch by impressing 144-volts acros
the torminals of Flaenl Leris af 7. valm seroes the e
mirnls ol evoli batterics wath the hattory still fn the 30%F.
ambieni bemperaizre,

This irr||.|-11nl|r:d- i'ulllp;-u i 1o b held consant for a 'pt'ri-ud of
I minntes st which time the charging rate i to be notad,

The charging rate at the 10 minute peried is considored 1o
be the eurrent acceptanoe.

The basbe rement is 150 per cent of the 20-hour dis
charge rate with ne value below 4 amperes.

20-HOUR RATING IN AMPERE-HOURS

This rating indicates the electrical sive or ressrve capacity
of the battery, The Inlh'-th:m battery is brought to s
temperatare of 80°F, and & iaiged &1 & eate equal 4o
l.n'i!lﬁﬂi:d' the published 20:hoor capacity in amperedours,
For example, a 13woli battery rated by the manufactomer
at 5 AH. capscity woald be discharged at 1720 of 50 a7
ot 2.5 amperes, until the terminal voltage falls to 10,30
“d..l. “T I.ﬂ'll?' Ill I'H'H.I.T‘ l.lil'l'ﬂ] Fr\-r .h 1‘!‘“’!’."![‘, II:I'I:I]-I
tiplied by the pmipere rate of discharge, 1s the amperedioar
capacity of the battery and lts 20-hoyr capacity, Ses Fig, 19,
The same farmoln 18 weed for tha batteriea, with a
525 enil volizge.
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Fig. 19—20-Hour roting dischorgos.

COLD RATINGS AT O°F.

All PZ.volt batteries of less than 0 ampere-bour capacity
are discharged af 130 amperes while 12-voli Latteries of 90
unpocehpurs capacity of more and Govoll balteries nno dis-
charged at 300 amperes, a1 & temporidure of 9°F,

These ratings indicate the eranking ability of a fulle.

charged bastery at low temperatures ard are expressed in
the {mllowing twis wiys: — )

I By the termabnal voltage of & fullycharged baitery taken
ol 5 or 10 seconds after the stant of discharge at the rate
Ijnl.dictbcd above with e initial electrolyte temperature
w1 ....

2. By the pumber of mineles required for the boftory o
rewch & temminl valisge equivalest te L0 voll per el
when discharged s the pate indicated above with an
elﬂlmllz-:r temiperatare of 0°F, at the start. Seo Fig. 20
for & charsctaristic curve.,
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Fig. 20—Typical Cold Rating Disthorges at 0°F.



THE 20-MINUTE RATING IN AMPERES

This rating onee nsed widely in the industry, but abandoned
as a standard. i a rating which ot one time spproximaied
the cranking ahility of o baltery at warm tempernfres,

A Tully charged battery st B0°F, is dischurged at the manu-
focturer’s publizhed 2bminute paté until the vallage dio
b the equivalenl of 1.5valts well, The Latiery I-Elmlﬁ
ischarge for & minimum of El.r:mnnlu

There i no real justification for using this rating sinee it
has no realistic comnedtion with engine operation and serves
oy, s ewifuse the buving publke. This Association 1in
longer reeognies the Xeminate raling, and has stoied tha
a= @ pnatter of integrily in terminology, batieey copacity
shoold plwaya be spated in terms of amiperehours,

DIESEL ENGINE BATTERY RATINGS

Batteries for nrnnking dicsel engines are rejuired ko deliver
high sustnined amperage. Severol methods af rating such
batierics are employal by virbois manufactiorers, Tn addi-
finn to the smpere-hour capacity raking at ithe Hboor rate
at B°F. wnd the minubes cnpagity rating al 300 ampares
at 0°F., with a minkmium Iesccond volmpe l.l'u-r.iﬁcd. ek
batteries are uswally rated according to the sumber of am
prras lhﬂu‘ will delrver for 1.5 mimviies st 07F (o an end
voltage equivalent io 1ikvoll per cefl,

LIFE TESTS (S.A.E.)

A battery usually wenrs put in service as the resalt of aver
charging, undercharging or cveling; bul iempersture, age,
vibration, or sperator neglect all eontribiste o altinate b
tery fallure, It is not possibile 1o duplicate car service eon-
ditions in the Iaboratory, bt variois tests have' been
developed which conphasiee the wear on ope or mpore of
the compodients af t |.I.ll|:t'l‘g.'. s thint when the ha“l:-r}
fails, its worn-oul parts may resemble those which have
failed in car serviee,

OVERCHARGE LIFE TEST

One sach trst is the Dvercharge Life Test which was de.
signed when hatteries were placed undechood and subjected
to high enpine-heal conditions. 1t b primarily a test of ghe
positeve.plate grid allow and grid qlhj-;n, as this component
of the battery b5 the most addversely alfcted, Neither the
separators nor the mgative plates nmlrrﬂ:i} any substantial
phveical change, The itive setive maberinl wsaally e
mains in place with little or ne shedding. The battery us-
ually fails un this tost by earrasion and disintegration of
the positive grid strocture,

All I2-volt batteries of lews than ™0 ampers hours capacity.
are sihjected 1o a continwons charpe of 4.3 amperes for
LUiY howre, or 405 amperehonrs of overcharge, followed by
a Mi-hour standing peried, A discharge capacity check at
150 amperss & then mude to an end voltage equivalent 1y
L2wolts per vell ar o mintmom dicharge thoe of thirty
eecinds, whichever oocurs Brt. During the entire test, the
Bistaeries are lmmersed to s depth of six ioches inoa waler
bath maintained a1 100G 5°F. This constitutis onn Over.

Uhﬂ-l‘!l‘-‘ Life it and mquiru one week. The number of
life wisits nerkst B determined by counting the number
of weeks during which the hattery was cnpable of sccepting
the overcharge of 495 amporedhonrs aml the effect of the
Mehour stand and then delivering the 150 amperes dis-
cliarge for 30 seconds hefope (he I:a]_l:r:lr mhﬁf .|-Iru'11|'u-ﬂ
biv W= mpuivnbent of 1.2 volts per cell,

Water is added daily during chatge to restore the electro-
lvte bevel to nonmaol,

Twelvewaolt batteries of ™0 AH, ond above and sixevolt bat-
teeries aze cha at ¢ amperes for 110 hours, or 990 ame.
porrnhiosirs of overcharge followed by 4honr stamding
perical, and discharged st 00 aimperes e an end visltage
eiquivadent 10 1 250lts per cell or a minimuem discharge
e of 30 sevonds, whichever orcars firet,

LIFE CYCLE TEST

The Lifo Cyebe s 0 vest principally 10 evaluate battery in.
termal components and it is therofore used ns o develapment
Bosl, B0 s i atbewipl to simulate Car service combifions,
wlikcly are extremely varialide,

M 12-voh battories of bess than W AH, capacity shall be
dischargod for ore hour ot approximately 20 amperes for
& tatal of 20 anpeee-hoirm amd I'I:‘:l.'IHIH_:I'_‘l,‘I al the gate of
approximately 5 amperes for 3 total of 25 amperedoore

o LE-vilt batieraes of ™0 amperc-hours capacity or more
ard fue Bvoll botleries. use double the ampers rales and
donble the amperehour valises Tkted.

The tatal time for aon complele ovele §s sin ows which
wrmits 4 oveles per day or approximately 27 cycles 2 week,

¢ bemperature of the water bath in which the hatterics
ore immereed during testmg shall be maintained ar 110%
*= 5°F. In order to dotermine the condition of the bottery
thraughout the duration of this il test, one complote dis-
charge test fs mnde exch weelk o8 20 smperes, The length of
time in haore rl'jllil'-ﬁrl far the batlery vo to drog 1o a
final berminal voltage equivalent 1o 1 70xolts per cell while
discharging st 20 amperes, multiphicd by 20, gives the am-
perehoar capacity of the battory at this rage,

Whent the sapacity of the hattery o m complete discharge
oyele, ot the above stited rates, drops below the ampere-
hours equivabent to 40 per cent of the ampere-hours rated
by the manulsciurer st the 20 hour gate, [ tewt of the
battery shall be considered completed, The point of failare
shiall be determined by plotting the ampere-haor dischargn
capacitics, 1T a check is desired oo the ability of the battery
to maintuin its cranking capability at low temperature dur-
ing the eyele-life testing, discharges shall be at 150 am

anil O°F, for 124nlt batteries of less than M anpere-hour
caparity : all siher hatterien nre i be i|il|r.'|'|"p;:d at 300
am ared (F°F. ot the second, ffth, and eighth weeks gnid
m.": thres weeks theconfter until the end of evels Hie testing,
The complte eapncity discharge test s omitted in the week
ol the I:r.-1-:| cvihe brst mnd caeli cold fesl = coosted as a life
evele, Hecharge after the cald discharge shall bie at a rate af
38 amperes for n periol squal 1o 1 E:mr far each minute
diseharge ut 150 amperes, or 7.5 amperes for similar time
perivds on W0 ampers discharges,



EFFECT OF TEMPERATURE AND DIL
VISCOSITY ON BATTERY PERFORMANCE

Billﬂ'}' -l_'.i'P.lI'."]l:l' ix ﬂrrqtl'!.' redoced by eold as it has a
decided nombing effect on the elecirochomical action. The
following comparisen, Fig, 21, graphically indicates the
extent of the reducton in ceonking power when the tem-
perature drops from B0°F. to 32°F. or 1o 0°F.

Eomparies of Crasklhg Pows:
lrumﬁnﬂrﬂrw
Bamgy oi B0°, 32" ard 8" Folennbsit

8o F, | I00% |

32" r. | BS % |
o

Fig. 21

Maote from the bength of the bars that only aboot 275 of the
cranking power available ot 80°F, is available at 0°F, even
for & battery in good working condition and folly charged,

Stiff engine oil adds to the load of starting. The following
Fig. 22 shows the relation af cranking power st tempera-
fures corresponding to “summer”, “lreezing” ond “zero”
temperatares for on engine wing SAE. 1TOW.3M malt-
vizscosity crankense ail

Wi soe that st (7F, the engine requires approsimately twice
the power o cramk thai it r-m:luirﬁi at BO°F. With the
e of simgheoviscasily  winler-grade SAE. 30W ol e
cranking power roquirement rises abowt 2% times on the
-|r-||1 in feneerature frnm b i o *F.

BO*F 100 %
32*F 155 %
0°*F 210%

Fig. 22—Comparison of power required fo crank
ongine with 5.A.E. 10W-30 oil of BO, 32" and O
Fohrenheit,
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Fig. 23

The combired effect of 0°F, cold, in reducing battery ca-
pacity b 255 of its pormal power and the increase fn
mnkin; fond dise to stilf ofl to 2 timies ihe warm weather
Tand, gives ua o better ecigtion of the job o batbery has
g do in cold weather and emphasizes the nesd for keepling
n |r||:|!rr:|- in t'lu: r.'u:\.lrl?' fually u:uﬂd canditiun du.ri.h: wold
weather. The impartaner of keeping & battery fully charged
ix shown in Fig. 23. Here for temperatures of 807, 32% and
0°F, we have compared the cranking power available in a

ood battery ot fullycharped | L2660 Sp. Gr.), half.
= l.rEI:'t] {1210 .'5|'|. Gr.) and ﬁ(‘hﬂ.‘!!ﬂd {1160 Sp. Gr.}
e ition,

Note that a pearlv.discharged battery at 0°F, las less than
LD the available eranking power of & fullvcharged bat
fery at B0°F. Thiz emphosizes why it is o wise precaution
to keep baotteries fully charged and fo recommend re-
charges when the gravity Talls 1o 1225 or lielow, A lattery
discharged to 1.100 Sp. Gr. ot less cannot be expected to

ori rl.k =1 ] ﬂ'l.Eil:Il‘.' al any lemperalure.

The above gravities labeled “half " and “nearly-dis-
charged” are related to the ability of the battery o crank
an engine at B°F, and are not based on the 2choar dis.
charge st 80°F,

A battery discharped at & slow pate, corresponding to A
Toad sich oz the 2hour rate; would be considered “half
diu,'hur!ﬁ!" At mbot 1.180 Sp. Gor, wnal “dimhurﬁnﬂ" ni
ahaut 1080 Sp. Gr. at 80°F. See Pape 23



PART

INSPECT SHIPMENTS BEFORE ACCEPTANCE

v

There are two conditions in which sutomotive balteries may

be ehipped, as Tollows:

Condition
Dl 7 il imm Plenai ol Plzley Calls
of Condhion Charged ar erd Separakars Thited g
Fer Shipping Uridbarged Whan Shipped Unfifed
Wet-Charged Charged  Wat Filled
Dry-Charged Charged Very Dry  Unfilled

INSPECT SHIPMENTS FOR DAMAGE

[menseddiatelv upkan receipl, check electralvie levels to dekeet
possible liqoid loas doring shipment. In the case of dey
charped batterbes, only visilbde damage can be cansidered
I‘H'l'.lll-l' |'|||'||' in i -|'||'|':|l||||,||' ||||'-||-.'|[_ '|r||-|hr.:l :ir.l'm:n:.:'.F
hatteries for mechamieal -I'|J.I'|'I.iil'-|":. oither wisible or ocom
eciabxl, whah may have been Enewrred im shipmest, A
“conceabed domage™ B wndersicad o mean s -e{:nl.l.u- [T
the senlemts of a pockapge which & oot in evidence at the
time of delivery by the earcier bat which is lnter diseoyereml

The carcier or carriers are respongible for batteries lost o
damaged fn transil. The title to g_-l-l-:l:- reits with ComE gRee
when batteries are shi IFH'I! PO, r1|'I||r:._ and onbr the
ctipsignee can legally ﬁi]r claime, When loss o1 damage |=
nobed al time of delivery, roquire the person making de
livery o miste boss or ﬂﬁ:'l:.;u_.:l_- FiT ] !.ﬂ.':._ﬂ]l! hill or offix his
signaliure under consignee’s memo of the loss or damape,
Subanil clakm by presenting lo carmer whe made sdeliver
the folls % LI infarmiating :

l. Standnrd Form for Presentaiion of Loss and Tamaze
Claim.

2. Uriginal Hill ol |J|||i|'||.l:.

A, Original or Certificd Copy of Invalee,

b Driginal Paid Freight Bill with signed notation of loss
of damage.

When loae or demege i dicovered affer delivery:
L. Segregsto damaged batberies, cartons or crales,

2. lmmediatels Il'lrll"l. cartier ko moke inspection and ci-
firm e eesd with m letter, 1f |-|I15H'I'rllul| ig wailved, obiloin

8 wirbllen “waiver.”

] H III.‘-'r'nH'l.illll = i .-..uh- 1|1, CEFf1ET '|'|I|:I'|i_|'|_ j'i_l.'q_l- |!_1I.j..
rieake yomr own inspection reporl. I possible, use form
| i |ll.':|l--1| of Lams or Damage Discovered alier
Prefinvery of Freight.”

