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THE ASSOCIATION OF AMERICAN
BATTERY MANUFACTURERS

The Association of American Battery Manufacturers had its
beginning in 1924 and has served the automolive industry so
constructively that teday it includes in its active membership
the most importamt battery manufacturers in the United States,
as well as manvy others in countries throughout the world.

The public interest is admirably served hy the Association
through the sound policies established by its members, These
policies have encouraged high standards of batery quality,
have established fair and lawiul practices in sales and service
and have fostered improved safeguards for the health and
economic welfare of those engaged in the manufacture of
storage hatteries.

In addition to the Active Membership of battery manufac-
turers, the Association includes as Associate Members a large
group of companies engaged in the distribution, sale amd
servicing of batteries as well as a group who supply the ma-
terials related to storage battery manufacture. The Associa-
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 Service Manual with considerable
pride and the hope that it will be useful in solving many of your prob-
lems. It represents the hest thinking of the most capable engineers in
the battery industry. It is authoritative—it is simple—it is under-

sla |1r| il.hl.l"..

We are -I'li‘l'lll:.: indebied to the Technical Committee of our .-’i!&-'m"intiﬂn.
and particularly those who have undertaken the responsibility for
preparing and revising thiz Manual to |-u‘1.-|.|- it abreast of the many
battery improvements and refinements as they develop. They have

performed a tedious, time-consuming task in an cutstanding manner.

Our sincere appreciation is extended to each and every one of these

extremely capable Battery Engineers,

THE ASSOCIATION OF
AMERICAN BATTERY MAMUFACTURERS, INC
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PART

BATTERY

CONSTRUCTION

LEAD-ACID BATTERY DEFINED

The lead-acid shopapgs [ atlery 15 an élsero- |H-IHiI'II| dlovice
(1] -.Iill'll'p oTEY in chemical form = that it con be re-
leased as elaciricity.

PARTS OF A BATTERY

The pars of m feonll, 12 vodt bottery are illustrated in I‘IIF. |
and are labeled Tor ldentilieation and reference, The sul
!UIH' H!.'i"l fl""'l“l_‘ | {sd i"' mol "I|||‘“'|1-

CHEMICALS USED
Thr‘-ru- are ruur 1_l|--|'|||i:|| |||r||1ii."'|l1- ill. n |h|:|t|.t'r:|'-

ESSENTIAL WHERE FOUND
CHEMICAL= IN CELLS
Lead Peroxiide Fasitive Plates
Sulfuric Acid Electralvie
Water El= I||||:.|:|'-

Lead Megative Plaies

GRIDS

The plotes of a lead-acid storage battery consist of an eles.
trically conducting g il fenmeework in the meshes of which
ihe active moterials are i||-|'--r|l-l'r:|'|l'\-| b slectro-chemical
TOHAPESIE, These rridds serve o comducl the corrent 1o aal
raan the active materials of the positive and negative plates.
Adi allow consisting essentinlly of lead and antimany i= aseid
fior the gride, The antimony stilfens and strengthens the saft
lesd, The [Mresenee aof all'.'inl-':rn:. alsa facililates casting thi:
fine detail of the wige sir@eiEne { 1he _|_:ri|Is- amd enahbles the
battery weight te be kept te o minimum. See Fig. 2.

Fig. Z—Positive plate with part of active meoterial
removed to show grid strugture,

POSITIVE PLATES

Positive plates nre Alled with lead peroxide active material,
This i= a dark brown « ry sLalline mates 16l which consists al
pory :.|r|.|“ Eraine o I':Illi.r:'ll".'-_ |:|h-'|ll!'r!|ll'|‘l £ a8 o prr.ﬂ.lh i
high degree of porosity in order to allow the clectralyle te
I_H_'|',|'|::||:|' the ]|1.|1l' I'u=|-|g. |- I‘IF '

Fig. 3—Negative Plate.

NEGATIVE PLATES :

1
Megative plates, Fig. 3, are Gillsl with a porous manss of
lead, in spongy form, which electrolyte can penctrate freely,
The active material alse contains so ealled “expanders™ in-
cludedd 10 prevent the sponge lead from contratting and
reverling 1o the dense inactive stake ﬂming the I.i.k- of the
battery,

I

Fig. d—Vorieus Typai of Separaters (1] Beun imprognated Caliu-
lare Fibar Saparstor with Plastly Ribe [2) and [J) Resin Impreg-
noted Fibar Separaters, with and withowt Fibar-Glass Retalner
Mats (4] Mitreparows Rubber S3aparater. (5] Mitreporsus Rebbar
Soparatar with Plastic Ribe (&) Fiber-Olass Mol Seporator with
Mitrapereus Bocking Atsoched.



SEPARATORS

Mo ]wuiliﬁ:- plule may towch = IIEE,:lH\'I! phur or el pll the
plates i the cell will lose ilweir stored energy. Thin sheets
of non-conducting porous inaterial called separators, Fig.
4, must therefore be inserted between the |:||.u|.n|. These in-
clule vesin impregnated cellulose fber tvpes, alss miero-
pordus rubber and other plastics, used both alone, and in
combination with glass fiber miats, as well as fat gloss Gher
sheete with o microporous backing,

Separators have rils on the cside facing the positive plates
to provide preater scid volume next to the positives. for
rieasone of improved eficiesey, nnd to facilitate acid eiren-
latbon within the cell. The ribs also minimize the area of
contact with the pl.n!-'ilivc F-|.1|Er. whish has ® I|'|FF||:|. n::i.li..-iu!
effect on most separators. Glass fiber relainer moals, are
sometimes placed between the positive plate and the scpa-
rator to retard the loss of aclive materin]l from the plllu-
and to protect il separator Trom oxidation,

ELEMENT CONSTRUCTION

In ane method of construction, the lags of the positive
plates are welded together, Fig. 5. forming a positive group
and the negative plates are similarly welded, forming a
negative group. The two groups are il logether as indi
cated in Fig. 5 Separators are then inserted between the
plates with the groaved fnees of the separators next 1o the
positive plotes,

In a second method of constriuction, a stnck of alternate
positive and negative ploles, with a separntor between each
plate is-built wp, with the grooved faces of the separators
again in contact with the positive plates. The lugs of cach
gl of plah.'sl are then welded rn-p-llu-r as shawn i FiF' i,
Eacly group of plates is provided with a post for eonnecling
the elements in series in the battery,

.
The ‘gronps of plates assembled with separators, prepared
by glther method, are called an “element,” Fig. 6. One
Ehh'l.__ﬂﬂ is used per cell,

H-.‘ -
-~
- j

Fig. 5—MNegative and Positive Grou
(Groups of 11-Plate Element). .

Fig. &—Assambled Element
(Assembled 11-Plete Element).

IrJIE'I.'\'I:' II1.:|:| l'H" 16k |!-|1.irr\-|l l|||l||F||'1' 0r ,"n:c uf 'Pl.:lbgl. l,]p:‘d i||
aft element, depending upon low much energy is lo be
stored but there is always one more negative plate than
there are prosilives for ressons of improved performance,
The greater the plate surfoce area used per element the
higher will be the voliage during discharge at high rates
i Ilu-l.l- |-|'r||irr..|l|_|rt"|..