L Submil elabm by presentiing ol the fowur ilems  [Rsted
ahove uniler the section headed *Whes the boss or dams
age is pobed af tme of delivery™ and in addition sabmii
“Carrien's Inspoctivn Heport™ or “Waiver™ or vour pe.
fpuest far :il'.!l-|h"-'1i-|h amil vir Feporl On your awe 1l
-IH'\-|'|II'II

IT no sekpowledgement of claim s received within thivy
dave, Fedues] samn |l'!-' letter, 1 no settlepen is gmacle witkin
Eindy rl-'l 5, P it lE:IIr:I r--r 3 'l'.l.l-'in:hn “Fﬂl’liill:].' P =Rl T Y
ariion, ;’I_’."II or lherwise, Two vears are allowed in whick
{oy file st after o claim i disallowed o writing by the
CATFIRT,

PART WV

WET BATTERY STOCK MAINTENANCE

PREPARATION OF STOCK

II'. |!I-' nleance of :I"lll'l ;lll'lil:.\_llll-lﬂu_ I:hl' |1|:.|.]|r1 J_lln—|rn||,|;|'
bevel s about 14" ta 25" abive the tops of the separators
ng BOFF, tor batteries of standard construction, The slee-
I.'\'.ll'!.'tl' ||'|.|'| 0l VEFY ||-||! ||;|It|'-|i:n- H.i". ]hg I||.w-|'lr '|]1_'||-. Fifif-
maal, =0 let botteries warm to nonmal temperstore Lefore
Juilging eledtralte lvels. Bemeimber to correct bedrametes
readings for emperatare i accurabe values are desiosd and
make do allowances for the time apd emperalure  in-
vabved in transi. See sinmples Page 10,

ROTATION OF STOCKS

New hatteries should s ||-|.IH"-\.| in skl Jrre [erabily im thelr
cafons, in zuch & location that the oldest batieries can e
sodd first, Batteries will slowly discharpe :Iuri-_.i slarage
amal must be located so that they can be reached for e
charging: without moving newer batteeics away from In
fromt of them, All batteries shold b Fiallw |1|q;gfi| al the
rale mentioned under “Boosting Charge™ befure placing in
sback.
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The battesios slvruld b sesrecaied by typies, The date a bat.
tery is meceived can be marked on the camton or hattery
with chalk. This dale can be helpful i soleeting the oldest
battery of any Bype in stock Tor earliest sale,

RACKS FOR 5TORAGE

Baiteries should newer be piled on tep of one another. Sim-
rlr!' rocks for temporary batlery storage can be mmde [rom
ovee Aol boards r-u-|ljr-|rh'l| Ty the balleries themeelves. No
nails are required. All boards are cut frem 39" stock.
Uprights may be 10 hizgh, with the grain, and of about
12% wadth, Shell beards can be 4" wide and 30° long, the
lumbor bo be free from wneound knots. B oprights and 10
shelfl boards will permit siocking 25 batterbes, 5 batteries
per row and 5 tiers high, il dlesired, Ser F'r_x. 24,

The stack is buill uge as lellsws:

l,||'!,' i:ur;llrl on @ smosth et Noar twe shell boards :|k:|n'n!
s thit the bottom ends of the balleries am sy |-||-|-r|r.|| by
them., Place 5 balteries sade by side in a row :1.||1g inseTh one
upright hetwoen batteries Mo, 1 and 2 and one betwoen
MNoe B and 3, pushing the batteries up snugly together 20
i Lo support e uEriEhI picees s shown in Fig. 24, When
nol in use, the rack boards can be eompacily dored. The
abova rack B oonly for compact, temparary - storage. A
hieavier, permnnent rack with shelves 247 apan will [P
vide 'h.'uri:ir:lg FEUEN ONET the botteries for hvdromeler best-
ing aml charging the batieres,

SELF-DISCHARGE — CAUSES AND EFFECTS

The grid framework of plotes s cast from an allay of anti-
mony ol lead contsinlng from #9595 o 9% antimomy.
Diirimg charging of & lattery, same anlimony  dissalves
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fraam the ].I-ﬂl-i‘i'l.‘h"lrl-ldJi' Erhh amdl depasits an the sponge
leail of the negative plales, where i sets up & logal elestro-
chomical mctian with the sponge lead, This sbowly dis
charges the nepative plates. The rate of thie sell-dischorge
increnses wilh an inceease i the anbimony content of the
positive gride and bevanse of other foctors. The presence
of small lr[lttnnlitiw of other impurities may affect either the
positive plafes or e negative plates or both,

All siatvirantive wel battories will therelore slowly dischargo
on etanding ond will discharge much faster when warm
than whes eold, They mpy discharge fester when fully
chnrged than whon 1III{'| partially charged, At wormal tem.
peratiares of B0°F . loss of capactly by self-discharge, start.
inig with o folly.charged battery, may amounk b an average
of aben 001 5p, Gr, poer day over & 30-day period. AL the
sarl, it may amound o G602 Sp. Gr, lees per dav apd gradd-
uu.T[!r lapsr off to loss than (K} ﬁp. Gr. lam per daw by the
erdl af 30 days. The eflect of temperatore on sell-disharge
lor the average fully charged pew batteey in good condition
may be about as fellows:

Ar 100eF, JHI2G Sp Gr. per day
AL BOCF, A Ep, Gr. per day
Al BACF, ANNLE Bp, Gr. per day

The above valoes aee opproximate for abiowl the first 160
duys of stonding after being Tully charged. Some makes of
batterics will have o higher and some o lower rate of sclF:
dischargs then the abiove, depending upon the methods of
manafacture and the pority of materials oesd, T mimimize
the extent of sclf<lischarge, store hatleries in as cond o ploce
-Il'-JHH'i!lII'. away from het air ducts or radiators in winfer
ol shielded from direct h1|l'|]i|i1'l| iy SUREmeT

ALL BATTERIES SHOULD BE FULLY
CHARGED BEFORE INSTALLATION

BOOSTING-CHARGE

T make up for the loss of charpe while standing in stock,
a hoosting charge withoot excessive nvercharge shookll le
given balleries whenever they [all 040 30 Sp, Gr, cormected
to BOYF. for kemijerratare, no maller whethier ey ore Lo
rernin im stk or noe e e made ready Tor sale. Thisgwill
b abont every thirty dave sl warm pemperaloees, andsless
often during cold weather, Obderve level af elsctrolyie be-
fore putting on charge: and if moceszary, add water o 1he
cells ka |rril1|:r o prispeer level,

A charge rate of one ampere for each positive plate in o
ced| a.l'll'llIITl'rEH' aeeil to & 15 ] il thie lendp L Fll‘ d"\llllpll'., i
battery hoving elevon plates por cell, five of them being
positives iﬂ'-.ll.ltltl I charged ol & rate of fhve amproes. T o
AW CRArgEeT I . ml :!.ﬂ.!.l. l1|" =i -r|'||-||1l E1] 2] “{:hl“ﬂ:ll'_'
Storape Baberies,” page 27, -

Chalk can b usod to date the carten or battery whenover it
receives o recharpe in steck, This will help o determine



which batiories o teady for debivery and which batieries

need charging,

DISPLAY BATTERIES MUST BE CHARGED
Wet batteries usod for display purposes or stunding in cars

PART

DRY-CHARGED

i whorage must nat b forgolten and oeglected. They theuld
lsr copsisbored as Batteries = in stock™ and lovsted whensver
the gravity falls AM0 or to a Bp, Gr. of 1,220 where fully
charged gravity is 1260, Many dealers prefer to use “dum-
my" balleries, with no elements in them, for display pur.
prars.

Vi

BATTERIES

The dry-charpged bottesy is just what the name indicates, 1t
is @ battery contalning charged ]'ndudn in a dry conditien,
When filled with sulfuric acid electralyte and hoost charpged
it is resenfially the same as the conventional wel battery,

The manufacture of the dey-charged battery calls for special
pri=cisaiieg in (he F1rul-l||irlgF aind -ir;i-ug of the :.Ill:l!ﬂ and
Boparnbars,

The plates wre manuloctured by possing o direct current
throuph them while Immersed in an elecieolyle of dilate
sulfuric acul. The !IJ"L-||I.I|1|.I_'r|I |||.;|.|1.'|l. e I1|E||1 reinEyed
lrom the elecirolyie, washed in water, nnd complotely deied
withook |1|r|:|[1l.1"i.'l-|-|l' expuzure of the nopative Ih'-ﬁl—'.'- b iy
ur oxvigen. Lhis is aecessary because the active material of
|]Ir' {IIII:.-I hnll.'!.'l.'lil !1I:'_I.1.|j'|l|"'- i'i- .ll‘ill":h -|Ei|.-:|l|'|! l-||.-||||_:|:-|_l h’.‘ll:l
which oxidizes, that 1= loses its chorge when exposed ja
uxygEn in the sir in the presepce of minebe quentities of
nwistune,

In wrder tioliain dey-rharged negatives, the plates miast
l"h’ll'r b 1|ri|:-d ill an inerd u||!|l||-]l|!|'||' -:||'1I HE] ilq'ulplh{\lﬂlrd
steamy, sxygen-free products of combestion oF a vacaum
drver, or dried so rapidly that exeessive onidation cammid

take P|.1n".

Therough drving of pissitivee plates and separators is peoes
sary b order 1o Ilrl'lllltl'll & halleiy Tooe of molslore, o Con-
dition whirh & meeniul lor & sstislsctory divcliaried
batiaty, } ] E

Positive and negative plates anl separstors may ehiher he
dricd separately or 08 elements with the separators in place

When wnﬂ.-r'r-w:phﬂl, ||I.|.r_|{|‘|-] ||I.1I|--u il '_-drjurg[nr:.. are
dried together, the addition of 3 seporator wetting agent s
the end of the washing period i ordinarily required for
aal il Loy L‘llllh't:| aclivalion frem ine drvsharged to 1he
wet-charged state. -

.-'I.FI::-r .I.'-m'l'||1!|1- ol ||1"|'-|'I|'“ grul ||'|||i'|ri!'gr proper FI\EI.'I:I'I.IliDI'Il
miizl be faken to prevent moksure Trom .-|.|--rI.|F the Tt
tery during the peciod it remaies fn s dew, oafilled stats,

Devecharged batterics should be stored in & cool, dey placs

wilh humidily as low as possible; alan with amlient tesn-
peerature letween 600 and S°F., as wniform as possible
and not subjert 1o frequent changes.

IMPORTANT INFORMATION ON
ACTIVATION OF DRY-CHARGED BATTERIES

Baitery grade sulfurc acid electrolyie of the correot specifi
gravily muest be sdded 1o the drycharged battery in the
field either at the warehouse or by tha dealer.

b wiedder ko make coertain that the proper electrolyte is osed
anrd the hﬂllbr:. i% prl'.]'l-:rlg activated, it iz bhe I:m-1in'|- of
many dnanulaclurers 1o (umnish packaged electralvte for
their drychorged batteries along with instroctions for
placing the htery into service, These instroctions mkst
b warelully followed.

Frm-.ul:-uln? mamlsciaring |w'|1r|:'lqur'n [=Ere :u!i:ladnr:r
dev-charged hatteries as thoy loave the Taclories, Dot ihe
unknown [zolor in transporiation, slarnge conditians, tem
[UrELERD, hattary AEe, stoek rotalion, and activation deiee
mine whether alie vustames g il pewive satielaction.

One must realize that a h.:.1l-:r}' “hreathes"™ with the Burtus-
giny o ambilend temperalnre and, sinoe its active materials
are sensitive o both moisturs |:|r'||i OEYRM, W os u.;]ﬂlrl..g-:,
alected |:-:. the u!-u-en-t|:-||.-|-|q~.

Moerchandisers know they camnot control humidity com
ditions nor follow the stringent requirements of storing
dry-charged batterivs in o cool, dry place in ambient tom-
peratares between G0 or 0*F.; therefore, the activating
instructiones sl genlain saffeiend boosding insiruciions tn
protect their customers

Esch VIR, AR thie fie=t el witgilier arrives amil |5 stisiakbmed
frr sweral days, boltery sales are brisk and troubiles mal-
tiply lsevanse most serchondisers are regquired 1o sctivele
and install batgerhs bivond the charging facilities they
have available. The American Aotemobile Assoeiation has
reporied st in meeent vears “HEattery anil Flacirical™ fail-
wivs gee e ||hl.‘|l.l|||in.u|l cause of service calls A]thr\-u.pl':
we might argue with the A AAL figores, and eounter with
the [act ik any hard starting conditien which would rum
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down the cold battery, would be clnssified as “Boltery
Failure,” we moest admit that some of the fatlures are doe
bo Emproper dryacharped III“.I:'F:." activaticn.

O way the industey can rexdses the number of service calls
is throogh sufficient boost charging of the dry<charged
hqthrr prior to installntion in the costomer's car.

These are the conditions when cold batteries are filled with
tralvie:

L. Cold electrolyte has a mwch higher visecaity tham warm;
therohy impaicing its circulation theough the separators
znd the pores of the plates,

2. The okility of the plates e a charge ot low tem.
peratunes i peduced becaos of changes in the naturee
of the ehemical reactions taking place.

Here i the speeepled method for petivati iy
charged Dalieries 1o overcome tmﬁ
Enwwn conditions,

L. Fill ench cell of the battery to the top of the separators
with the correct ballery- guﬂn :-I-m.lrn-h!ﬂ as specified
by the manufacturer’s instructions, Using higher or
imm' specific pravity electrolvte than recommended can

ir the battery pﬂrfnrmnm Originally filling each
nri i Rap of sepurnlors, permits expansion of electro-
Iyte as battery is boost charged,

2. Whwn mnnofactarer secommends fAlling  gravities of
L2500 or higher, hoost charge 12volt batteries a1 30
nmps. iGevalt hatberses of g-m umpu.'l aattl the spe-
arfie pravity of e clectrolyte 13 L340 o5 Bﬁ'_r nrl
aloctrolyte temporature is at Jesst 80°F, B CON-
MTIONS MUST BE MET. eleetralyee  lullsles
vinl-.nl]]' while rhn‘rgl'np;, reduce rll:r]:[in[ rale unfil
excessive bubbling sction subsides, then continue charg-
ing wntil L2400 and 8°F. are reached. (ln tropical
climates, lower Glling specific gravities s pecom-

mended, See Part XI, I'IE: 23

3. Check volune of electrolyle inoall oells and sdjost to
prescribed level with additional electrolyte as required.

4. Tnstall battery in car. Torn lights on and be sore am-
meder shiws discharge. For cars nof having ammeters,
check monufncturer’s manual for p polarity, Re-
rjue=t I'IJHI'IIIIH'F Lo reture in one wri. or hattery elweck.

Adter batteey bis been 1o service, add only lpprmd
u-u.l.:-: I ? D-T ADD ACTD.

ihese lrmrurlinnl will @

Jiccatare st tond Soms ©

Morage;

When cold weather waming= are forccast, it &5 recom:
mended practice to antlcipate demand by activating and
bocsting popular size batterbes in advance; thus, batteris
will b ready for installation st time of need and not ovee-
@y the charging squipment pvailfabibe,
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DRY-CHARGED BATTERIES IN STORAGE

The question as to the kngth of time dry-charged batteries
can be storel i eequently asked and i= difficoli o answer
becanse of nuneercus (opclors involved, These include the
original processing of the phlnl and separators, the ex
pisiire bo temperalire varintions, and humidity cenditions
during stornge. Under adverse conditions, the drr—thﬁd
]'-nl'l!rn may loee jts chnr!r in o matter of =e=veral w
undder the best conditions, it may have pood chrrge netes
tion afier several years.

The benefit of a dry-charged battery is that it does not ox-

riEno any a Flrﬂ"lu!rl-u deterioration such as hormful
sullation or corresion which may occor with a wet battery,
The dry<harged battery can bose fts charge during Jong
standing pesinds in stiek in 6 drey l'nruhllu'-mlsluul I T T T
breathied inls the Latiery, This, however, is not harmiul;
amed h:|.' m-grrl}' Eltin; the h.u.l:'l:-r.'rf with proper J:lrdTn!‘:rI:
anid bringing it 1o a stale of full-chargs, it becomes sasen
tially a mew battery.

Fder Er\-nurl sburragc conditions, the electrolvte specific grav-
iy vn activating a dry<charged hattery will ﬂn:f appTOXis
mately 010 points and temperature will rie 7% to 10°F.
within twenty minwes of filling the haitory, A hattesy under
these conditions requires little boost charging. However,
chould the I-P"E:Iﬁi."' ,E';r.'.ll.':lh drop 20 points or FmTe withi
corresponding increase in temperaturee, the negative plaes
huve been oxidized and the battery reqoires baost charg.
ing for one hour or bonger at preseribed ampere rates to
reach the 1240 specific gravity and 20°F, to stsure proper
starting.

Here are the steps to follow 1o determine i o dev-charged
battery hns oxidized aegative plates, hl uil instances,
sure to correct hydrometer imgs to B0

1. Check the J-Irl'.-l:']frr gravity and temperatore of the eler-
trolyle in the pockaga before flling the dry-charged
battery.,

2. Fill battery and bt stand for 20 minutes.

3. Recheck electeolyte in bottery for specific gravity and
temperntore,

A The difersice between | and 3 will indicate the degres
of exidation of the negative plates. The greater the dif-
ference, the longer charging time required, When differ-
enfes are EIlﬂ.'ﬂ'l.l']:F Hpﬂ:l. imalicatin I:I.:-HI:I]!'I'\H hmih-
oxidized, the hattery shoubd preferably be hrought te
full clurpe at o bow smpere rate,

Alter the drv.charged batlery has been activated it must
b sorvicedd, iundiﬁl and kept charged just ke any other
wet battery, (3er Mew Botteries Returned for Charging,
Poge 22,3

The chief advantage of the dry-charged battery bs the fact
thit it can be stored for Im:r prriods of time in & dry con-
dition witho! peemasent detecioration. Tt oy gradually



fose 1= ehurge over a period in sorage, but after Glling and
Ilr;1IEJII.'I|:' i rlt" ||:|||;{|'_ (LR 'n-r_l, r||.||.l'|| ln,l_l 0 nEw wel
biaftery.

e chiel objections 1o the deycharged bhattery are the
necessity of handling wcil ond the inability to give the
batiery w thareugh quality check before shipment.

PART WII

NEW BATTERY INSTALLATION

SELECTING THE SIZE

H.l'.lt'rii"l. lrr.lll'] Flll |I'FII:II'I"|'I'I|I -.l.lul-lr llb' .\_ir fin L'rgrlrh:a,l
size b lenst erpual 1o the battery ploced in the car by the
mnmufacturer. Frequently, additional correntconsnming de-
vicet lave beet added o the car by the ownee which TEay
make= o larger eapacity batiery desizable.

The '.'l:l'.]-i:l an e |:-:|I:I.r'rg. il @ miodcen CAT may e ey |||5‘|'|
when the srigine 5 not ruoning, High capacity alternators
ar pemerators carry the electrical load when the engine i=
|'|IIIl'Iil:|iq. I‘illl B '\Irl.'ili ] 'Ihllll'l Y IRy e |:|i-| ||;|.rp1l-|‘l =i 1|'|||.|l||
bw lights and radio when the car i= parked that cold weather
sturling iz serimesly impatced before the deiving (ine allows
the alternator ar prnetafor fe resfone Lhsee |'l|.:|r;.:'f 1o the bag-
terv. An electricnlly oversize battery s therefore highly
ﬁll"'i'l‘ﬂllll' | ]I‘:I'l:i'u'il.‘li." o factar of conyernienee and \thl:',‘,
A 1-"3!.'[ battery will alse have longer life and therefase
be n worthwhile tnvestment. Cars ﬂTuiTp]'ulgi with air eondi
tioning definitely requite larger batteries,

TYPICAL CURRENT LOAD OF MODERN CARS

(in Amperes)

ACLBisITY Moz, Yehiels

Swmbich Oty
Swmiich Load bl
Porkdog ...cirireiii 4to B —_—
Low-Bopam Headlamp ...... Brol14d =
High-Beom (4) Hndrump 124 18 18
HEEERr ... cournvriinnenisanesiciliha F —_—
Windshield Wiper .......... 1ta 3 3
Ajir Conditioner ............. 1Dta 15 15
Radio ... v 10 1.8 1.8

Ignition—Standard ... 3 =
Ignition=—Tronsistorized 8 ta 12 12
Alternator Field ........... 315§ 5

Tobal ..o m— 54.8
Summer Starting ... 100 - 400 Ampoeres®

Winter Starting ..., 225 - 500 Amperes®

"Walwih sary with seglne Kie, srgine tempezatars ond ofl ey,
Fig. 25
The |Hrsalpein of the haftery in sOFE LS, with very Bitle

clezrance betweon the hood and I‘i.;IIh"l'}' beFrasifals, necessis
tates the installation of a replacemant battery with the same

awerall height as the ariginal batgess, ‘This factir should he
carclully checked.

REMOVING OLD BATTERY

When remaving the old hattery, note carofully the location
of the prsitive IIgl-llll':"u terminal so that the new hattery can
b inglalled i the sane manner in order to avoid the dinger
of mstalling reversesd, Bemove “ground™ terminal first,

lin peiray Ing Oor II:JhtI'ﬂIEF thee loes il i b Biolt of cjﬂmi"

terminals wee only o " box end wrench, Fig. 26, On

Epi ill;.' lmaeleed I|'r:||i||;|tﬂ_ u|l|:|. th|: ey |-|i|-:|1:. _-||||ur1r hr'
l.I'hH[

Fig. 26—Box end wrench.

Ispect the eradle for prssilile r|.||:1,]:|_g-:= catsed] by buss of
ﬂl'i'ﬁ- from the ald |'I.I“I:'I‘f|'. He sure §t and il= ha kil alsvivna
HILE JIH"L'h.lII.iI.’JI.I'l I-II||Il|,l ||-||] rn; i[.;\-m |:n;|'r|:.;l'i|-|'| h{'j’ﬁ]f‘-
ill-'E.ﬂIIillg the mrw hnttery orpaded |,|;|:|E-.. nmal enlide feremi-
mals may be cleaned with water, to whicl same househald
ammonin or sodium bicarbonate (baking soda) has been
added, by sorubbing with o &l brush. Do not = rape lead
eualing off brass -':]:l.mp terminal: when cleaning. Dry and
paint correded steel parls with o i-:|-F|r|_-u1' paint. Do net
[ranant !||I|1r"'r_l. 1|-u||i||.1||Jn_
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Fig. 27—Terminal Pullgr

Examine calles and terminals to be suee that cables are af
CofTerl SEAc, |F|1' "F“IH'I ol r.ﬂll.llr .iijl_" T '[':rnnLi.ne,"' page
21, S=e thal imeulolion is inloc and thol the t'hmlp Ler
mvinal or it ot ore nol eoten oway, expEosing brass or ron
b provide Tature lenminal corrosion. Urge replacement of
sich unserviceable parts. Clean and Gighten ground con.
pection o the frame o5 well 58 tighten switch pnd starier
connections, J

Ome d s

Fig. 2B—Terminal Cleaner — Combinaotion of

Brushes for Brightly thmﬂn'yhl:lump Terminals and

Topered Posts goch time they are reconnected.
Very importont in Voltoge-reguloted systems,

CABLE TERMINALS AFFECT CRANKING
AND CHARGING

As the wmgdd ents away terminals. and exposed coble, the
depaosit ol corposion lirilds W FrEsiatance nnd  restricts
proper eurrent flow ta the starter and other electrical unies,

il cars rr|l||-|.||u'|| wilh '|r||l||r|=|- lrp1|'|.|1-n-r-. where the alter.

nafor oF generator voltage i held within a narrow range,
the resistamce e 1o corvosion keeps the lsatbery from pe-
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cobving (he proper charging cireent and grodually starves
it, causing an undercharged, sulfsted bamesy,

Corroded contact surfaces of all elomp terminals and bot-
tery tenmimal posts should alwaye be cleaned bright with
p wige hrush in order 1o make a pecfect contact each time
I|5.q'} B n:|1|a|:-|'||. Fig. ® shows o convenient (ool for this

purposs,

It = good practice when peplacing terminals e grease wm
with & henvysbislisl mineral Erease af ]rr“'ul.lll,llll, [ha nag
apply an excesaive dquantity a= it may flow onta the sealing
coenprnd and soften it

[y ot hammer clamp terminals onte battery 1z, To do
B0 mny iewult i sevene 1|r|r||.r||;r' bt dhe birittle hardorubbier
gell cwvers and sealing compiinal,

INSTALL NEW BATTERY FULLY CHARGED

When o customer buvs & new baliers o is paving for and
in entitbed 10 reeelve one which i fully charged, Onlv o
!u||:ui:']1.nrp:ﬂl ll.:.llr'r:p can deliver the ]m!lEi:hml and Fuar=
anteed performance, which is the basiz of the sale. Anvone
whe wishes to protect himself against trouble and costle
STV |-1h|-l||1|l rll.lLr. EIET T lh.ll thl Tealteries a|!||1 Tie i|l-r- i
tomsers are fully charged when installed, In the case of Diry.
Clinrged Batteries the ndlerence 10 the suggedions aatined
In the section on “Aetivatien of Dry-Charged Batteries™ an
Fﬂ;l!-' 17, '\hlll:]ll rnu'l. i |l-u-||1|'|-|"-rll'\-|' |.||rl.hti||||.

Keplopcemmont cabiles should be of sulliclent length 1o reach
thee tereninal posts without eausing undue strain on the poste
|1IIL] VRIS, '.:..Illl'ﬂ. rl'l||l e boo banl will R LTS 1|‘.i|'llqﬂr tiw
preats ond cause sealing compound to erack and ncid vo beak.

The battery should rest bevel in the cradle snd be fastened
sevorely in pdace by o soitalde holdsdown, osing eare to
tighten hold-downs evenly Trom each end, a litke at a time,
&k gl Fial Jie l“l.l.l.rl 1! 3 Irh-at |.|-|,|. EaERlaneT. Ty [T 1r|'l'n.'
hald-dowms fon tight, Whers o hold-down is xed ot ones
el cnre must be exercised to insore proper seating of the
habt=ry prior to applying pressare 1o IF:I:' movealile portion.

Before eannecting the cables, check the polarity of the ter-
minals ol the hattery do b swee it ds not reversed. Mote
that the tapersd positive terminal of the battery b8 1"
lmrger at il Gop than the negative and that the apening of
ithe positive cable clamp terminal & correspandingly larger
e fab Do ol deop terminel eorrosion inocells. Conmeet
the “grombed™ terminal last, Tighten terminad bz, being
carcdul b Ttlm:r i:'|.1m[| terminals and cables in such o 1
tion that they do el interfore with vemsval of vemt plisgs.
of ruli o hablif-downs or olher parts

On cars cquipped with alternafor systems it is imperative
that the polarity comnecthon of the batlery iz correct, sinee
if the engine is started with the battery reversed, the rectifier
diades and wiring harness will be irreparably damaged. In
the vase of cars with Iransistonissd radios, damage woukd
et if the rodio were turned on with the batiery reversed.



MAs o mankber of paodicy, the raidio slempld uh:.:::..s b turmed ol
whien 'fr-:ltkiug i e |.-||I!-:1':r.

Im ANy CHEE, &S Al .h|'||.‘||'|.| l\.l‘l'l!. ined=iife A |.|r||;|| 1'h|'\l"'k_ -u-r 1]'I|-
cable connections should be made with particullar attention
paid to matching the larger vable clnmp o the larger ter-
minal post,

O cars supibjpasl with ammelers, the procedure of tarning
on the Lghts and noting that the omowter deflects 10 the
hli]ll,l'\ inf ||i'-| I'llilgl"' +E|‘I-r |'\-r tlbr ﬁr.ﬂh' .||uFi|:';-|r|q. 1er-_|il|:'|.l.

that the battery is propeely installed with eegard 1o polaes
i1g.. O ears withoul ammeiers this ]pllqh'l’lur-_- is i.lﬁF,H}:.:.ihlp
il reliance must be placed o the cable checking as di-
seribed in the previous parsgraph, of in the instroctions
in the enr manufacures™s manal,

CHECK CHARGING CIRCUIT

Svitable equigment 1a svallable for checking the charging
circwit, Follow the monufactirer™s procedune in the g of
the instruments, Checking of charging circuits without sach
r-|1|i]ll|l-'lll i not feconmended,

PART Wi

EFFECT OF CABLE SIZE ON CRANKING

EENNSOR Y CAN AL e R e s SPTeE

B=oLT
Fuih, Wiy dAmad i il S i -IE-I'I":-'-‘?
FiiLl, B0 amrE g
s
W e“"x
N ; "
""\k ¥ k1 =y
N ety
Lo T S L AL L Wiy "
AL frees FRLEE SRR e WV N PR LN
BT glem i e AT amwE W oort cabemn 1o
_rl: Tinhil &b S B i gn s O du W, g = oNh N, LA
Doy 51w & LB & W W L T a R e R T I T AT

UL Le i, o Lidrim CamE Cean w0 &

B ) L O DRSO EE el ST R TS W S

Fig. 29—Cable Sizes.

Rattery caliles must carey Use sxiremsly hegvy startimg car.
rend with & minimuom loss of vollage, sinee the speeid of
crnnking is dependent ap the vollape mode svailable ot the
starting mobor.

Caldes lor passenger cars having 1 2-voll systerms are msually
of the stapdard Namber 4 or Namber & pange except for
L!‘h‘fiﬂt :lilPIil'.'l:l.i"-ll- 'u.llr"ll' ||I-"'I|'. T |||||'n.. |r|u:. |ul upHL

Caldes fior [MIESITIZCE LATE linw g G-valt EyEiems are ugulll:.-
of the standard Number 0 or Number 1 gauge, ithe Nusber
0 being the larger.

In the preceding chark, Fig. 29, & eomparison of full sie
viTas mbdersize cables 15 given

I'll'lll'.ﬂ ™ CAn I‘ll' | Ell.' ||Ir. s |.-| I.'|'|.I'F'\- 'rl||i| 1 @r= 1|:|r|i_- =z
anad also by clamp teeminals which are correded,
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PART

I X

NEW BATTERIES RETURNED

FOR CHARGING

EARLY DISCHARGE NOT UNCOMMON

It B quite common o receive n compplioing, especially during
viery cobld wenther, sbout new batterios returned for charg-
ing within & few davs or weeks after sale, which lesds to
the beliel that there mimt be something wrong with them,
This type ol complaint began when the automative battery
industry first came into existence and will continue just as
long ns satomotive batteries are sold, Actuslly very few
balteries so retorned have anything wrong with them, but
because they are new, the inexperienced person, and same-
times even the one who should knew better, helieves them
te be defective because be cannot find the reason for their
becoming discharged.