However, the apen circuit vollage of a fully charged cell
rio malter what the size of the cell or the nomber of plaies.
in the element, is anly a little over 2ovolts. The battery valt.
age is the sum of the voltage of s cells.

ELECTROLYTE

The sponge lead and bead peroxide which Gl the Eivi
plates are referred to s the “active™ materials of the hat-
tery, But these materials connot become aciive until they
are covered by a water solution of sulfuric acid called the
“eleetrolvie.” pulfuric acid of the -:Iﬁ'tmlj'l-ﬂ supgplics
the sulfstion which takes place within each of the plate
materials and releases the electrical energy.

The sulfuric acid electrolyte is also the carrier for the slse-
tric current inside the battery between the positive and
negative II-IH!H throngh the rators. The antimonizl lead
alloy of the grid framework of the plates carries the electric
currenl 1o and from the active materials to the outside
berminasls,

The electrolvte of a fully-charged battery uswally contains
about 365 sulfurie acid by weight or about 25% by vol.
umrl;_ This corresponds to & specific gravity of 1270 at
ek,

CONTAINER

The comtainers [or sutomotive batterics are of the ane piece
mulded type, Fig. 7, and are usunlly made of hard rubber,
plastic or bituminous composition. These must withstand
extremes of heat and cobd as well ns mechanical shock and
must be resistant to the absorption of acid, In the bottom

5



Fig. T—Container cut away to show
portitions and slemont rests.

of each cell comparimen! four narrow element rests or
“bridges” are molded on which the element sets. When
p|ulv:- are jerok ided with stubs feet on their hotlom edges,
ithe leet of the |||hi|i1||'l| &l o 1|-|':i|!|]l|'|- 1 anil 3 amel 1he il'l"'l
aof ihe negalive ||L|I:-r1 &if on |:rir|5-,—-_l. ¥ anad 4, This mknd-
mizes the danger of short circuits dues o sediment which
falls Trom the plotes onto the bridges where the plates rest.

The repeated discharging and charging of a hatlery will
glulllldm' wear it oul so that alter a time the aclive material
aof the Il-ll-il';'l-l' ilakes, which consists of |'l|,|:-r|n|'|:|' fine grakns
I | |-I-I|H:i|=|‘. grodunlly L‘Ii'-ihll.‘#r.IIH and loses h:.:!i._ al
contact with the plote on which it has been held, This
boosersod meaterial, unless held in place, is {ree to fall off
the plote and deposit in sediment o [k I‘H'hrl-rh |1Il' !l-riﬂl;l'-.
ol the bottom of each cell, By the time the sediment spaces
fll up to the kottom of the element, the lile of the ool i=
usunlly spent, sinco the shedded material will gradually
form an electrical poth or & short cireuit between the posi-
tivee arml megative plates and will interfere with the charging
and retention of charge of the battery. The battery may, of
course, {ail before this condition socurs for ressons which
will be discussed later, Gasoline aml oils shoull be kept
away from biluminous composition containers as they will
soften the hituminons binders.

CELL COVERS AND VENT PLUGS

Cell covers, Fig, 8, are usually of moelded aed mubber and
Frm ide an acid tight seal, by means of molded bushings,
or the two berminal posts and the intermediate connectioms
which it rude Etllllllhll the eover, | he covers are alsa pro-
vided with vent openings of variows constructions,

There are theee tvpes of one-piece cover battery constroc
tiom: (1) Connectors molded in covers with oponings io
buen conmeclor buttong, (2 receseed for cell commpectors,
(3] one-piece covers grooved te BE over intereell conmecs
timns with the cover sealed on afier all intercell connections
are compbete, (2 and (30 are shown in Fig. 9,

&

Fig. B—=Cell Covers.

Vemt plugs of various designs conperate with the cover vent
apenings to bale the pases and electrolyte splashed and
spraved against the underside of the cover, to prevent loss
of meil [rom the eells,

CELL CONNECTORS

In order to connect the cells of a baltery in series, the ele-
ments are placed in each eell so that the negative terminnl
of ane cell will ke mlill.\.‘rlll b M positive lerminal of the
wexl cell and »0 an !hruuﬁhﬂul the ;uurr:.. Cell commactors,
Fig. 10, are placed over the protruding cell terminal posts
andd welded o them o connect the eells in series. Connectors
must be heavy enovgh o carry the high current pequired
for starting, withoul everheating.

Fig. #—0One-Piece Battery Covers,



Fig. 10—Warious Call Connectors.,
Mew copsliuclion I:I'."I.'hllll]ll.-r- have fwen ..||'|.'|-|'i||_r|;-d wl'u"rrlu:.
cells are compecied In series through the partitions or aver

PART

the top of the partitions prior o placing the cover on the
l‘llllh'ij. This tvpe of construction provides ap a bil-tighit
seal between eells and is o shorter conmoction which assures
minimum veltage loss,

TAPERED TERMINALS

Automotive batbery lerminals are of special design, bein
taperieel to specified dimensions in sccordance with :Innl:E
ards agreed upon by the industry so that all positive and
negalive |J||‘|||f-|_-r:m|||. termminals will fit any eorresponding
battery terminal interchangeably. The positive tsrminal is
slightly larger (1%, diameter’ at the top than the pega-
tive lerminal (05" diameter ) ot the fop so as lo minimiss
the danger of installing a baltery in reverse. The minimuom
length of taper is specified] as 55,

SEALING COMPOUND

Sealing compounds are used to form an avid-tight joint be-
tween cell covers and containers. They are Mends of -
|-|-I”'I p-:-:-rr!m:l 1|;r|1|l|-|ﬂDLLi !allll.'ﬂ-lllrl'\rl- ]l.l'l'iﬂg l-l"'-lrllﬂnl:f o
flow al ]IiFh SWEIMET |f|r|ilF[uIlu[F|. andl resistance ta cFpcks
img at low wister temperatures, In one-piece cover construc-
tion, rigid resin seals are used which are permancnt and
cannat he removed hy heating.

HOW THE BATTERY WORKS

CHEMICAL ACTION OF DISCHARGE

When a cell is discharged by campleting an external clreuit,
ns fn !'“'i'l"IIiIIF an the II,IEI“'\I the sulfuric acid acts on ik
peozitive sail negabive plale aciive materials 12 form a new
clemical comjeind called lesd wlisie. The sulfats i Elijh
plicdd by the aeid solstion (electrolyte) which becomes
weoker in concentration s the disc arge procesds, The
amount of acid consumed is in direct proparlion o the
amount of electricity vomoved from the cell. When the seld

DM THE DsCw Ll

in the electrolyte i= partially used wp v combining with the
plates, the baitery can no langer deliver eloctricity a1 &
sl 'milnpq- ||!||| the '_I.l“i"r} is smigl 1o he rlif-rhﬂ.r!_ll'l_:l_

This gradual weakening of the electralyie in proportion te
Eher ebeclricity -:J-:Ji'-n---f s a very wselul aclion becaise i
allows us to use a kydrometer 1o messure how much .
uscd acid remains with the water in the eheet ralyte and this
information enables us io judge abowt how much electrical
energy is left in the eell,

P IMG THE CHABGE

i o
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Fig. 11—Electro-Chemieal action in o bathery,