A wery important peint o chedk in every case where this
troulde is encountered is the pobicy Followed in regard to
the installation of new balteries.

Was the batery fully charged when installed? This is ex-
trepnely fmportant because the installation of o partially-
discharged battery mav not only lead to its seburn For
nhnrﬁi% but may abo resull in short Nie and an adjust.
menl, The gravity and temperature of the battery should
therefors be recorded at the time of sale {or fotore reference,

Were tapered terminals and clomp terminals broshed clean
nmil |:|rr-m-u§ when inslpllaticn was made? [ not hjgh.
reaielance connections may exil and the hattery cannol
be Kept charged. This ks very, svery inporfant on vollage-
||:"H|.|il|ll'l:| -h!rnl-hln.

It & a Tacl that many new botteries will come back for
charging when they become discharged ond, provided thes
wWere fu]i:.' charged and L:m|u-r'l1. installed. they may be
conssbornid II.'J.'iIilIl.H.-I' mcharge jobs for which full priu
should be collected. Tan often I]'u-:.' e rr:-'l'tq:'pfd rilis
becamse of & desice to keep 8 goisd customer ul&ﬁrs and
beeause of a lack of knowledpe of the true olrcumstances
and how to deal with them, but they are legitimate recharge
jobs just the same, The battery is wemally favolved in any
stariing failore, bul the fact (hat B is -I;Iit,'h,!rp;ﬂl does mit
nesmssarily poinl o a defective ar faohy |1.|I:|.rr:.'- Trisulfi-
clent hours of driving, worn cables, troubde in the electrical
system, such s vollage regulstor sub of adjustment, caor.
poded conmections or alternater or generator in nesd of
repuir.!:‘ ping drive belt,ote., con cawee n battery Lo be-
EHETI TR 1“4!' rll":l.:E\d arid the conditbon Caiuivnd |:u_- |:-].1.11-1|:d on
the t{l&t{-ﬂ See “Car Alternator or Generator System.”

2

BATTERY TESTS FOR DEFECTS

A properly equipped dealer has three ways of testing o bat.
ey ko determine ile condiliom:

.FI-HI- He ean it it on -:'|'|ur.=n 1o see whether 3t I.1|n|:-.e 1]
charge satisfactorily, If it does, it has passed opo test swe-
cessfully and is probably in good condition.

See “Charging Sorage Botteries” Part XV, pape 27,

Second —IH a discharge tester i available he may test the
bnttery for eapacity after charge, and i this e shows
full capacity the battery is in good condition,

Third - Dnly in rare cases should this test be peeded, bt it
can be mads |.1!r aivone who doubts the resailts obtained
from the first two, Let the fullycharged battery stand on
ihe shell for three to seven days to see whethes the standing
hiss due 1o self discharge is exceseive moany eell, 1t s @,
then the battery has socomsfolly passed . every test and is
without question in serviceable conditon. See “Self.Im
charge—Causes and Effecte” page 16

TESTS MUST BE BELIEVED

14 the I':-rr'-_p_.--ul:up' tests show the ||r|“|'1':r 1o be in |,|:-|:|-|:||J E4iT1=
dition, the resalls must be believed, This seems abyiouz, but
is emiphasized because mony who are inexperienced in han-
dling batteries and who fail to bearn the reasan for the dis-
charged eondition are liable to end by blaming the battery
becanse they feel that gince they cannot find any other
caiiss, it masl be the hottery.

It may help to remember thot o new battery will slowly dis-
chorge sinnding idle in sock, ot #t will not became Tully
discharged in a week or two. I it comes back dischnrged
within a week of fwo; there most be sone reason for this
condition other U the battery Gteedf. It may also help ta
remember that for every new battery retuened for charging,
many mone old batberies come back far the same peasion,
Mabody eomiplaine about the ol baiteries,

Mever forget that there are ways to prove wheilier & hatisry
B8 ot in ot af [aoli, and when these show it to be in good
comdition, the battery is complsizsly ahiclved 25 n cause
of trauble,



PART X

Water {ar use in sobomotive hailer jrs may ke a .g'.“...l i:"-ldp-
ol drinking water, excluding mineral waters,

r‘l"[llillj.: wiiler o a oell will lower the -spﬂ'lﬁr :_l_rrwih_ of the
abectralyle, but this does not mean thai the cell hos st ATHY
of its e R0,

Watch Tor Lntterics that require excossive wter. The need
lor eecessive waler 1y b wn indlicatbon of a charging
syetem which 12 out of adjustment and indicates thal the
batbery &= being subjected to the damaging sffects of overs
eharging.

The larger proportion of present-day hatterics are provided
with |i-:|lll-!r level indicators m the vent openings of the
vavira. Where such |!r||1-'i!;|||:5. afe nol priozent |II|- narmzl
electralyie bvel should be % o 14 inches above the tap
of e separators,

The «le 'llll-!||l.' level, correctly :ufj..up_-.l at a warm temipara
ture when fully charged and guasing, may drop as much a8
La" when cooled to 0°F. This is due i the contraction uf
thr eleciralvte anad Ba the shinkage of the goa hauldiles

trapped in and leneath the slement

PART Xi

ACID GRAVITY FOR TROPICAL CLIMATES AND SPECIAL CONSTRUCTIONS

TROPICAL CLIMATES

Batteries operaiod st high temperatures n traphenl climates
wre usiplly provided with electrolvte of about 1.225 Sp. Gr,
when fullycharged, This milder strength of acid s less
deteriorating to separators amd plates, which resols in
longer battery life. A tropical elimate s considered ome in
whick walry never [ prrer s

Attention & colled to the Ici that batterses can b f|.r||'r
charged and yet have different values of specific gravity,
The following table gives the specific gravity values for
tvpical batteries in Various statés of charge, these balberies
havitg immicated gravities in the [ully.charged state, ¥alises
nre shown for batteries with & :f-.||[5,'-|-hn|;.-r'| pwravity of
L28h and 1260 as used for cold and temperate climntes,
aried de the last column vobves ane shown for o hattery with
o fully-charged gravity of 1225 &= might e weed in
trapical climates

Sy Girarvity
SpwrcPln Grav it i Llesd in
Soote ol Chorgs * o4 Uped By Trapaed
Cald and Temperate Clisaies Cllmoiss
Fully Charged 1.280 1.260 1.225
TE% Cl'ﬂlrgld 1.230 1.215 1.180
50% Charged 1.180 1.170 1.135
25% Chorged 1.130 1.120 1.0%0
Discharged 1.080 1.070 1.045

"Srate ol chorgs o imdkoisl by weetific gravity whan isehaiged of ¥
Baur 155

The obove wre mars or b fppiool apsaifa glrevity rooges  Chevily
tanges will vory eewwkal. depsading o baltery fefdlrecdtiza ond o
[L] i|l|'.lrﬁ"rhl walume M ity material,

SPECIAL CONSTRUCTIONS

Same types of hatteries nre constructed with an extra-lares
space for water above the elements whore over three times
the usmal waler reserve is provided abeve the separators,
As 3 result of the extrn wator used, tho specific gravity of
the electrolyte at full level and with cells fully-charged is
1250 Sp, Ge., which is sometimes stated on the vent plugs
of these special hafteries, The same quantity of sulfurie
aciil is wsed in these batiorics ns b ssed in baltorses with
equivalent sige elements having a fully-charged specific
gravity of 1270, The exira walter volume results in il
mibder acid atrength and requires that the baltery be pe-
walered sne-thind as aften g the capyentiomil _]_..:l[f_lnr:,-_

EFFECT OF REDUCING FULL-CHARGE
ACID GRAVITY

Most manufacturers have redoced the gravity of their bat-
teties of andard constroction from 1.280, containing 30%
Hy3y by weight, o 1,260, containing 35.6% H.S0, by
weight, in order 1o obtain the benefits of the somowhal
milder scid strength during the life of the baitery, This
may have the effect of reducing the initial capacity of the
hattery, since the capacity of a bottery depends upan the
amount of scid m the electralvie,

The amount of electrolvee in battery will srasgly affect
s capacily since battery capacity s determined by thres
Le B L E (15 weight of positive sebive material, (2
weight of negative active moterial and (3) welght of sul-
furle acid in the electrolyte. This required weight of sul-
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furic acid to yield a specified electrical capacity can be
provided cither il in smaller valame -:-Fhlp:fl st foe

vily ar (b larger volems of lower spocifie gravily,
dther combination will enable o battery to mest it pal
lished ratings

However, il the specilic gravity of the sl of a batery as
originally designed b reduced, but the acid velames remaing
I.h:l: AWt |.||' gl e :|--i. 1'r|.|:|r|'i|} will B h'lll:l'l'l]. T.ILFI'. rlll
exomple, n 100 AH, capacity battery of standard vonstrue.
than with mormaa] ebstrolste salame and haviee a :f-u]t::-
charged gravity of 12800 1 the gravity s reduced o 1260,
the 2-hour capacity may [all off 4 per cent 0 pechaps 9
AL and the cold capacity may drop as noach as 15 per cent
It is eloviows, therefors, that the aclid gravity of sich s bat
tery cannot be lowered without reducing it capacity. In

eneral, however, bower gravity favors Ilg- higher grav.
ity favirs Hkhoor capacity and cold rapacity. The wolumea
and gravily of eleciralyle wed B aulonudive lalleries is,
therefore, carcfully caleulated 1o deliver guaranteed ratedd
olectrical performanee and wsaally represents & good com.
PrOTLe: bebween capaciy and hattery life,

1T acad 18 cither lost or is @lded to a battery after it leaves
the fartory, one can be misked in peferring to the above ta-
ble of values to determine state of charge from hvdromeier
remdings. I1 may lie pecessnry to fully<harge o Lattery 1o
delermine. acourately what its fullychirge gravity i= une
less the “fully-charged™ cravity is marked on the hattery
ar an the aecompany ing instrsction g,

MIXING BATTERY ELECTROLYTE

Diluting concentrated acid of 1835 &= not reconmended
(T =TT ||‘ llu' ll-ﬂn;l'll- .rllhlhl_'r]. “'hr'n ||nf|rrla1|.-r:|l AN 8 FC=
sull of circumstanoes, exlrense care must be taken in poe
paring clectrolyte by diluting 1.B35 Sp. Gr, Dattery Grade
siallirie meid with waior,

In wisiog, slwoys ponr the acid into the water — il
this slawly — never pour water inbo achil, for §i will
virtinlly explode. Stir continually with & elean, mow,

PART

ACCIDENTAL

wond stick while acid i being added, after wlich throw
the siich away. Because corsiderable heat is generated
swhan siromg meid 5 miced with water, take specific gravity
reading= anad maks fnal adjudment of gravity alier elec
I:n-|1..'|:-|: hos cooled bo room temiperature, MNever il hatteries
with electrolyte mrch holler than oo temperatioee,

|'se pothing but glass, glared eapthenware, hard rubber. or
lead conlaimers to mix O =kipe el ||l.'|'|.|rI [ fae eare ar lhl‘
kol al IIIi:\.:I||:'_ miny crack plasa conlainers, Ta IEpaTE
-.-I:-wl::-d:. t¢ of nny specific gravity: between 1106 pm!l 1404,
ailil one pard by vabione of concentried TEES Sp. Gr. Lat
tery-prade sulfuric acid to the approximate number of parts
of water ahown in the Tollowing uble.

Danlrad Agprevimobs Hurkar of Pary of Warer ia
L pacific Wihich Mun Bu Added Cing Post of 1838
Gaavity Specifie Grosity Sallurie Ausd, by Yaluse
1.100 9.8 ports woter by volume
1. 200 4.3 parts waler by valume
1.250 3.3 ports waler by volumae
1.300 2.5 porls woler by volume
1.400 1.6 parts woter by volume

WARNING:  Concentrate] aeid of 1.835 Sp. G
must_he hondled with great care as it will fl“rl'l:'-l.‘

the =Kin mmil ||.ull_i_u i lhl" -tlnlluln_E'l'i_ﬁ___-_ﬂ_ﬂn_nFI_?
t_wear gogales, ruliber gloves, and a proiective

apron when working with i,

Meulralize peil electeolyvie apilled on elothing with
ilute mmmonin water or o waler solution of loki

savilm, 1T L.Bokek =p. Gar. acnl geis E'Fﬁiﬁ;ﬁ:':iﬁﬁ?u_"ﬁ

‘with elean water first, then neutralize,

I medi 18 spattered into the eyes wash it ool gt sonee
with_plenty of clean water_only. Next, seek medical

aid il _the achd was concentrated or i discomfort
comnlineesE.

IMPURITIES

Colorless hiquads like gasaline, kerosene, turpentins, anti-
frewon, ur oarhon tetrachloride (fire extinguisher fubd) are
samefimes misiaken for water and added to s battery. Gasos
line, kerosene, torpentingé and some other liguids lighters
than waler, and which will not resdily mix with water, will
float and can be prmoved '|r!| ﬂnmlillg pacli el l-'-il"'l'!l.lﬂ':-
with water to fBow off the impurities. Alter this, the gravity
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of the eleciralvie mas be adjusted, Such Nuids in tme often
soften the sealing compouml and the resalting mixturs s
diflecnlt 1o remave aobess cheaned off promptly. Solable
ligusits Tike sea or sall waler, vinegar, aleahisd or hormiul
arids such a= nitric, hydrochlerie or acetic acids will ruin
the halierv.



FPART X111

SERVICING BATTERY IN CAR

Looetl Ballery servie iz shoubl incluile |hl' fallow Mg &= re
Peiriinia:

n I"ll-l.'l.l!l' ol tivie Fomder tovar for Rr F|:||l1h_

Clean bottery top with a giff brushk, being carciul

not fo scalter corrosion prodocis. Wipe ﬁ' with &
i |u||| wirlbisl withy -||:|||||.-||i o akF II;JLi:|;_' 1..-||'|;|_ ir| wHler., |'.i||-;|=|'!,'
Wi with n cloth with clear water.

& liepeed cables — wrpe meplacement if onserviceahle
Imspect the Iopmingl posis to see thal they am nob
delormed or broke,

ﬂ LBean the batlery terminal posie and the insde sur
laces of the terminal elamps to a bright metal sur-
Fiica, h-lll!']lf"-l’ r they ane I-"|i'|||l||'r| Lol 1!|i‘ wAEilEL =|,|_r|';||;ﬁ.

with mincral prease or vaseline before the terminals are
oy ||l|:-r||'r|?'|J_

B bispovt evnalle ami naljust hold.downs. Urge replase.
menl i wreervice; lidis,

E :"-I..ILr l‘l'l. |i:||-|| 1EEEE T '||'. .||_-,lrn|l T.; s,

Il anlv o hvdromeler i ax arlabile, dnd 1f the f_lg-_-lrn"!;[.;
bevel = b liow for the test, GBI the eells to AT el with
waber andd harge the battery sulfwientls o mix the slectro.
Ivie, or request the owner to Felurn the follawing dav Tar
[ ] |'|',||'| L,l.n:;.