CHEMICAL ACTION OF CHARGE

By passing an cleciric current II|rn|-||.t1| the ||-1Irr:«' in a
direction opposite to that of the discharge, the lead sulfate
i decomposed. The sulfate is expelled from the plates and
returns to the clectrolyte, thereby gradually restoring it to
its ariginal :.I_rr.nglh- This acticen frees the plﬂ.h‘.: ackive
materinls of sulfate and they are restored 1o their original
chemical condition, m:!'_p tin aleliver r]:r.lril:'ll::,' ngnin. Hy.
drogen and oxygen gases are given off a1 the negative and
positive plates respeetively as the plates approach the full
charged condition, This s the resuli of the 1|-I‘n'llll|r'l'-llilm
of water by nn excess of charging carrent mot wiilized by

the plates. These gases are highly explosive and pre-

cautions musl be taken o insure that no are, spark,
wr_Mame mmn-hllllnln mzl?:-l wﬂ.}l the generated
gascs. The possibility of explosion is always present
on_cxpusure of the hatlery to sparks or inmr 1
i= parlicularly hasardous al e end of 1 LRI
EI‘I a

CHEMICAL REVERSIBILITY

The must valuable characteristic of the lead-acid storape
batbery i3 its chemieal reversibility. This means that, unlike
a dey-cell bottery which must be thrown away when it e
comes discharged, the storage battery may have an elec-
trical current passed throwgh it in the direction opposite o
the direction of discharge and the battery's active chemi-
cals will be pestored 1o the charged state. Fig. 11 indicates
u-}!lnql ,I.IEPPFM when a battery is discharged, or when it is
chorged.

THE ABC'S OF
SPECIFIC
GRAVITY

Fig: 13=Electra=
Iyte s hsavier
ihas wntar, Whaen
iris 1.8 timas @8
heavy, if by wakd
o be 1,240 Spa-
clfic Grawity™

Lt us suppose we have a simple balance scale, Fig, 12, On
one side we put exactly one pint of water. (n the other we

ut exactly one pint of battery electrolyte (solution of sul.
rf:nir acid in water i, The scale would go down on the elee-
trolvie side indil.':llillF that 1l |'|i1l'|l'1§|:t|r i heavier than
the pure wiaber,

When the electrolyie in o Tully-charged battery is 1.26 times
as heavy as an equal volime of pure water, with both liquids
nt the same temperatupe, the II:nll:ﬂ;-' electrolyte wonhl be
deseribed s ||:||l.'i||;: a "f"hp-w'iﬁl' Giras il'!.'- of 1.2600; imeai
ing that its weight 2 L2306 times the weight of pure water,
When the battery di.-rluan. the sulfuric acid in the cloc
trolyte combines chemically with the plates and the remam:
ing clectrolyte becomies lighter in weight. By determining

the relative weight of the dectrolyte
we enn bell how mioch aeld has com-
bined with the plaies and thesefore
cslimate how mnsch electrical eUErgy
is #till beft im the battery. But actual
weighing of the electrolyte woulil b
inconvenienl, so We 3o instead an
insfrumenl ealls] & Hydeometer,
Fig. 13, This consists of a pglass
harrel and hulb !l:rriIIFE for !-I.btkin!
up a sample of the electralyte to Aoal
an enclosed glass hyvdrometer, the
stemi of which is calibrated 8o rend
in terms of Specific Gravity.

The |!|-||I:h i which the Aol sinks
in the liguid indicates the relative
weight of the liquid compared to
water and gives us o measure of the
specific gravity of the liquid. The
hyilrosweter Boats low in the liguid

Fige 13—%awrvice Sto-
fiom Hydromabar.

if the specific gravity i low and i
Aonts high in the ligquid if the spe-
cific gravity is high. See Fig, 14

The hvdrometer Hont s made of
glass and §= oquipped with & paper scabe built inside the
hydeometer with marks on it which must be reald an a bevel
even with the liguil surface, and ihis reading indicates the
specific gravity of the liquid, subject 1o & correction for
temperature which will be described later,

Fig. 15 ilfustrates the correct miethed for reading & hydrome-
cter. The eyve shouald be an a loevel with the surfaee of the
ligpuidd in thee hydeometer barrel, Disregard the curvature
of the liquid where the surfece rises against the float stem
and |1|r?urrc~|, due to sarface tension. H.ﬂp float vertieal.

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

ard curva-
ture of liguid against
glass ports, Do not filr
hydrometer while reod-
ing. Keep foat vertical.

Fig. 14—

High Naat (left) meons
high specific gravity.
Low floot means low
specific gravity.

Fig. 16 graphically illustrates the relationship betwesn
pilL:- gravity readings and the combination 1:¥||1l+ @i m
the plates En: varioas slabes of charge. Note the distribu-
tion of the acid imlicated by the small Black dots. Also
note the eorresponding height of the hvdromeler Aoat for
cach condition,



HYDROMETER MEASURES STATE OF CHARGE

A hydlrometer of the sveinge tvpe, Fig, 12, ueed to measure
the spreific zravity of the electrolyvte in a cell, gives an in-
dicatinn of how mibch vnoesd sullure aeid romains i the
solition and is therefore o convenient imlication of the ap-
proximale capacity still availabde in a normal cell. For
acearaey, the leguid level of the coll should be ar rormal
height when & hydrometer reading is taken and the electro-
Ivte should be thoroughly mised with any woler which may
hove just been added. Hydrameter readings should, there-
fore. never be taken immediately after water has heen
el The water -J||1Il|:| e ||'Ln:r|'\-|l|.-,l|.|1. mixed 'u'i||| 11"- -
derlying electralyte, by charging, before hydrometer valis
are pelialde,

e i

FULLY CHARGED GOING DOV

& bottery desikarged, ockd
bagini tw kodge & pletes.
Spacilly avesis deopu

dieid Im wgser g'n."l rh-l.'hﬁ'r‘h
specfic grevily of 1,270

N L] T
A L R
L -
LIME&AFE]

Bangry balt digharged, Mass PIECHARGED
ocid in platei, bew In glen Al almo® saileely in plate:,
iredyin.  Srariimg dailere b leavisg wech slsctialyle ba-
ight @ hattery |y aliewsd biad grovity lower,

Emain A ognr

wlnott shar of watar

Fig. 16=—=During di » &8 acid combines with
bath Plate Materials, Hydrometer sinks lower, Mate
thanging position of black dots in illustrations.

The following table Hlustrates tvpical ranges of specific
gravity lor a cell in various stages of charge with feapect ti
its ability bo crank the eogine at B¢ F. with uvitinl Fiall-
Charge Specific Gravity ot cither 1.260 ar 1,280,

1.250 Sp. Gr.  1.280 Sp. Gr. 100% Charged
1.230 Sp. Gr.  1.250 Sp. Gr, 75% Charged
1.200 Sp. Gr.  1.220 Sp. Gr. 50% Chorged
1.170 Sp. Gr.  1.190 Sp. Gr. 25% Charged
1.140 5p. Gr.  1.160 Sp. Gr.  Very litile useful
copacity
1770 Sp. Gr.  1.130 5p. Gr.  Discharged

I reading a hydrometer, the barrel must be held vertically
and jos the right amoont of acid be drawn wp inte the
bareel with bull fully expanded o lift the floal freely 20
that it fouches neither the side, nor the tap, mor the botlom
stoppers of the harrel.

The hydrometer barrel and foat must be kept clean with
sonp and water so that the Aoat will not stick to the sides,
The float nist be inspocted occasionally Tor cracks which
would allow aeid to enter the airtight floan and make any
reading with it unreliable, If the paper scale inside the Aot
= wel, it is an indication that tho foar leaks, amd shouold
il be used,

THERMOMETER CORRECTS HYDROMETER

Mo hydrometer reading is strictly correct until & temperature
carreclion hus been applied. At ordinary temperatures it is
fiel usually necessary to correct o hydrometer reading for
the temperature offect, but at extremes of temiporature the
correction may be important. so the method of correction

will be described,
L) |
HJ --. -
! .

J

——
=

Fig. 17—Thermomater built inte Hydrometer.



Hydrometer floats are calibrated to indieate correctly only
at one fined temperature, [f used in acid at any other tem-

rature, o correction must b= applied. The reason For this
ies in the foct thot the schd volume expands when it is
heated and shrinks when it is cooled. When expanded, dus
to heat, it will nat be s dense and will not raise the hydrom-
eter Aoat as h:'ﬁ1 in the acid, and this will cause the read.
ing to be low, When the acid & coobed, the acid shrinks in

ame and becomes denser which caoses the hydrometer
o rize higher and read too high.

The error dus to temperature 15 well known and we can
easily correct it if we know the terpersture of the acid
whiich surrounds the float in the hydrometer.

A battery Thermometer should be of the mercury-in-glass
type, have o scale reading as high as 125°F. and be de-
bi;unﬁl. for not over a lanch bolk immersion. A smitable
dairy type thermometer may prove satisfactory for the pur-
pose.

In arder to obtain consistent specific gravity readings, draw
electrolyte in and out of the hydrometer barrel several times
ta bring the temperature of the hydrometer fool to that of

F
o~
o H - 32
- & B0
i3 —E_ L
BT + 28
] ==t + 24
'.-'_—- + B2
(k1] z = 20
2ol H1:s EXAMPLE No. 1 —
-y E': i Temperature below BO°F.
H1.'%  Hydrometer Reading 1.250

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

EXAMPLE No. 2 —
Temperature obove BO7F.
Hydrometer Reading 1.235
Acid Temperature 100°F.
Add .008 Sp. Gr.

Corrected S5p. Gr. is 1.243

Fig. 18

10

the acid in the cell and then mezsure the elocirolyvte tem-
perature in the cell Some hydrometers, Fig. 17, have n
small thermometer and a correction scale bailt into them so
that the temperature correction can readily be made,

The temperature correction amounts 1o abool 004 Spevific
Gravity, sometimes referred 1o as 4 “points” of “gravity”
for emch FOPF. |:|1:m5vr o lemperalure.

I'I;Mbr“: mnfg facturers .ll:]jlu.ll: the acid in their balieriea sa
that the specific gravity readings are ascurate only when the
acid temperatare is at 80°F, I the specific gravity reading
is faken at any lemperaiure ather than BO*F. the corpection
for temperature must be made. The correction for temperas
ture is 04 Sp. Gr. per 10°F, deviation from the standard
base temperature of H°F,

Fig. 18 illustrates the correction for hydrometer readings
when the acid tempersture (not the air temperaturet is

|:|'|h||'|||_' i IlEﬁ FII']"' =

The reader shoulll mte how miskeading a hydrometer pead-
inE can be ol extremes of temiperalure unless the lemperas
ture correclion = laken into asesunt.

In example No. 1, in cold weather, a deaber might install
a partially-dischurged battery at 20°F. in a car if he relied
on the hydrometer reading alone, since it read 1250, in-
dicating nearly full charged if at 80°F,, but when the
temperature correction is applied, the true valoe is only
1,236 which corresponds to a substantinlly discharged-hat-
tery. The installation of a battery in sach a true low state of
charge in o car in severe winter weather would probobly
result in starting difficalties doe 1o further nndm.'l'lu-rgiﬁ
in service, with early return of the battery for recharge a
customer disaatislaction.

Example Mo, 2 might be encountered during very hot
wealher when o new battery s deliverad to a dealer. 1.235
Sp. Gr. might imlicale too low a state of charge, but cor-
poctel L 1,243 ﬂp. Gr. 1t 1s mot Illll"l"l'l'lllrl-llll:r loww if it has
been enrcute several doys at high temperatures, under which
comditions it will have lost several points of gravity per da

by normal self.discharge. Saw "ﬁalf-lliuh:rgr.“ page 1b.

Sometimes o low grovity reading of a bot battery while
charging will be misinierpreted as & failure of the hattery
to take & full charge, but application of the temperature
correction may show the battery to be fully charged. Atten-
tion is called to the fact thot gravity readings may be mis:
leading if taken just alter & battery has been d.i!ﬁ.!EIl'gl:d ak
u high rate, such as prolonged cranking, This type of dis.
charge weakens the acid in and ndjncent to the plates.and
until this weak acid has had time (o diffuse uutwarﬂlr and
mix with the remaining stronger acid in the cell, the gravity
readings of acid taken at the top of the cell will be too hi il
and indicate s higher date of uimrge than really sxists,
acid will mix slowly if the battery stands idle for several
hours, or the mizing will be more rapid if the battery §s
charged and the scid mixed by gassing.



PART

BATTERY CAPACITY

BATTERY SPECIFICATIONS

Lomplote battery performance and capacity specificalions,
together with detailed test procedures, are sulined in a
separale publication entitled “Battery Specifications,” as
well as in the curresit edition of the l-.lq"'.ﬂf Bk of the
Storage Battery Manufacturing Industey.”

Bath of these publications are available at the office of the
Associgtion of American Battery Manufacturers, Inc., 19
North Harrison Street, East Orange, New Jersey,

VOLTAGE DETERMINED BY NUMBER
OF CELLS

The “open eircuit™ vollage of a fully charged eell s 2.10
valis for acid of 1,260 Sp, Gr, This is tree no matter what
the size ol the cell, sinee it 1s a Fxed characiorisiic of the
chemicals used in a battery and the strength of the elect ro.
Iyte employed. A 12-voli battery js therefore made up of six
“Lvolt”™ cells, and & &-volt battery is made up three “Zvolt™
cells

The valtage of o eell “un ilischarge,” hawever, is influenesd
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 electrolyte temperature, the design and condition
of the battery. The average woltage of a cell oo discharge
while cranking, at 8°F, may be about 1.95.volis, whereas
at 0°F, the voltage may be aboot 1. 4-volts per cell, Gen.
erally speaking, the lorger the cell the higher will be (he
cranking voltage under any given set of conditions of dis.
charge rate ;...5 temperature, but it will never be as high as
the apen circuit voliage of the esll

Fll.utlr:!. vollage on dis harge 1= affected by the concentration
of the aeid maintained in the pores of the plates, As soan as
the acid in the pores is used up, by chemically combining
with the active material of the plate, the voltage drops unbess
fresh acid outside the plate can diffuse into the pores. As
the dischurge procesds, the acid outside the plates bacomes
weaker and the jlale materials become salucated with sl
fate so that it is increasingly difficult for scid and onussd
pate materials to bo brought together for further chemical
actinn, The voltage then drops to a value mo langer effective
in delivering welul current to the clectrical svstem,