Aclel wale Lo liring e n.'|l'1'!r|-|_'| to lewel Lo the proper

piami, it aviail averillfie. See sscHon af "nier.
F
pagr i |

FART XIV

TESTING BATTERY FOR SERVICEABILIBITY

INSTRUMENTS

Tesling a bajbery for serviccalality requires the use af in-

abrments of | Ir|||l||':-||II neal e iErasy,

A Hyalraaneber shisuld be graduated o resil feem 1060 i
L b praduntions of 005 specific gravity, The grad-
iwated markings should be nat bess than 1, ioch apart snd
accurate by within {8E2 Sp; G, The graduated pastion of the
siem =hoald be about 2 snches ling. Clesrance betwesn foat
and barpel, at seablest diameter, should be & minimoam of
L% inch around all sides,

A I:l.1|:|'£'| Thitrma tivi ahoield he of the METCHREY .7|||-P|m
iype, have & seale reading as Wigh o 125°F. anad be de-
5.=I:Ill.'l.:| f-.-r i over & J=im h ||| b :.n|r|u'rl-;;|.r\-. A. -.|,|.i:|_|l|h!;'
duiry-type thermometer may prove satisfactory for the
JruTR,

Shap electrbon] melers frr batlery jesting should be securato
within i pereenl over the entive seale yange. Lalworatory
meters should be geourate within U ol | percent over the
e 'I-I'Jlr' ramnge amil -||-|:-1|||! I‘u- -|[ !hl- |1--| e |_'||J||'_'|'_.|'|
LI (1T ol Iy pe, the valbmeEes i|1'|"||'|.|||||. Ieeine ahiebded
from axternal magnetio felds.

A pand Yolimeter ghpuld have a 3-volt seale in 0% wadi divi.
sions anid be accerabe be owithin 195 over full scale far
I A E ;I.-_|,! el vl Tl .|q|:! niE & _-u_uh_- COVETINE 15 |.|r'.|_ i||

Jdwvolt divisions for testing overall haller volteps, The

regislanee of n good volimster s af beast 100 ahms per wili,
A purtable type 1LE. volmseter of a1 least 100 shms per valt
=emedivily, aciurale [o ab least % and havine o ranee ol
15071578 valts wonld s walisfa Lisry [ar pee u|.:|1-- Irsd wotk.

A par tmbile l'l-rll"' ILC. Amioeter aecurale In al beast 1 per-
cenl, with scale FHFIED al Hdh 25710 EL aficl usesl with
an extormal 500 nmpere shant (o oldam a 500 WIFERE A,
wisitld b sattslactory far novurate et work.

OPEN-CIRCUIT VOLTAGE BATTERY TESTERS

The apen-circuit voltage of a hattery will vary slightly with
the specifie gravity of the clectradvie in the s ividund cell,
A sensilive volmeter can therelore be provided with o scale
which indicates equivalent specific gravity or state of charge
and can be weed ae o sort of “elecirical hydrometor' undeg
|'I'T[||ill 1:-:-I:1|i|-ll.'|l‘1-. :'-lul_'h i||~|r||r|||'||1.. g !|,;|_l.'i_l- i _-|.|-|F|,1r:,|,.|-|
acale ¢alibrated Tor eacl lril.:.r:l!l' fialls .i_'||r.|'|:|1;-| jLrHN i||,I ik
= vaerielan Tactor mues be used if the oells :1.||- .:n'i;i:l.-lhui 1]
any other fully-charged gravity. For example, such 0.0V
melers, an ardee b e pelinlde, mmasr elidier Tie o
bratierien and/or cells whose fullycharged gravity s that
far which the Tsbrument s clibraied. or be wed with u
correcton lactor of 0] valt equnls 0710 speeific gravity.

I b.|;|1|:|l|l': 1.260 ﬁlp. Gr, = 210 Y als /el
Yalt Battery

= &6 Volts ' 12V 0k Batiepy

6.8 Vlis 6
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BATTERY TESTING CHART—Fig. 30
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coshareAanhai
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[ Crodied baa poriition,

OF CHARGI O
PN CIRCUIT VOLTAGE TE TTERT CONDITION
145 Bafecy or celli dbawing more Thon 4] Probably poed (&} Aepply romedy gios Tar Ba | abiv
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whpwing meva bas O enraackes

HETE: & — Far Botiwiles hosing sadmal hullychonged speiiBs gravity of 1 2388 ar chove of BITF. e sletiidyle livel sbaald e W4 1" tlsirir wRpld
toni Do waf fake readisgs won ofer odding water, Byl chargs urt] whifon is mleed. Hydromerte nud:hlgl hould b darrecietl lo tenpade
tura @ lwmperoferm gee very T feom BD°F.

HOTE: B = Far limeried witk ip-ﬁ:ij' Fuilly dBaaigmd [ oy anil S wEren abprtalpte ifidice — JOAK T R bl Barar s [IerE CTEL LT
For prapsr chorgleg procedures sster 10 “Chorglsg Sioreps Botiwibed”, Foge 37, ond comsull charglag equipmest manvlactuiir's ipscifeakiani

T Lha kgh rots dhchobge Seiter W
misasdanie with sasulibare | el
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COMMON FLECTRICAL DIFFICULTIES

SHOET CIRCUITS

Tha prusance of shor viuib in Ve sifieg mn b deievadsed by seliching off o8 sleorfyal squipmssd ard, witk fhs grouad sirop conzected, 1applng the
sibar colie wemTal ogabel i bamary il Sporkieg wil be produsd i thers b seiafcatesl short gircesd ba the wliing. By verw Thot Fess bose wot
baid hasail &8 babien mabing Thin e, Drs should chech tha pealbifSy of o studh sviop light o ofter swilch balors pling the eridany sl iparky
& fertain Padicatian of o whaet deoeh. Te detect o eery Wight dhort clocoi, ploce o o recdisg ommeter in e clruil,

HIGH RESESTAMCE

& wilkigae tigp [while cronking) of msaee Than 3 welSy [2710] betean the tiorilag mefer cable urd the oo broms cdn. cowvia Badil ihaeting rvl-qul'd-hlu al
babery cordhies. This s be covesd by poar contocl beteees coble jeemingl ond oo froee, or boteran Sarrp Barmira] oad haltery pei® b dores. valih
rantagry, Troysd, caraded ar Beoksn coble. locome the high reildionoe Ey wonking tha woin maglss with tha igaition off. Whers e ibavrer and Sgaivon
e indpapmaerivd on tie soms tslich, tha high tenslaa wire dram tha mestad ol tha didiarar oo il have o e diaresried tempararily mad greanded
iz praveni danoge ko fhe Igaifon coll. Thia procedure will greeast the sagine liam sinitlog duseg the sanling t), Bepali o seploce campenest cacilag
tha high rwilsloncs or lom & wolloge.
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Nu temperature cortection factor has to be applied to the
gravities indicated by 0.C.Y. meters. However, the instru-
menis cannot be used on batteries and for cells which have
just come ofl charge, as the gases held on the plates canse
the mstrument 1o give a falsely Ingh reading. The instru-
mente are weeful for tesling batteries in stock, bul must he
used with caution an batteries coming intn a station in cars.
Cranking the engine briefly with ignition off or turming on
headbights for two minuwles before testing will resmove the
i eel | surdace tharge | froan the roac 'ill;lu. lrlljng bt
teries stand on open eircuit for several hours after charging
will dj'-.u-iputc the goses fromm the ]|'|n1r1 anal eiahle correct
readings to le obinined.

HIGH-RATE DISCHARGE EQUIPMENT

High-rate discharge equipment b avoilable in 8 variety of
forms. Most of these work on the principle of discharging
the battery through a Axed resistance, for aboul 15 seconds,
anil FEERITINE IEL' battery and for cell voltages while dis-

charging at @ high rate to determine the eranking abality of
the Jul!l:vr:rf.-.

The tester meter mus hove 29 acouracy over the entine
scale rangels i, The tester should be r'l.pn!}]e of discharging
the battery as a unit and measuring voltage as the critorion
for ]u'--'lr:q.: oE !ailinE: the t:u_llcr:c,

BATTERY TESTING CHART

A stepby-step procedure based on hydrometer and volt.
meder r-um:]'in;-u = shown in the "T'l-al-llrrg.' 'Tﬂl.'iﬂF Chart' FEE-,
0. Thia chart will o helpful in rendering correct batiery
service,

Recent developments in the design of automative hatteries
have lesl to intercell connectors which are ne honger accesst.
ble for voltage st prods. Therefors, individual cell tes
vultages can no longer b= wsed anid o procedure based on
-;h":'iﬁ‘r,ﬂ'llull- and gyver-all terminal vallage {open eireait
and under load i most be follosed,

PART XV

CHARGING STORAGE BATTERIES

PREPARING BATTERY FOR CHARGING

Wash all dirt from & battery apd elean s terminals belire
placing it on charge bul do not allow dint to get into cells,
H-!'iﬂ[I thee Fi'-'['l-lid level in the cells 1o thes correet level, 11 the
hattery is extremely cold, let it warm up before adding wa.
ter ws the level will rise as it wormis, When a high-rate fast
Ehﬂrﬁ'ﬂ' i e for «hia I'Elll'lh'_ i muy b= NECEsEATY ba TeTmow e
electrolyte to 14 1o 1 inch above the separators (o prevest
overflowing. This clectrolyte should be retained in a clean
jar and returned o the cells after charging has been con
pieted. The eloctrolyte should Gnalls f-r miljusted e the
picper level with water,

CHARGING CURRENT

Vaer snly Direct Current from a charging source controllsd
s that the rate o the battery will not be exeessive.

Several methods for converting Alternating Current fo [)-
rect Current are commercially available for service station
uee,

HIGH-RATE FAST CHARGING

A lnllll'l'j' LAY Fu chaiged at any rate which docs midl cansa
the F'H'll'{ﬂ:-'t-l: temperatame ol Any ool o exeeed 125°F, amd
does nol camse excessive biss of the electrolyte. This rule
dors et apply to badly-suifated batteries. .&u.rh hinfterios
should be charged al specificd low rabes.

High-rate fast chargers are wually constant potential mn-
chines of vory high current capacity so thot initial charge

rates of 5000 6} Ampeves are common for 12-voli batberies,
while For fevoll bntberies these rates will be diogliled,

High-rute fnst charpers built {or handfing loth 12 and
vl lalletie=s require enre Do insire that the [rupue sl
ting is wsed for the purticulsr battery invalyed in order o
avoid demage to the charger and the battery being charped,
Where means are provided and are uged to ooitrol the tem.
porniure wid violenee of gossing, it b practical 1o boost
normal batieries in this way, Some of these chargers are
equipped with a timelimiting or temperature limiting de-
Wit 1[-“ profect the hattery from execsding temperature of
1£a%F.

High-rate cha rgees cannol b expocted e fully *'hi”F"' lsst-
leries within an hour, but they di charge the battery suffic
ciently well 2o thal it can continge to give servies commens
surale with its condition and slaie of charge.

More than one battery, either all 12.Volt or all 6 Volt, can
be charged on high-rate faet chnrgers. When this is doae
connect the battecies in parallel; that is connect positive 10
|thi!i'l-"l‘. anil megativie 1n ||rg_l[il.'r~. Befer d0 the {“hn.rgm-
manual for detailed ipstrections,

The high-rate chargers can milict irceparabie damage on o
||.:|l1-r'r}' il the |-|Ir1‘,'.|1luir'-|[i Fovided }.:, the mamulactures s
ipnored or ul'rrumwnlhf by the opirator. Opersting in-
siractinns on high-rate charpers, a8 issusd by pach manus
fnchirer, should be carefully followesd,
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CONSTANT-POTENTIAL CHARGING

Constant-potential char start the charge off a1 a high
rair, mriF::; the 1nalbn[j!:::rﬂ!'|lnm builds up, the charge rate
tapers off to a lower value dopending on the design of the
charger and on the condition, age, and temperaiure of the
Lnttery, A batteey bn E::m-‘l: condition ks not harmed by this
type of charging. A badlysulinted hattery, however, may
ol conme U e gl.l.ll-rhargc in o normal way an this tvpe of
charper. Temperature must e woiched carefully with this
method ol charging as i1 may rise veev raphlly,

CONSTANT-CURRENT SLOW CHARGING

The constant-corrent methad of charging i the old aml
well-established methad for ch-:.rginggbu-'llﬂiu where the
indarnnl cell condition is not known and where & diagnosis
of trouble is being made.

Connect Lhe itive bead Tromm the charger to the positive
terminal of the hattery ond connect the negative lead to the
negative tepmsinal, 1 soveral batteries are being charged
serees, they shonld be conmecled [rain the pﬂ-lllhle lirminal
of ome 1o the negative ferminal of ancther so that when the
row ol batteries = connected, theee will be g positive and a

tive battery terminal feee for connecting the positive
and negative charger leads respectively.

The positive terminal of a battery is usually marked with a
M e PT o PPOS™ and it has a elightly larger top diam-
pher [ 104,71 than the negative (37§, A wafe mabe for bench
charging is | ampere per positive plate per celll For exam.

Ie, gl IF!IE“EI'_I,' E\'iuf'l mlﬂﬂ |'I:']r cell, 5 of them woaonld

e prostives, so e chirge rate would be 5 amperes for 1
battery, If several hatteries of different clies are being
charged im sories, the pate fir thee line muzt e determined
by the smnllest battery in the ciocwit. I necessary, it s
congidered snfe 1o leave batteries on charge overnight al
sme-hall the day -time rate of charge.

Watch tempernture of balteries carefolly and if the tem-
rature of any ane of them ceackes 125°F,, lower the rate,
Hecteolvie will expand and the Biguid level rise due to hea
and displacement of Baguid by gos bubbdes forming ot the
plotes while the battery is on charge.

Hydrometer readings should be recorded hourly for each
cell of anch baltery as soon s it roaches (he fully
charged stnte. A holtery = fully 1'|1arp:?w|1m the cells are
all gassing freely and the pravity ceases to ri2e for thires
suceressive romlings takon ot hourly intorvals. Excessive
Fﬁaflr-,u of the electrolyle may cawse e liqoid bo exhibit a
aleely Jow gravity due to the small gas hubbles displacing
the hBguid, so allew the gas bubbles to rise to the sarface
of the liguid in the hvdrométer borml efore reading the
hydremeter float seale.

At this thme, the charge vollage, whibe on charge ot the 1
qmpﬂq-pqlrapi;lsiﬂw rate, sl |:r|-.nr| upan the inmperainre
and the age sod condition of the cells, A uniform charge
voltage for all of the oells in any particular hattery &= a
condition b le desbred — n subnormal voltage of one of
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the cells may indicate 4 defect such as a broken ELu:mr
or mm internal ehort. Stop charging any bat when all
cells mre Flﬂil'll [mrl]r il Fmﬁl_\' will nat rise further
when tested at three hourly intervali. Most Batleriva can be
recharged at normal rates in from 12 to 16 hours, Excess
charging is wasteful of current, d water, and is
harmful to the positive plates. Do not stop short of the fully
charged stute, f:-:wr"-'r.r. ns outlined above, even if it Takes

hoors or ||m|.|;r.r. A ||l.-|:E|:r sulfated '|.h|!l't-b|'} willl mqutr'e
longer than o normal battery,

Unless slectrolvie has beei lost (b apilling or

lenking, it shioulil not e necessary to aeild lo
Battery s iﬂn%ﬁn life. Remember to make the tempera.
ture correclion lor hydrometer resdings, s worm eleciro-
[-{’Ir will rend fow :.nti"l.'l'li:- miight e mistaken for failure of
the batkery o rise noremally in gravity. [t might also be
midabikenly conclilel that the lattery woold ot tahe &
full chnrge.