In coll weather the viscosity of the clectrolyte increases and
slows down the diffusion of the acid inlo the p]ll.l.r: pores and
through the scparators. Although changes in open-cireuit
veltage are insignificant, the vollage on ischarge decregses
because there are changes in the nature of the slectrochemi.
cal reactions ns well as bowering of the voltage because of
incrensed resistance bosses in the electrolvie and separnlors,

The voliage of a battery on I'I'I-II'%C' will be discussed unader
“Charging Storage Batteries™ on Page 27, and under “Alter.
nalor and Geperator Regulator™ on Page 34,

CAPACITY DETERMINED BY
PLATES AND ACID

The capacity of a battery depends upon the sumber and
size of plates used per cell a5 well as upan the weight of
|J|-1|1' malerials and volome of scid proseni. Most autosmlive
iberies are limmited jn I_'.;jl,lﬂ_q_—il'l' a1 Jiwww rofes of di_u‘hﬂr“r
120:Hour Rate) by the amount of acid comtsined in the
awlls or by the welght of positive jlate material,

The starling -l"':l.]hl|:-|.|i|::|. is romghly properticnal to the plate
area. Aulomative starting batterles are therelore huill with
thin plates to priwile large plate arcas per eell in wrdes
that acid may have quick aceess 1o as much active material
as pozsihble,

STANDARD CAPACITY RATINGS

The battery i'“hb'“!l has arcived at soveral gandards of -
tery ped formance which have been incorporated in the
standards of the Association of Aneriean Battery Manufac-
turers, the '."'m'ir-i}' af Milsammdive Engineers nnd the U, 5.
Lovermment. A complete description of the test methods §s

resented in the publication of the Association of American

attery Manufscturers, Inc., entitled “Battery Specificas
tons." A summary of the procedures of the raling tests are
inclisded ke [aifF infumﬂfim.n_' e proses, '“t pesis mre based
on filling gravities of 1.270 and full charged gravities of
1

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

In veder to test for the charge retained in the plates, offac
tiveness of processing, aml welling charsctoristhes of plates
and separators, .|r||.|lllh|: hehaviour of the battery when
activabed under possible cold westher conditions, the Assoe
ciation of American Battery Manufscturers specifies the
following test procedure,

1. Plsce hattery and electrolyte in cold box at 30°F, £2°F.
[ﬂr 18 |'|'|'|-'|||-| Jlr'i||.|_- B lesk,

2, Hemove from cald box and ienmeediately R the hattery
with the cold electrolyte,

I Allow to ctand 30 minutes after campleting the Flling of
the tast cell, then recard specific gravity and temperature
of the elecirolyie.

8. Discharge 1Z.volt batteries of less than 90 ampere-hour
capacity al 130 amperes (Gvolt batteries and 12volt
hatteries l||1I LN} .]ml,lfr.g.hmn .|-||Ip;|..|-i|-!; or mare af 300 am-
peres) to an end point equivalent to 1-volt per cell,

% The performance of drycharged batteries tosted under
these conditions within sixty dave of manufacture should
be W95 of the specifiod value for 5 or 1-sscond voltage
when high-rate tested at 0°F., and 50% of the specified
capacily in minutes when tested a1 0°F,

11



i A :11Hh||n[ hattery, lllf'l'ih-ﬂ'iﬂs bﬂ;ﬂ tested as lblﬂl'l'l!“l
should then be lully charged a1 a rale in amparss
to the 20hoar discharge rate, Twonty-bour lmlqaald
Tests may then be made.

The processing and copstrection of drycharged batteries
pesilt in 8 decrease in initial 20hour capacities. Thenefore,
3% of the minimum 2-bour ratings should be deducted
whain testing dry=chirged batteries immedistely following
the initial sctivation test

The Sochety of Automative Engineers specifics an Activation
Tul; 1-'il|1 iihe hlll'.-:rf andd rhtlrnl}'l!z at 80*F. Other proces
dura] details are similar to these outlined above, The per-
formance requirements under the SAE Specification state
that (he tisme snd voltage sttained wnder the st conditions
shall be the same a5 specified for the high rate discharge
at 0°F,

CURRENT ACCEPTANCE TESTS

This test ie designed 1o determine the shility of 2 new, pre-
viously untested battery 1o accept a charge under a regulated
voltage system with ihe bavery in o partiallylischarged
comlition st 30°F,

All wetcharged batieries and all dryvahorged baiteries aftes
hlling are biought to g fullycharged siate by charging st &
enle coreespamting to 1 720 af the ampere-bour rating,

The fullvcharged battery bs dischorged a1 8 rate of 15 am-
peres T (e F-rrim:l ol lime mevesaary Lo remove Sk per cenl
of the rated 30-hour copacity.

The battery is then cooled o an eledrolyie tesmporataee of
30% &= 2°F, |r_|' iu; i & suilakle ambbent temperalure for
& poriod of 1624 hours.

When the electralyle lemperalure has reached 30° = 2°F
the battery shall be charged by impressing 14.4-volts across
the terminals of 12vnli hatteriez gr 7.2-valin seros the Ler-
minnls of Gevolt batterics with the battery still fn the 307F.
ambbeni bemperaiure,

This inq.m.'nﬁ! lr-:llll[q:' is o bee held cormant for a pcrl-ud of
I minutes af which time the charging rate is to be noted,
The charging rate at the 10 minute peried is considered 1o

be the current acceplanoe.

The basse 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 sire or resarve copacity
of the battery, The fully-cha battery is brought to a
lrl;ﬁruldlt‘ of BO*F, and s discharged &t & rate cqual o
1720 of the published 2hboar capacity in smperehosms,
For example, a 13wvoli battery rated by the manufactorer
at 50 AH. capscity woald be discharged at 1/20 of 50, a7
ot 2.5 amperes, until the terminal voltage falls to 10,30
'Tl’l.l. Tl'u'- u-mlrt I'IE I'HH.IT‘ uir\ﬂl EI'T lh 1‘!‘“’."..'![‘. I'ﬂ'ﬂI—
tiphied by the ampere rate of discharge, is the amperehioar
capacity of the battery and its 20-hour capacity, See Fig. 19,
The same farmula i85 wsed for the batkeriea, with a
525 end velage.
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Fig. 19—20-Hour roting dischorges.

COLD RATINGS AT O°F.

All 12:volt batteries of less than 90 =bour capacity
are discharged at 150 amperes while 12-vali batteries of 90
amijporehours capacity of more and Gvoll balterios ane dis-
charged a1 300 amperes, at a temperature of 0°F,

These ratings indicate the eranking ability of a fulle.

charged batstery at low temperatures and are expressed in
the {ollowing bwe ways: —

1. By the termainal voltage of a fully=charged batiery taken
ol 5 or 10 after the start of discharge at the rate
Iu!.d.i:.;_l-cd above with as initial electrolyte temperature
of O°F,

2. By the number of minstes required for the baltery o
rench & terminal valiage equivalent to 10 voll per ol
when discharged st the rate indicated above with an
eloctrolvte temperatare of 0°F. at the start. Sec Fig. 20
for a charsctaristic curve,
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Fig. 20—Typical Cold Rating Distharges at 0°F.