TRICKLE CHARGERS

Trickle chaggers are effectively used for keeping display
batteries fresiily charped and ready for sale, Avoid cons
tinwous overcharge for long pericds of time, Whenever
such chargerm which have an ootpat of les than one am-
pere are osed, it s very important that they be ased in
strict accordance with directions, sinee continuous aver-
charghivg e an indefinite lime, oven thewgh ol a8 wery
low rate, canm be very destructive to the gridsof the positive
plates, cawsing them to disintegrate, Many wha operate such
churgers turn them off ot night o avoid svercharging,

BATTERY GASES EXPLOSIVE

The gases ii_.ﬂill f_"f_".'_." t‘!lll’“iﬂ: hattery mre a rn_i_:l_.__lurl-
b Hii e ond oXVEEnN gases and will wxp fole with

real vinlenee and spraying of acid i a spark or lame
12 brought oo near them. A room or compartmont in
which charging hatieries are confined should be venti-
]Eh"]n"'“"'t_!im.-lf_mm" ar sparks near vent DpCIngs.

T all autamestive bottery cells small ntities of hiv.
nles oven

drogen pas are givem ol al Lhe negative

‘whien I]Il-t‘_ﬂ-m-:.lti!.-'l-!ailrg! 3 al, 10 meisl therelore
st asspimeil Lhal exp
Jﬂll'r'H'-hl willin the colls st all times, & torch, matel
Jame, ﬁﬁhle-{ cigarelle, or sparks from metal I!igp_i_a

aceidentally contacting the terminals conld eamse g

tinn of the zases

To avoid sparks, do not disturh connections be
histtirins w |iF4']%:ﬁi-n|::_ﬂ-rnt lirow switch <00 ot
1

charger. The s iy of ignition of hivdrogen l.'l.?]'_.lj:

stalic 'ehgéj.{_:iﬁ@_'{]__-_qnuﬂu]nted on e car, or on ones
geeson, mnd discharging near the vent openings can be
erinimizcd i, lmr.l__bgﬂp%:}r-'lwﬁm warking on_the bat.
tery, a metal rod or wire 1= touched to the car bumper
anal b e ground,

..11!"" inll_rrmnrr l?f'l: of o “Dooster™ hattory _t_q:__gtg?_ﬂﬁ:j!r_,
whien the norinal hatler il-_in.n_ uate preseeds de e
exaplosion Tueard, To nﬁllthn"ur':llfl:g;l Thnzard the Tollowing
|.|_-:r_n:_-|.'¢ﬂnu s :||:|EEH-I=:].




l. When possibile, wse equipment with a evwitch in the line
1:DIII11.'\'I.'|.iI.I.!£; the booater watlery o the installed I:Alqr_r,

L Always “rock™ the conmector clips to lnsare secure grip
contnct.

3. W anly jumper cables are available, slwavs wocirely corl
nect the imstalled battery first; and when connection is
mancle with the *heostor™ liallery, exemncise extreme care
in the handling of the cable clips. In disconnocting, al
ways break the consection st the “Booster™ battery first.

PART

FACTORS AFFECTING BATTERY LIFE

Another source of explosion lies in the reverse con-
nection nl'_r'lm_hm_:-_q_l._:irmmL T'his hazard iz present
with all types of chargers, bt particulardy in the cose of
the High Rote equipment. Tt ean only e eliminated by
airelul cheeking of the conmsctione: before |I||r_.l,ul'||'|s ihe
o raling -u.-il:-|:.

I for ony reason_acid electrolyie should be spat-
H‘r‘ll_'ﬂ in_the eves, wash 1t ool immedistely with
copious quantities of clean, cold water cupped in
the ilgli-]_ﬁ. Seek medical afd 3T discomfort coniinnues,

Wi

OVERCHARGING

Charging a battery greally in excess of what is redqitired
barmiul in several ways, an follows:

Severely corrosles the positive plate grids with conse-
guent mechanical weakening and loss of electrical
aomllizeEnmn.

9 Denumposes water of slectrolvie into hydropen and

GXYECA gaR, ‘.f.t' ||t|l|!||r|l|. tend 1o wash active min-
torinl froomn The plabes e corry motsture and acld from the
rills 35 & fine mist,

9 Decomposition of waler beaves acid mose copcen-

tenied. Coneentrated seid is harmfol s eell com-
peenenls, partbcilarly ab bigh temperitures sver s prolonged
perid of time,

9 High internal heat & eremted, which necelerates the

ilve mentioned  corrosion of pogitive plaie grids
anil dainoyes separators and megatives. Al=o, containeis
may he softened and distoried and saling compound dis-
plaved.

n‘n'l-rl'mlg"lu wlone ar in combination with a pre:

vious condition of umlorcharging may cause severs
bisckling ane warping af pEwitive plates with BEC ORI
perirating of separators,

Moy couse damage by coreosion o cradle, cables
nned iher vitn] electrical and engine parts by forcing
liquid from the colls if ehnrgs rales ire sxcessive,

UNDERCHARGING

o A lattery operated with insmflicient charze over a

long period of thne mny divelop o twpe of sulfate in
the plates which is dense, hard and coarsely ervstalline amd
which cannot be readily clectrachemically converted o
mirrnal active material again, Such lead sulfate. belng bess
dense than the active moterial from which it was formed.
will sl ups steaine in the positive plates so that distorteen
i Tvwing of the plotes, colled Bockling, msy resull. Buck.
ling will b prodoced, especially iF the sulfated batery

suhjecimd 10 sudden prolonged overcharging. as might be
expeficnoed on 8 long irip or by an alegnator or peneratar-
regulator system which has gotten oot of sdjistiment.
Severcly buckled plates will panch the separators ot the
plate. corners or chofe the center of the separators, This
f"-ltl resill in perforations of the separators and develip
a short circuit in the oell,

9 A battery operated in an undercharged condition is
e anly unable w deliver full power, but is liable 1o
frecer during severe winter weather, *

Ing of Electrolyie™, page 30,

a Lead salfate formed on the |l|.:-1n durtng diu:l‘-rl-rnn,r

is relotively insaluble as long as the speoific gravity
of the edectrolyte indicates o substantially charged conidi-
tion, bat 1 allimed ro d Firfn miich below this stale the lead
saffate lecumes incressingly solulide and, nided by tem-
perature Misctuations of the r]ﬁ'llnl'_., be, iy miFr.u[p.iﬁ'.‘l' "
considerable period of time into the pores of the separstors
and doposit as 0 white erystalline mass, Subsoquent charg.
ing may converl thee |'r\_n1.uﬂim|- deposits 1o metallic lead
which may “short™ the positive and negative plates through
tho aress of the separaiors affected, These small shorts ma
cawse 1 condition of low eoll voltage when the hattery ix
charged. For this roason sutemetive battery eells slyonld not
lre @Hrived B0 stanil fdle in a dizchaeped candition,

wection on " Fresg.

LACK OF WATER

Water is one of the essentin] ehemicals of a lend-arid gorase
battery and woder nemnul conditiops of aperation is rE:
oily component of the battery which s fost gs the result of
charging. Tt should be repleced a5 s00n as the Trapuial Bewel
falls to the top of the separators, If water i nob replaced,
nnd the []Ll-tl-n are exposed, the ueid will teach 2 danger
sasly high concentration that may char and disintegrate the
separalors and may permanently solfote snd impair the
performance of the LIH Plates cannod take foll part in
:IIII.' II|I1|EI'I. ﬂl'l;lln i [I'l-"':l: ArE i "'“'IIMt.I? I'ﬂTFII"I:I [.1, rhlu
electralyte,

Sulfuric acid mmst vever be sdded to & eoll unless it is
known 1o bove born lost.
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LOOSE HOLD-DOWNS

Hodid-downs, if nol properly pdjusteld, may allow the attory
to hounce around in the cradle, This may couse thy hridpes
on which the elements rest to nobch the hattom of the sep-
prators ard may cause the plates to noteh the bridge tops,
i'ﬂ-llﬁ-iﬂﬂ, [TE= T i|ilu.rT.ln|':rmﬂ|l af the ebements, b
rumcing of the battery may abo crack or wear the con
tainer badly and causs sealing compound 1o apen and leak
acid. Lesking acid corrodes terminals ond cabiles and oo
salts in high-resistance battery conpectrons, thereby weak-
eting the battery's power and shoriening s fe. Wolds
downa, un the uther F|Fr|.||1|. can be too tight, distort or erack
the container, allowing Juss af acid from the eells, and this
will causes boss of battery capacity,

BATTERY ELECTROLYTE SUBSTITUTES

Mo satislnctory subistilte rlectrolyte has been found for the
u.im.p:]:l mixture of salluric acid in waler. Use no sobstitubes.

EXCESSIVE LOADS

A battery shouold never be nsed to propel the car by the use
of the starting motor with clutch engaged axcept in o great

erwergency, This may produce extremely high internal bat-
tery temperature and damage the starting motor.

FREEIING OF ELECTROLYTE

The ebex |[\||-|:||r:' af a baflery in various sinles of L'hanr' wiill
atart to freeze ol temperatures indicated below, The given
temperatures indicate the approximate points at which the
Frsf Jee Ty sials '|,|.r-_|_:'|n bir it in the eolation. The solu-
tiom does not froess l-|ll|i|'1l until a lower temperature is
reached, Solid [reecing of the electrolyte may crack the
cantoiner rd d.amug:' the ;.l-uz-ili'w p|.:||u=h

A charged awtemetive baftery & in no danper of dam.
age from freexing. Therefore, kecp batteries =t % charge
O mMaOre, e-:pﬂ:i:ﬂly n:|'|.||'.|:|;.'|I winler weaiher,

Specds Grastty Froasiag Tempedofurs
|Caaregind 8z BO*F] Degroan Fohramheit
1.280 —0°F.
1.250 —&2°F.
1.200 —1&°F,
1.150 - 39K,
1. 100 - 199F.

FPART XW¥WII

INTERNAL EXAMINATION OF CELLS

The rr.|rr|ir of defective balleries is not j'l:l!liﬁ'l.‘d. The |1-i|_I|'l
eost of parts and lnbor ws compared b the cost of replace-
ment with a pew baltery make any projected repairs un-
peapemical. Batteries having ||III!-]l'iW\'I.' eavers sealed 1o the
pontiiners with permanent cements cannob in Any case be

upened for repair,

The fallowing discussion in presonted for its informational
value, and is illustrative of some of the points covered in
Part XV1, “Factors Affecting Rattery Life.”

INSPECTION FOR SHORT CIRCUITS

Thiz condition mnf' result from material falling fram the
plates and being deposited in sufficient %nmin i ehort-
circait the plates at the hottom or edges, Or it may be the
resilt of lead growing (“reeing”! from plate to plate
ihrough & hole or #plit in a seperotor, or a rl:-ung'l edge an
a plate may have cut mmupE the separator, Lesd may
have run down during the lesd bursing of ¢ither the plates
Lo the feial slraps isF the canpeetors to the . Buch a
Yrun-down” may not shortcircuil the element ontil later
when considernhle wear hos occarred. One plate or soveral
plates in the element may have “buckled”, cousing exces-
sive wear and failure of separators resulting in & short
pirenll of e olement,
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EXAMINATION OF POSITIVE PLATES
FINELY DIVIDED SHEDDING

Finely divided, even shedding over the entire surface of the
itive plates. Fig. 51, is characteristic of a battery afier
N BT,

Fig. 31—Positive Plote exhibiting shedding ofter
lona service.



GRID OXIDATION

I.m:,g eontinued n'cm-clurgihlg i+ always accampanied by
nridation ol the AL !‘Fil; s sl redduces e metalli
crossspection of the grid wires and weakens the plate, Fig.
A2, so that it s ensily broken wnder glight pressure or
wiliratinm, (her-charging can be corrected only by lower
adjustment of the voltage regulator to meet driving cons
diLiis,

CHUNKY SHEDDING

This may I minnasd ||!.- Lk |'||i|].'11 u charging rale on a sul-
Fated posifive plate. 11 also might be coused h:. the hantery
freczing while diﬂ:hnr;ﬂd. Too high n charging rale would
pr|r|:-u!rl:| b u-':.'-l.||||.|a--:|i|'|:| biv axidniion of the plm [rarme.
Cliunky shedding may alse be induced by viliration idue 12
lopze mounting of the battery in the carrier,

Fig. 32—Pojitive Plote, showing severe disinteg-
ration due to collopse of grid mash, corroded by
overcharging.

CRACKED OUTSIDE GRID FRAMES

This indicates severs expansion due to the positive plates
having been in a partly-discharged condition and having
bt prrmitted bo stand until considerable hardening netion
hae token place. This conditten & aggravaisd by over-
charging afier plates have beoome sulfaied,

HARD PLATES

When the material in the plate is hard when seratched, like
the surface of an unglazed tile, it B indicotive of heavs
salfation, It may be corrected by o long, slow charge, Trom
Ol Lo DO Bowrs ot kalf the sormal rale, unless the sylfate
has becume ton extersive and coarsely ervatallins.

BUCKLED PLATES

Buckling of positive plates may bhe cameed by plates stand.
ing i an 1IIIq|5rr::|m:'|.'.ﬂ| state for & conmideralde poriod of
time, or may be the resuli of exceasive charging, especially
after plates have previously hecome desssly sulfated by
standing in an under-charged state, See Fig. 33

Fig. 33—Severely buckled Positive Plate.

DISCOLORATION

Low eleetralyie level will sometimes resull in the formation
of 3 distinct area or zone of whitssh sullate near the tape
of the Frll"llllil.'l‘ |_||.|.|-.-|,, 'lllil'!l AR I'j_l_ll,ll.l_il:l tiv the :|_i1'_ '|.l.'.|'|'r||I
the area covered by elecirolvie will semain brown in oalor,
Zer Fig. 3. The activity of such & sulfated area is per
il v ill1||.-|i||'|| ] |||i|-u;|_l|:|_ Eiﬁl.‘[rlﬂ'l-‘lf levenl is peslopnd,

Fig. 34—Badly sulfated positive plote rosulting
from low electrolyte lovel.

Discoloration of |-|.-||_r-| with white lead solfage maoy alsa
apipear in elements which have stood for considerabla time
in a discharged condition in electrolyte of very low specific
Fu‘ity.