THE 20-MINUTE RATING IN AMPERES

This rating onee used widely in the industry, but abandoned
as a standard, i & rating which at one time appraximaiedd
the cranking ability of a battery at warm temperntures,

A Tully charged battery st BO°F, s discharged ab the manu-
facturer’s published 0-minute rate until the voliage dro
te the equivalent of 1.5volts per oell, The battery should
discharge for & minimum of 20 minutes,

There s no real justification for using this raling sinee it
has mo realistic connection with engine ratinm and serves
only te confuse the buving publie, This Association no
longer recognioes the Zeminute raling, and has stoted tha
ns & enatler of integrily in terminology, baticry capacity
shoald Hl'*'ﬂ:-ﬂ e stated b ferims ol anipere-hours,

DIESEL ENGINE BATTERY RATINGS

Batteries for eranking diesel engines are required ko deliver
high sustained amperage. Several methods of rating such
batteries are Hll|ﬂl1 wil E.l} variows manifzcturers, i adidi-
tiom to the ampere-hour caparcity eating at the 20hour rate
at B°F. and the minutes copacity rating at 300 amperes
at 07F., with a minkmum Wesecond voltage specified, such
batteries are usually rated scoording o the number of am-
peres lhﬂ' will deliver for 1.5 minuies st 0°F. to an end
voltage eoquivalent to Lol per cell,

LIFE TESTS (5.A.E.)

A battery usually wears sut in service as the resalt of over-
charging, undercharging or eveling; bl temperature, age,
vibration, or operator neglect all contribute to ulimate bat.
tery failure, It is not possibile 1o duplicate car service eon-
ditions in (e Iaboratory, but various fesis have been
developed which eophasize the wear on one or more of
the components of the battery, so thot when the battery
fmils, its wormeom paris may resemble those which have
failed in car service,

OVERCHARGE LIFE TEST

One such test is the Overcharge Life Test which was de.
signed when hatteries were placed underhood and subjected
to bigh engine-beal conditions. 1t & primarily a test of the
positive-plate grid alloy and grid disign, as this componend
of the battery is the most adversely affected. Neither the
separators nor the negative plates undergo any substantial
physical change. The positive active maberia wsually e
mains in place with little or no shedding. The battery ws-
ually fails on this test by corrasion and disintegration of
the positive grid strocture,

All 12-volt batteries of less than 0 ampere hours capacity,
are subjected 10 a continwons charge of 4.5 amperes for
LUy hours, o 495 amperehowrs of overcharge, followed by
a 4-hour standing period. A discharge capacity check at
150 amperes i then made to an end voltage equivalent 1o
1.2walts per cell ar a minfmom discharge time of thirty
seconds, whichever socurs frst. During the entire test, the
Batterics are immersed to & depth of six inches in a waltep
bath maintained at 100° - 5°F. This constitutes ane Over.

EE‘IU-I'E# Life wnit and requires one week. The nomber of
life units (weeks) is determined by counting the number
af weeks during which the hattery was copable of scoepting
the overcharge of 495 amperediosrs and the effect of the
Mehour stand and then delivering the 150 amperes dis-
charge for 30 seconds before the battery voltage dropped
tis the mquivabent of 1.2 volis per eell,

Water is added daily during charge to restore the electro-
Ivte bevel to Aormal.

Twelveaall hatteries of ™M A, and above and sixovalt hat-
teeries are charged at @ amperes for 110 howrs, or 990 ame
pree-hosrs of overcharge followed by 48hour standing
pericad, and discharged st 30 amperes 1o an end visltage
eiuivalent 1o | 24olte per eell, or a minimum discharge
liree of 30 seronds, whichever seears first,

LIFE CYCLE TEST

The Life Cyele is o vest principally 1o evaluate battery in.
termal components and it is therefore used ns » develapment
tool. It does o atlempl be gimulate car service comldions,
which are extremely varaalille,

All 1Z-vol batteries of bess than ™0 AH, capacity shall be
discharged for ore hour ot approximately 20 amperes for
a total of 2 anpeere-himirs and r:t'har;_:ﬁ.‘l ol the rate of
approximately 5 amperes for a total of 25 amperehoars,

or 12-volt batteries of ™ nmpere-hours capacity or more
and for Gvolt batteries, use double the ampere rales and
double the amperehour valises Tksted,

The tatal fimwe Tor one complele ovele is sin hours which
wermnits 4 eveles pey day or approximately 27 oveles 5 week,

¢ bemperature of the woler bath in which the batterics
are immersed during testmg shall be maintained ar 1107
s 55F. 1o wrder to determine the condition of the hnltrrr
thisughout the duration of this life test, one com dis-
charge test fs made each week ot 20 amperes, The length of
time in howrs required for the batbery vollage to drop 1o a
final terminal voltage equivalent to 1.70wolts per cell while
discharging at 20 amperes, miultiphied by 20, gives the am-
perehoar capacity of the battery at this rage,

When the capacity of the battery on a complete discharge
cycle, ot the above stated rates, drops below the ampere-
hsiirs :qu:i'rulrrlt b 400 peer cent of the amperehours rated
by the manufscturer st the 20 hour pate, [ife teal of the
battery shall be considered completed. The point of failare
hall be determined by plotting the ampere-hoar discharge
capacities, If a check 35 desived on the ability of the baltery
to maintain its cranking capability at low temperature dur-
ing the cycle-life testing, discharges shall be ar 150 a

and 0°F, for 12-valt batteries of less than 90 ﬂm[:rre-;nur
capacity: all sther batteries are o be lIiH"I‘I[I[F{I al 300
amperes and °F. af the gecond, fifth, and sighth weeks and
each three weeks therenfter until the end of eyels life testing,
The complete eapacity discharge test is omitted in the week
ol the vold cycle test and cach cold fest = coonted oz & life
evele. Hecharge after the cold discharge shall be at a rate of
3.8 amperes for n period equal 1o 1 Ernur far each minute
discharge at 150 amperes, or 7.5 amperes for similar time
|-|¢l'il:hd:! iy A pere 'Ili.ll:hﬂr'ﬁﬂ..



EFFECT OF TEMPERATURE AND OIL
VISCOSITY ON BATTERY PERFORMAMNCE

Bi.11:r"|.' -I"lllll.‘]l}' is Hrhll.l'!.' redoced by eold as it has a
decided mombing effect on the electrochemical action. The
following comparison, Fig. 21, graphically indicates the
extent of the reducton in cennking power when the tem-
perature drops from B0°F, to 32°F. or 1o 0°F.

Comparites of Crosking Pawes
Avallakds from Fully
BaFiery o 80", 32" ard 97 Foleonbait

ao” F, | 0% |

az*r. | 85 % 1

o F. |_a0% |

Fig. 21

Maote from the length of the bars that only abomt 275 of the
cranking power available at 80°F, is available at 0°F, even
for @ battery im gowd working condition and fully charged.

Stiff engine oil adds to the load of starting, The following
Fig. 22 shows the relation of cranking power st tempera-
turcs corresponding to “summer”’, “freezing” and “zerc™
temperatures for an engine wsing SAE. 1OW-30 malti-
l'ill!ﬂl‘il}' crankeass oil

W sen that at °F, the |-||a||||* FEAUires r|'|1-|1|'n'.||m|:|l:|r twice
the power 1o crank that it r-uqul.nrd at BO°F. With the
use of singleoviscosily winler-grade SAE. 30W oil the
cranking power requirement rises about 205 times on the
ilrn{: in fempeerature from f0° L] i*F,

BO*F 100%
32°F 155 %
0*F 210%

Fig. 22—Comparison of power required to crank
enging with 5.A.E 10W-30 oil of B0, 32" and O
Fohrenheit,
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a0 s o
E LIS0-MEAALY DMSCHARCED

32 F. | T

| 1200 - cHaRcE
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80 MEARLY DISCMARGED

ar. L260 - FULL CHARGE
LEI0 - HALF CHARCE

LG = MEASILY DESCRARGED
[ird [aaeCER OF DAMASE By FRACCING)

Fig. 23

The combined effect of 0°F. cold, in reducing battery ca-
pacity to 2/5 of its mormal pawer amdl the incresse in
r."r.illkm; lond dise to stil ofl to 2 times the warm weather
load, gives us a ||-tlltr u-:luiwn of H'n: job a battery has
to do in cold weather an t'-IT'IE nsizes the need for keeping
n |u|:|:rr, n 1.]1::: nr'urh fully .« u.rgad caondition dur.m; cold
u.'r:u|1r:r- The importanee of keeping a battery fully eharged
is shown in Fig. 23. H-ru far tem eratures of 80, 32° nrd
0°F, we have comparsd the eranking power muﬂ.l.l:le ina

ood battery ol fully-char (L2260 Sp. G, half-
charged (1210 Sp. Gr.) and discharged {1160 b-p. Gr.)
condilion.

Note that a nearlv.discharged battery at 0°F. has less than
1/10 the available eranking power of a fully<harged bat-
tery at 80°F, This emphosizes why it is o wise precaution
ta hﬂ-p batteries fully charged and fo recommemnd e
charges when the gravilty Talls 1o 1225 or below. A battery
discharged to 1.100 Sp. Gr. or less cannot be expected to

l;ru.n.'l: ] mﬁinz al any temperalure.

The abowve gravities labeled “half " and “nearly.dis-
charged” are related io the ability of the battery o crank
an engine at B0°F, and are not based on the 20-hoar dis-
charge at 80°F,

A battery discharged at a slow rate, corresponding o &
load such as the Z-hour rate, would be considered “hall-
d'im]“rgl-fl"' at mbowt 1.180 S]:h. Ger, mnal “dimhu.rgud" al
about 1080 Sp. Gr. at 80°F. See Pape 23



PART
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INSPECT SHIPMENTS BEFORE ACCEPTANCE

There are two conditivns. in which automotive balteries mav

|:|{" Ehip-p!\d_ HE! fn”.l-u.l.:

Condition
[= RPN Plate ol Flates Calls
aof Conditton Cheaged or ord Saparakary Fiilgd g
Fer Shipping Undharged Whan Shipped Unfilfled
Wet-Charged Chorged Wit Filled
Dry-Charged Charged Very Dry  Unfilled

INSPECT SHIPMENTS FOR DAMAGE

|r||:||.--||.i:h-lg.' upsan receipl, check electralvie levels to detect
posstble liquid loss during shipment. In the case of dey
charged balterbes. only visible damage can be considered
because thers is fii -|'||'|1|’||||,||' [resnnLL |r|H|he.:| :ir.l_'ﬁminpl
hatteries for mechamical -I‘I_'lmlF-l". avther wisible or ocons
eciabxl, whih may have been bnwcurred i shipment, A
“eonceabed damage™ is undersicod to mean a dljuu.u.-- 1o
the contemts of a packapge which is not in evidence at the
time of delivery by the carcier buat which is Inter discoversd,

The carrier or carriers are responsible for batteries lost or
damaged i transit. The title to yll-.-d.-\- reats with COms gaee
when hatteries are :I-!Ii!lFH'l! I".f'l-.l';. r.'ql'llur!._ and |:||'||'!.' the
cungignee can lepally file claims, When loss or damage i=
nobed at time of delivery, roquire the person making de-
.Ii'al‘r'l L mikle ||:-\F ] § |,i'1'||'|:|gl_- C1] ﬁ(\-m]n fl]” or ||lT1.: |||-|.
Hlurmlnr-'- unier consignes's memo of the loss or damage.

Submit claim by presenting to carrier who made delivery
llll' {ﬁ]l'1h|l|[ |:I{llflll'l|l-|ll|

I - H.‘lll!lllll l.l Hwim Fl iy .Ilr"‘r"l.ﬁl i{l“ IIE Lﬂ:l_‘.l. unll I"||||'|Hi:|'
Claim.

v 1]I'i_|:.'illll.| Hilll of |..||||ir|g'.

A, Original or Certified Copy of Invaice,

b hriginal Paid Freight Bill with signed notation of loss
or damage.

When loss or damege is discovered after delivery:

—

Sepregate damaged hatleries, cartons or crabes,

2'. Iil":llll"']iulll‘h I|'|||||'-| AT i FEG |r|u'Lr' i|-_1.p.|'-r[:|r_.||_ Al |! i
hirm requeesl with m letter, If i.ll"aFH'I'rI.IIl| is walved, obitain
8 wrillen “walver."”

3. H iII‘-'rH"'l'tlllll = e madle ]I'I. CArFIEr “|I:|'|i_r'_ ﬁl.'q_' r|_1'l.'j-I
rnke your own inspeclion report. I possible, use form
_|I-=~1H.'l fion |ll.':|l-l1| of Loas or Damage Discavered afies
Delivery of Freight.”

L Submit elaim |y presenting all the four items listed
ahove under the section headed *Whes the boss or dame
ge i3 noted al tims of 4|.-|'-|:|'|t~r:.'I and i addition submit
“Carrice's tll'\-n R “rp-.ﬂ ar “Waiver"” F YOI fe.

l'|IJ""|. !u:l' :Ir!-|l-"'1I||I| amil Vil F l'l_'l_H,II[ A YoOur owmn |||.
apuds I|||||

Il no acknowbedgement of claim is received within thirey
dave, r'.'l|l.|".‘lt B I"'}' legter. If no settlesment is imadle within
sixty days, review claim Tor a decision regarding pecessnry
ackron, ll"F:l! or Mherwise, Two vears are allowed in which
ton file sudt after a claim is disallowed in writing by the
CAFTIET,

PART VW

WET BATTERY STOCK MAINTENANCE

PREPARATION OF STOCK

II!l |!I-' nhsenoe .-I' Jl"-'-| i||-c|i|_.\_lr|||‘f-_ [|'||' II[i|IH" |l|-,.e‘\.-|rn|:,|;|'
level is about 1 '|. ™ ln I;["' e the 1-:|||_¢| af the = Faloim
ng BOTF, tor batteries of atandord construction, The elec-
I:-.'-l'g.'l:r' lewel im very eold bhatterie= will be lower than mor-
mal, 5o lef balterstes warm to nornmal |r||.|H'rd||‘||ri- lelore
jIhIEiII;.; .-r-1-u..|,1.- levels, Bemember to cnrrect hyd rametes
readings for temperatare if accurabe values are desired amd
make due allowances for the time and iemperature in
valved in transil. See sxomples Page 10,

ROTATION OF STOCKS

New batteries should be placed in stoek, preferably in their
cartons, in such & location that the oldest batterics can he
sold first. Bafieries |.l.i1| sl |_:||-.:'|'|_a|'|_{\:|:- rluriT.F stoTaE®
and must be located so that they can be reached for e
charging withoul moving newer batteries away from in
fromt af them, All batteries should b fu”:l. |']|qrgf1| al the
rale mentioned under “Boosting Charge™ belore pacing in
stack,
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The batteries should be sesrezated by ivpes, The daie a bat
tery is received can be marked on the camton or hattery
with chalk. This date can be helpful in eclecting the oldes

|IHIII1} | any ype in sk for earliest sale.