EXAMINATION OF NEGATIVE PLATES
GLOSSY NEGATIVE MATERIAL

Fuallycharged sponge lead negative material normally has
a slnte fray eilise ail plosses 1o a metallic sheen whan

rubbed smooth with the back of the thumbnaail,
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SANDY NEGATIVE MATERIAL

This may result from operation of the battery when the
alement s shorted, or may be caused h_i:l high-grovity acid

ravabed by hi Bemnpeeralunes, 1f these comdilions of
;ﬂh gravity and high temperature prevail for somo Eime,
the pegative spunge lead may become soft and mushy,

If the material sppears to be sandy when rubbed with the
back of the thumbnail, it moy be due only to a discharged
comlition. This s due to the fact that very ofien wheq a
negative plaie is only pastially charged, the material may
have an appearance similar to a sandy negative, If, after
charging for at beast 24 hours and until the gravity stops
rising (it moy take two or thres ddays), the sandy feeling
of the material Is not removed, the pogative plates may be
considered worthless,

LOSS OF ACTIVE MATERIAL

Laas of negative active material from the grids smny ba the
resill of highspecific-gravity seid, of charging when the
element & shortwircuited, vr of escessive temperature due
tn conlinuous d:lrﬁ:ing al am exoessive rale

DISCOLORATION

A whits discoloration may be dius to the secomulation of
whitte bend sulfate. resulting from low elsctrolyvie level. or
standing in a semicharged condition, Dark dizcolorations
tnay b duge §o zmaall rlnl_:pwih of metlallic im|r1.|r'|l:iri anurch nsx
anlinewyy of copper, of may be dos to the battery: havin

been accidentally charped in peverse for o prolonged period,

EXAMINATION OF SEPARATORS
NORMAL CONDITION

Separators which are frm ot Bexille, i Back in colas
and withoul splits or holes, sre considersd normal.

SOFT OR EXTREMELY BRITTLE

This condition b caimed by prolonged exposure 10 high
temperatare | ahove lll}"F.J. high=specibic.gravity ncic
{ nhoiye 1,506 |-ﬂ-|||linE from waler logs. ar o combination
of bath of these conditions. These conditions usaally turn
the separator very dark, abmost black in e, Microporous
rubber or plastic separators are wsually not so affected,

WORN SEPARATORS

Warn rafors with ribs olmost destroved ool the Tack
weh P pu:r[nrul:d_ HE- a5, are characteristic of
arnion :uii?med o excemsive presure camsed by oekled
plates or excessively-expanded negative material or cxees.
v wilsral bien., !':-urr.mr:trrr deterinrolion mu]l:'lrlE [ram exces.
sivie temperntures or highspecificagovity aeid, will moke
the scparator mlu:I: darker in volor than when the case i=
Fireaaire Do nllakes,

a2

as rator so idized, ribs worn
o ki st g grai nt Tyt
positive plate.

PITTED SEPARATORS

Pitting of scparators results from pressure due to contsct
with Ehrnrrmll active material frem positive or negative
plates. When caused by itive mngerind, the plting stars
o the pillilew] 2ide of the sepnrator and may shiow dark.
colared, carbonized Bpls. When duoe ko negative maberial,
the pitting slarts on the side of e separalor in contac
with the negative plates and is often choracterieed by o
“worm-holed™ appearance due to movement of loose ports:
ehis of active material,

FRINGED AT BOTTOM

This may be capsed by cxcessive wear s te uckling of
positive plates, or may result from oxidation of the sep-
armtars by ithe shedded positive nctive material

Fig. 3&—Severaly-notched seporotor due to vibra-
tion of loose aloment, or battery loose in oradle.



NOTCHED AT BOTTOM

Motches at peints where separators rest on the bridpes
indients either looee listollatbon of the !ul:l:er:.' GF CROEEZEVE
looseness of the element o the cell compartment allowing
separaterd bo chofo on the |||ri||%;|_1-g. See Frg. 36,

I thes :llltli'f!l was lwiese fn dhe car, the ootsdde of the Ci-
tainer may shaw phrozion whore i1 came in contacd with
the battery-carrier sappeds, [T the conlaiper does not show
stich alirssion, il ks jossible that the clement wis assembled
too loasely in the cell without shima. Excessive and pro-
Iongesl wibration wan slie e this condition in correetls
meaemleled and instolled Batteries,

EXAMINATION OF COMNTAINERS

ABRASION

I contpiner shraston i moted, Fig, &7, 01 is 0 sure aign
that the hattery hns not heen securely hebd in position. It
s thon probable that the resulting severe vibration has
seriously damaged the elements and possibly caused cracks
in the eontoiner, This condition miy nl=o have caupsed
plates 1o wear deep notches in the element rests, Fig. 37, or
the rests to have worn deep notches in the bottom of the
pepninfors, Fig 36,

Fig. 37—~Container worn by lease hold-downs,

PARTITION FAILURE TESTS

If the Deattory B giving troulde and requires repeatnl -
charging, even after pdjustenent of the charging system,
and the fully-ohorged voltage of cells while oin charge s
ariform, lest for cracked or porous partitions,

If twa adjacent cofle lonve grovity renddings considerahbly
lower than the otbiers, it is o faicly good indieation thal
there is electrical leakage between the two eells, The posi-

tives of ane |r|l_ atial i ||J,l|_r.'uli'|'ﬂ al “'|I: nexl, 'I'“-'H:]'lllFl"
against ¢ach ather,

CONTAINER LEAKS

Extesnal leaks or scopape can often b deteicted by fnspec.
tion: of the hox walks. 1f in doaht about a leak on the Lt
tam of the hox, wash the battery all over, dry it and set it
wn & clean dry prece of papor on g elean, dey board, whoee

u leak will produce & wet spot,

DISTORTION AND BULGING

Holdwdowns which are too tight may pall containers cut
of shape and cause sealing compoind 1o sag and crack:
High sesnperaturcs experienced in under-ahe-hood loeations
will apgpravate distortion sod sy permit bulging of any
lang, umsupporied cell walks by the constant pros=ises of the
weight of Baquid in the eells. The materials of which con.
tainers are maode bocome softer when heated to |-|iu_1|. tremi-
prraturcs, anil may distort under g stondy prossire, sven
I|1uu|:_|| it b asmall,

Fig. dB—Element rests severcly-notched by vibro.

tion of loose ll:mrﬂ or bottery loase in
T



PART XWIII

CAR GENERATOR SYSTEMS

The ahermator or generator ie the source of all electrical
enorgy in n vehicle, 1 supgdies power for the ignition,
lights, hester blower, radia, air conditioner and other ac.
cessuries, The batlery stores some of the generated energy
it chemical Torm o be used when the peneraling sysbem i
net running, The battery is not the source of electricity,
bt only @ starnge resevvoir, In siorting, for instance, the
battery supplies the encrgy, but as soon as the engine stants,
the geperating svetem should start 1o replace the electricsl
ENETEY remioved from the hagtery, This is natorally de.

nibenl on the 1'..1]u|"rlg, of the alternalor or penerator an
the connected lond. The capacity of the alternater or gen-
erator mist be sufficient te carry the eamplote connected
load of the electrical syetem, Original equipment batteries
nre selested with safficient capacity to crank the engine and

supply enouph checirical énergy for the ignition system for
starting the cngime,

Ower a period of years the uses of electricity for powering
pocessories have increased considerably. develop
ments have brought shout changes in the generating aye
tems, It has, for the most part, caused the DG, generator
o lecome absolete in fovor of the slternstor. It became
impoesible to design o DL generator which would have
any availnble putpait ot Wdle in a machine size thal was
practicable from an eeonomic peint of view, Some of the

main dilfermees between abiernators and DLC. genorators
are isted below:

1, Rectification on [0, generators is pﬂ'.wmpﬁnh-ﬁl 1!:| e el
al m commulatisr, On H‘H altrrnator thim is accamplished
by use of silicon rectifiers.

2. Field and armature are transposed in the DU, rator
amdd alternator. The feld rotates fn the n]lﬂnﬁwhih
the field is stationery on ihe D.C geperator, Conversely,
the armature rotates on the DAL generator while &t 18
atationary om e altermatar,

3. Brushes carey Tall Iond current on the DG, genecator,
bt only ficld current on the alternator.

4. The aflornator weighs considerably lesa than the TLC,
eneralor. This is doe malnly bo the elmination of the
cavy frame necessary on L, generators,

Pl

Alternators are maktl-pole machines, while the standard
outomotive DAL generators are iwo-pobe machines,

6. Control systems for the altemmator dilfer somewhat from
those of the LT geerators. This & cxplained in ihe
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various service manaals sapplicd by the aliernator mans:
favturers.

ALTERNATOR AND GENERATOR
REGULATORS

The development snd refinement of the common threeomi
regulator ecame o necossity for reguolation of a charging
syatem weing the DL, shumt penerator, This regulator con.
sigts of a circuit breaker, volinge regulator and currem
regulator, When the generstor is opersting at charging
speeds, the cirenit breaker conmects the generator to the
battery and when the pencrator slows or stops, it opens the
circuit to  prevent l:tr hattery  Irom discharping  back
throagh the penerntor. The corrend regilalor unit profects
the generator from excessive output by limiting the current
to a value eonsidered safe for the generator and for which
the grocrator was designed. The voltage regolstor wmit
operaltes i the same manner as the corrent reguletor. bot
i sensfitive or epecates with respsct to valtage rather than
currend and Timits the voltage 1o o value which is safe for
battery charging and safe for the other components in the
electrical mystem, y

Mow that moet antomabiles are ading the alternator ig place
of the TLE, generalur, regulation has shown considerable
change, [nstend of nne common type regulator there are a
minliatede of types. The disign of the nh";'id"ﬂ:'r is such that
it does nol require a currend regulsior, alternator s
self-limiting in its current ootpul, abe there i no actual
requirement for a cirenit breaker, The rectifier assembly is
s conmecled Bo the subput terminal that a properly con.
nected hattery cannat discharge back to the windings. The
silican rectifier = a device which allows current to Dow in
one direction, but blocks corrent flow in the opposite
directinn,

The anly fanction of the l'l'ﬁ_II!lﬂlrrli-}'hll‘ﬂll used with alter-
nalors i o Prn'l.-'ld-r' eontral of lhe- nu!puﬂ '|.'n-1|:||.;|]'¢ ‘fnr pra-
rection of the battery and electrical companents.

¥

BATTERY AND REGULATOR SYSTEM

The life and performance of the battery are so greatly in-
Aucnced by the regulotor that Bt Te vitally nocessary to
understand how they depend on each other for satisfactory
opeention, What®may appear to be o battery fatlure is aften
altribatable to 'rr'p:urllirr which has nol hessi praperly
ailjusledl. Unless the regulator i3 known fo be in a satisfoc-
bory eperaling ition, il may not o car from et
tery troubde to install & new batiecy. The [llowing facts
coferntng this cleas relationahip etween battery and reg.
ulator should be carefuolly studied,



Fact No, | — The Battery Is the Basis of Regulation HOW BATTERY VOLTAGE VARIES WITH CHARGE
By “regulation” & meant the control of dlecirical pressure RATH AWRD SEATE OF RGE AT BOTP,

bk - nondln i - AS INDICATED OMN CURVES ON A
ivoltaged and currest fow | | in the r
l;:rﬂrlﬁe = i i T2-VOLT SYSTEM

The lrattery, generating unit and regulstor must work us @
tenm, The battery's shility o resist charge increases as the

batlery approsches fullcharge amd decroases when the i

battery becomes discharged. Wo eall this battery charae- its -

teristic “oownler voltoge™ or “CEMF® {counter electromo- E 5% -

tive force). This behavior is vitally important and gives us = el _

a full statesnnt of “Fact No. 17 = The Battery r;.{_l,;uhm g =

The Charging Syatem By Tis Change In Counter Voltage. e ?al"'_'

Fig. ¥ points aut how the “CEMF” nffects battery charging. i e = S _
E 4B — —=

The chart is divided into two aress — a white srea and & IE- TR ]

grey area. The dividing Tine is at 14,4 volts, representing a e

typical voltage regulator setting or “bmit™ for & 12volt E A

system. Thus the grey zone covers conditions which are a

prﬂ'rnlrﬂ |!]-' the lilll-ltillg action of the ri,-g_uiuh.;. while the |&. FILE .-'"'J f_.

whits zame is the working area of the battery. Rattery ter- m i [?

minal voltage s indicated on the left of the chart, while the 12 4

numbers alang the bottom represent the char BV SFFenl 2.0

from the abiernator or D.C. generator. The heavy black B B ® 5 30 @ 30 A

lines marked with waricus stales of charge are ealled

“Chaorge Voltage Curves”. These curves tell us what cha rge AMPERES

ralc uﬁl:ullh %:nlh-u al B0°F. may he expected to accept

at various vollages and st variom wates of chorge. To use

the chart, sobect o volinge and move unFF]u picross 1o the

right unt] we inlersecy the chargs witltage for T]'H'J!luﬂ'n-uljr Fig. 3%

statn of charge we are hnlnruhnﬁrin. Moving straight down

from the intersoction. we can’ read the charge rate i am-
peres. I welike, we can reverse (his [r:nqdnl'flllrﬁng with HOW BATTERY VOLTAGE VARIES WITH CHARGE
a rharge rate and roading off the cortesponding vollage. RATE. SHOWING EFFECT OF TEMPERATURE AND
The curves show thata battery in the more discharged con. STATE OF CHARGE ON A 12-VOLT SYSTEM
diticn will accdpt higher charge gates at fairly low voltagrs.
For murm-mq i charga, curve shows thet a batiery in
this comdition will accept imately 30 amperes at 14.4
valts for o 12.volt eystem WH takr e ol higher volt- i z
ages. We cail assume Jtﬂ'g%m that even at higher ' 1
vallages the carrent wos nited to the generator or

ablemator capacity, In the ense of the DLC. geaesator this

5

. =N s =
wenld be Hmited by the regulator, and in the case of the ¥ A
ahernator, by the selllimiting feature of the allermaior Ire = =
itsalf. We have assumed the 'l!lmit o be 35 amperes in ey gl
Fig. 30, ——
w e

As the battery bocomes more nearly charged, higher and
bigher and higher woltages are required to maintain the
same charge rafe '!Tq oliage regulator stegpd in to lmbi
the voltage, se*the chn I::E is reduced, Thus we see tha
a 4 charged hottery ot volts can be chorged m 15

N
4
1
|
15 :
=

-——

[
o
]
if

nﬁ‘r*rm-‘reni;lmﬁf*irqtm
-
o~
\

nmperes; ot full charge 2 voltage of 144 gives only nhout - B0 M@0 3% B0 58
2 nmperes, ¥ I
. AMPERES
We can state this principle of regulation in simple terms by e FULL CHANGE
saving — |F THE CHARGING VOLTAGE IS LIMITED, &l AT
THE CHARGING RATE WILL BE REDUCED RY THE
BATTERY AS IT COMES UP TO CHARGE, This is the
reason that batteries must be consbdered in nny discussion
of regulation, 1t also brings up anether important faet. Fig. 40



— that Affects th
e “t;lmhfﬂtﬂi I-I'I.ﬂ'ﬂ'llﬂlll'lnmr 2

We have soon low moch the STATE OF CHARGE of the
Iun-u[!' affeci= |,-|'|.|rp_;n \u]l:u.pr:- There & another variable
which lise aliscatl a8 moch edecl. That varialde B TEM-
PERATURE. Fig. 40 shows graphically the effects of both
staics of charge nnd Lemperatura on charge vollage, Again
we soncamm aursnlves Irrjlil'l 8 12-vall system.

Note that & half-chorged baery ot 7F. will rpt sorne-
||\i.|||5 in the order of 2 amperes al 144 volte, Unber the
same evnditions the labiery will accepl about 27 a res
at B0°F, and full aliernater or geoerator ootpat at 1F0°F,
Thiz §= a serious matter in actual automobile operation
wince varions parts of por cowntry are suljert fa wiide
varialions In lemjeratune,

The effeet of temperature on regolation is {urther intensi.
feel lev thie faet that the r:'|;|.1|.nll-l'.I ton, |s affected To enim-
te for the changing teneratdnes under which the
Imurr_-.- st per fisrm, regulators have components and chor-
geteristics desizned into Uem o change the sysiemy voltage.
As the ambient temperature decrenses, the charping vollage
B mwreased 1o overcome the higher lattery CEMF, amsl
thus to permil recharging, As the femjeeratione inerceses,
ihe vultmge is vecluesd o avoid overcharging the battery,

Because the limits actually held by the repulator are de-
pendent on the winperatore of this regalstor, i is vory k-
porlant ts conteel it8 femperatore while checking and
ailfiesting. For this season, seeviee instructions emphasiee
that all regulotor clecks and odjustments muost e made ot
*operating bemperature” and under carefully controlied
conditicrs, Seltings made swithout olserving these eondi-
tinns are epratic and difficall 1o reprodice, Falss settings
thus eldained are responsible for many forms of clectrical
tponlibe ruu]liuk: [ram Lo Elif;h ar oo low = '|.1|'|Iq.u.- ot

Siroe the battery i essenfially a chemical product, Tts charg:
ing properties are often sltered by chemical changes in the
battery iteell, Chonges of this kind may be brooght alsout
deliberately by the manufactorer or they may resiull from
bong wee, prolonged operation at high termperatures, and the
addition of imporities, Any signilinnt ch muile in the
l,'ll.“lp-lplﬂlpEE characteristics of a battery will definitely
aflect repulabion and may be sesponsible for early Tailire
if averdooked. Sullation, while nurmal, may be trouldesoane
if it is allovwed te becoms excessive, Since sulfation is: likely
ta peur whenever botterses are nesloeted for = '[-nnE pericad
of time. 1t can ocour in new balleries in stock s well as in
wses] anvs. A battery which i sulfated often will nof sccept
an adequate chargo rabe from the sliemator or gererator,
and rapidly starves (o death on the job. Battery ean
find mo betbor arpument for svstemiatic care of battéries In
stock than the nevessily Tor protecting e vite] charpe
vollage characteristics, A baltery with abnormal charge
chararteristics simply cannot exist under the close volinge

Fimils in n modern automohiie.

This brings us to a third fundamental of regulation;

Foct Mo, 3 — Regulator Settings Must Be Correct
for the Battery and Type of Serviea

We have e how the bottery octually controls its own
1,'|'||r|;¢;' rite when the nllllp;vr. rrpllu.l.-n:r Timmits the r'lurgl':
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-..-n'lu_-!r, We have plss seen how much the I.th.I"I']' chu.rp;f:
L'.'.Ilup:—. amel the regulntor are affected by changes in tem-
perature, Pulting the two ideas togethor, it 58 not difficult
to see Uhat the setting of the voltage regulator is extremely
lmportant, The proper adjstment of the voltage limit on
any wehlcle largely determines the saceess or failure of tho
elecirienl svaten on thol wehicle. &n biworeect 'r-.-lligu:' Mg
ulator setting can camse damape eanging from burned-out
lights and damage to the ignition svstem, to complete de.
siruition of the Istiery and/or generating unit, Failure 16
urderstamd the impuirtunce of this matter renults i womneces-
=ary il rﬂ:'r.l}' IETVICE expenss o owners ol mabsmnlive
pguipment. Changes m selting, of eourse, must be made
only by a qualified autemotive eleetrician,

Granting that the voltage regulator setting (s very impor-
tasl. the guestion then becomes, “what is the proper sot-
ting?" The ideal seiting moy be defined o=, “that sctling
which will keop the batiery 81 or neor Toll chorge with a
mdnimum use of water when the vehicle is psed i its cus-
bomary wir,” Such o definition makes il easy 1o see what
et be done, We simply st e regulator within the range
and moke froquent checks of the battery over o period of
several ﬂug.'u or a fow hondeed mikes of service, TF the bat-
tery loses water rapidly, the seiting is tao high and shoold
b redwend, (A usage of | #a 2 oupces of waler per cell per
1AKKE mikis bos been Foumd to b pcoopialde.d 16 the bai-
tery falls below three-foarthe slate of charge, the setting is
too Jow ool shsiald Die raised,

When designing aulomadive squipment, the mannfacticers
sedert o v iape w‘lﬁrulﬁnn wiich will ulllfu.-:l:nrll}' main-
tain the batbery in & h;al[hg- stafe il ﬁhnhr-ﬁr. Thi:{whﬂinrt
is bused an the type of equipment and the type of service,
Becadse of this Hiliﬂﬂ. il wﬂl_nrhllii be necessary Lo od-
just the voltage seffing sutsidecibe “atislsctory™ range
puablislsed 1oy the regulator and car manufacturers,

Since the vollage regulslor s fesmperatarocompensatod,
nonrmal changes in rature do not require thot the reg-
ulatar selfing be modificd, . Al itements of &
constant-duly application ape foreseen by the manufacturer
s that n spevinl voltnge seiting s specified. Occagionally,
diflerent Latiery charscteristics orabiormal aperating con-
ditions do require o modification of the volinge sctting i
maintain the hattery in & satisfactory state of charge. When
a check of the battery, over o reasonable peviod of thne,
shiows that it is being undercharged or overcharged, the
regulator seiting shaakd be checked aecording to the manu.
factusers recommendations, I it & found necessary o
“railar’” the vo setting for that particular application,
wet the umil o ﬂl':'ﬂgu:'lprr :T]um Vil pf the “satisfactary™
range o correct the undercharging, or avercharging. Only
i erineaee cases will it be hmmenm 6 use @ sebting
putside the “satisfactory™ range. “ )
"

(i applications where extreme heat is encountgred, the hat-
trey may show serioos -nwclln:}u:'rﬂ even at fairky low
reoulator settings, The reason is that the battery™s counters
vidtnge or abilily to resist charge is greatly roduced as @t
hests upn. When o thiz condition, the battery is unable 1o
reduce the charging sate 1o & salfe value and thus continoes
Io get even hatter. Thiz condition rmrn'l.lﬂ}' indbcales iho
need for w @il lower seiting of the voltage regulator, or
better ventilntion of the battery (o bathb, [t is wsoally Bet
fer b reduce the vollage setfing first [0 carrect overcharging



as this is sfien all that b requined, @ minimom eetting
docs not prevent overheating, then battery  venlilation
lhr.ltlh.l ]m i H'ﬂk“.lu

When oediuing the vollape regulofor setbing 1o prevent
overcharging of the battery, oane must be taken that the
b:l.l!i:ng. is mol rechurced lselow g sale it from 3 meehanical
slane jiinl; sunulicturer's instructions should be follvwed
in all casez,

I o baliery conlinees to overcharge seriowsly after ade-
quate ventilation hos been provibed nnd the ﬁﬁlngr.— selting
has been reduesl, s Biely ik the baitery lbr:qd:,.' has
beem permoneatly dnmaged by eontinued iverheating and
of overcharging, or hus an intesnnl “short.” In such a case,
nf T, thie nnl:r J'I!ITH"I]F may h-: o W Iu.‘l.ttr!.'.

Minimum voltage regulator setlings may be required for
wiehscles ariven 1:11-||Ii||m.r|.|5|!. at hiy;h spreds with moderate
elecirienl loads, Thiz closifeation waolil ineleilde, foF ex-
nl'l1|l‘|‘. Iru.\'nliu,p. silesinen’™s cars crossscountry buses, and
pme Lrucks. Here the 'pmMom is one of haoldi the finnl
or “laper” chorge rote down to 0 valie wl-ni:-ll: will mat
sepioaly harm ﬁll‘ batiery. The mumber of miles driven
is mare than cuuugh Lix l-uuj.'l the Battery !'u“g,'-rlmrp_n-:l_ il
overcharging is a constant throal,

Al the opposiic end of the seale pre the velicles which are
driven teo litthe, ton slawly, or which encounter low Lal-
tery temperatures regulacdy, When a battery i coobisl, its
enumtor voltage increases rapidly. In extrome cases the gen-
erator may be able to pot linde or mo charging corrent ints
the Lattery st sornul regulator settings. Ratlerios in these
wnits suffer continuously from undercharging and  are
chronio sources of trosble. Mild cases of undercharging
often can T cured Uy higher voltage regulator scttings. but
severe and persistent upiberchnrgin requines pat‘h;&;: T
charging froman mistside source, |E very severs sileeera
climates il s a good jdes to conmect a Towerie rhnrpﬂ ti
the battery of night 1o keep the battery warm enongh to
accept charge when driven in the dmvtime, Applications fn
which persistent undercharging iposd often occur are in-
frequently-mwed  private cops, delivery trocks, wl same
Eyprs of busss. In addition, almast any vebicle not equipped
with a l-rb?i:ll charpe-gl-idle generator will gFive troulide 1f
driven slowly and continuously, as in very heavy traffic.

Summing up, we find that we ean welte Eight Bules for
Crood Regulation which cover the minimom essentials, +

EIGHT RULES FOR GOOD REGULATION
L. Hemetnber that the battery i the basis of regulation:
2, Remember that anything which affects the battery or
regulator affects ragulntion,
3. Birive for low waler-comsumption as an indicalion aof
proper regulator setting,
4. Watch battery ventilation.

. FJTEF all electrical connections vlean, Il'p:l'l'r.I el wlpes
intmi. -

ti. Homember that all regulator checks and ndjustments
st be made ander specifed conditions,

I When unusual service conditions eequire it, sdjust the
regulator 1o the job.

B, Whonever possible, keep o Tollow.up record on the bat-
tery,

Rememulser that deiving habis and the wse of sccessorfes
are lniportant letors in lﬂpiﬂE the ha'l."h:r:,' in r solisime-
tory stato of chonge,

PRECAUTIONS TO BE OBSERVED WHEN
SERVICING SYSTEMS USING ALTERNATORS

1. REVER=ZELD BATTERY CONNECTIONS MAY DAM.
AGE THE RECTIFIERS, VEHICLE WIRING, OH
OTHER COMPONENTS OF THE CHARGING SYS.
TEM., — Hilllr'r:r FuLlri.l.g.' shoold be checked with a
valtmeler 1o ussaire that it conforms to that requieed,
Node which terminal post is connected to ground before
reinatnlling n hatbery,

2 IF BOOSTER BATTERIES ARE USED FOR START-
[NG THEY MUST BE COXNECTED PROPERLY TO
PREVENT DAMAGE 1O THE SYSTEM. — Always
make certain that the [—) negative terminal of t
Tonetor buttery 15 connected to the — ) megnliva er-
minul of the vehicle battery and tha the (+0 positive
terminalks. age conmmted wogeler,

3. CARE SHOULD BE TAKEN WHEN COMNNECTING
A SEAST CHARGER™. — Tt s milvizable 1o remove the
battery groand strop before charging. It is not sdvieable
unider any condition o atempk @6 stad the vebicle E}-
uzing the “last charger™ as a booster,

do DY NOT ATTEMPT TO POLARLEE THE ALTERNA-
TOR. — Ko polarization is required, Any atlempt to do
g pkay resull in damage to the alternator, regulator or
ol reanilis,

- THE FIELD CIRCUIT MUST NOT BE CROUNDED
AT ANY POINT. — Grouoding of the field will damape
the regulstor, Extra care must b= token when wiirking
near. this electrical gystem.

6. GROUNDING OF THE ALTERNATOR OUTPUT
TERMINAL MAY DAMAGE THE ALTERNATOR
ANDOR CIRCUIT COMPONENTS. — Unless the reg-
ulator i equipped with 4 circuit breaker, this terminal
is "™ sven when the system s nit in operation,
Grounding this can cause corsiderable damage.

7. DO XOT CROUND THE ADJUSTING TOOL TO THE
REGULATOR BASE WHEN ADJUSTING VOLTAGE
UNIT O OTHER REGULATOR COMPONENTS, —
Tl siljusting ool should be insulaied.

8 CARE SHOULD BE TAKEN 1N THE USE OF BAT.
TERIES OF HICHER-THAN-SYSTEM YOLTAGE
EITHER TO BOOST A BATTERY OF LOWER VOLT-
AGE, OR IN STARTING., — MNever beawe the higher.
valtage battery in the system. When used for boosting.
disconnect the vehicle battery ground. When used for
starting, disconnect the highervaoliage battery as soon as
vehiclo is startsd,

9, ALTERNATOHS MUST NOT BE DPERATED O
OFEN CIRCUIT WITH THE FIELD WINDING EN-.
ERGIZED. - High voltages will result, capsing possible
rectifier fuiluee, Make sare all connections am secaps,
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PART XIX

ELECTRICAL TERMS DEFINED

DIRECT CURRENT (DC)

A conliswsis, tmiireclional and non-pulsating current pro-
duced by storage bateriea, |1 predivced by a generalor of
rectifier, there may ha some slight varintion dus o com.
mutators of generators, or doe to the rectification charsc.
fetistion of roctiBers.

Yolt- The unit of measure for clectrical pressume or cloce
Iromaolbive :hl:rl:r'. muenzared |-:. Y l.--||-|-.|_-lq'r.

Ampere— The unil of inessure lor current Bow, measyred
By on ammster,

Ampere-Hour—A unit of measure for bottery capocity,
alitained by multiplving the coreent Aow in aeseperes by the
tirne in hoore during which the current Bows, For example,
& battery which defivers 3 amperes for 20 hoors can be
aaid Lie hove deliversd 3 x 20 ar 6 n.-|||---r|--hu|,:r,_

Weatt—Ihe unit of electrical power obtained by maltiply-

ing the ampere: Aowing by the voliage which forces it ta
flow. Watls = amperes = volts:

38

Watt-Hour —The unit of electrical ERETEY slimined by
mltiplying the ampere-bour output by the gverage valug}
during the discharge. Watt hotirs = volls X amperes s
hI'JLlll-\.

Ohm—The unil of electrical reststanes opposing carreni
flaow anel cansang heat when current flows.

Obm's Low—Expresses the relationship between volis,
.:III1F|-|!.'-|"'|- I:IIH.I |III.I|I1 .l|I i |'||'| 1I;| .|| i i|| ||i|_ ll-hr h‘l.l.' moy I:-r
expresaed in Lhres ways:

Valts

A Armperes

Velts — Ampoeres « Dhms

Violts
Ohms

Knowing uny twoe of the three valoes of voltage (Yols),
Current { Amperes i, or Resistance {Ohme b, tha thind value
il B I|'|1I| wakabed From dis il[ I|,|E ;|]|-||v1.'\¢ |]I.I.'EE ﬂ!’_l“l\irll‘ﬂ-
ol the law,

Amperes
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