RACKS FOR 5TORAGE

Baiteries should newer be piled on top of one another, Sim-
fllt racks for temporary ballery storage can be made [rom
aose st boards supported by the batleries themselves. No
nails are required. All boards are cut from 3™ stock.
Uprights may be 10% high, with the grain, and of about
'l;"" width, Shelf boards can be 4" wide and 38" long, the
lumber to be free from unsound knots. B uprights and 10
ghell boards will permit stacking 25 batteries, 5 batteries
per row and 5 tiers '||i;h, if dbesired, Ser Fij. 24,

The stack is built uge & Tollows:

Loy parallel on o smooth ot floor two shelf boards spaced
841 lhn1 the hottom ends of the balleries sre su qmrl.r.:l b
them. Place 5 batteries side by side in a row :1.||1‘ insert one
upright boiween lbatteries Nos, 1 and 2 and one belweon
Moz § and 3, pushing the batteries up snugly together 20
s to support the upright pieces as shown in Fig, 24, When
not in use, the rack boards can be compacily stored. The
above rack B only for compact, temparary storage. A
I'h'al'.'il":'l E-raiaAfnen r'.ll'L. Hi1!l -ﬂlrl'lr- 2—1" Hpart 'n-“] ||r\-u--
vide wir inF SPHEE ONET the botteries [or hyvdromeler test-
ing amil charging the hatteries,

SELF-DISCHARGE — CAUSES AND EFFECTS

The grid framework of plates s cast from an alloy of anti-
mony omd lead comaining from %% o 9% antimony.
Diring charging of & battery, some antimony dissolves
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from the ].mstiﬁ'l.'n"-ph.lf- Erill-. andl depasits on the sponge
lead of the negative plates, wherne it sets up & local electro-
chemical action with the sponge lead, This slowly dis-
charges the negative plates. The rate of this self-discharge
inereases with an inceease in the antimony content of €
Esitive :I'Il‘ti. ||r||1 1|-|.‘:'.M|n-|' of olber [actors. The [Fresenne
of small -:[]Lmnliti-r':l of other impurities may affect either the
positive plates or the negative plates or both,

All sistomotive wel batteries will therefore slowly discharge
on standing and will discharge much faster when warm
than when cold, They may discharge faser when Folly
charged than when only partinlly charged. At normal tem.
peratares of B0°F, loss of capacily by sclfedischarge, start
ing with a fully-charged baitery, may amount i an average
of abon 001 Sp, Gr, por day over & 30-day period. At the
start, it may amount bo 002 Sp, Gr, loss per day and grad-
uu.'ﬂ.!r lap=er off o lees than (001 Ep. e, loves per da:r by l:hn
end af 30 days. The effect of temperatare on sell-discharge
for the average fully charged new battery in good condition
may be about as follows:

At 10°F, JHI2S Sp, Gr. per day
AL BOOF, A1 Sp, Gr. per day
AL BO°F, A1 Sp, Gr. per day

The above valoes are opproximste for abost the first 10
days of standing after being Tully charged. Some makes of
batterics will have a highor and same a lewer rale of sell.
dischargs than the sbove, depending upon the methods of
manufacture and the parity nl'r minlerinls weed, To mimimize
the extent of self<lischarge. store batleries in as cond o ploce
as passible, away from hot air ducts or radiators in winter
amed shielded from direct "-IIIIIIiH.I'H 1 SmEneT.

ALL BATTERIES SHOULD BE FULLY
CHARGED BEFORE INSTALLATION

BOOSTING-CHARGE

To make up for the loss of r-lmr_p:* while standing in siock,
a hoosting charge withowt excessive avercharge shoold be
given batteries whenever they Tall 040 in Sp, Gr., cormected
te BO°F. for iemperratare, me maller whellier they are Lo
remenin in stock or ore to be mode ready for sale, This will
be abont every thirly davs al warm temperatores, and:less
often during cold weather, Oserve level of elsctralyie be-
fore putting on charge; and if nocoszary, add water o the
cells ko !hrinp' to propeer level.

A charge Tate of one ampere for each positive plate in ome
eed| n]'lullH.EH' wweil o e 5] i thie ]!|||||'I'|, Far exnmm !Il'., Fl
battery having eleven plates per cell, five of them heing
positives would be charged at a rate of five amperes. 1F n
aliw 1!r‘|:|l;|'l s mal I'I.HEI.‘I.I.II' s sectiof din "l".l..“;;h-u
Storage Batteries,” page 27,

Chalk can be used to date the carton or battery whenever it
receives a recharge in steck, This will help to determine



which batteries are ready for delivery and which batteries

need charging,

DISPLAY BATTERIES MUST BE CHARGED
Wet batteries used for display purposes or stnnding in cars

PART

DRY-CHARGED

im llﬂlT.'lEf must mad s r-ulp:lillru and I:|E|'.'.|E'-:IH:|- Thﬂl' !,hm_dﬂ
lme consilered as Batteries = in stock™ aml hoosted whenever
the gravity falls 040 or to a Sp, Gr. of 1,280 where fully
charged gravity is 1,260, Many dealers prefer to use “dum-
my  balleries, with no elemenis in them, for display pur.
prses.

Vi

BATTERIES

The drycharpgsld battesy is just what the name indicates, 1t
is & battery containing charged plates in n -||r:,- conditinn,
When filled with sulfuric acid electrolyte and bonst charged,
it is ezsenfially the same as the conventional wel battery,

The manufacture of the dry-charged battery calls for special
|lrm'n'¢'illul im il hrl:lu”irll.: and llr:.illg of the :.Ilﬂlﬂ and
pEparolars,

The plates are monulfactured by passing o direct current
through them while immersed in an electrolybe of dilate
sulfuric acid. The fullv |'I|-|||.|:r|| |||.;|.|l:l|. ape hen removed
from the eleciridyte, washed in water, ynd |'uh||p\-|-h-|!-, dried
without -I-|!|:I[l.'|.'i.]-|-|l' exposure of e nepative plates to oir
or oxygen. This is necessary because the active materinl of
the Tully-charged negolives is I'i1|r|:. ivided speomge bead
which oxidizes, that is. loses its chorge when exposed 1o
axygen in the air in the presence of minate quantitics of
maisture,

In order b oliain dry-charged negatives, the plates miast
either be dried in an inert .ﬂln-u.]-l-n- T -||.|FHI[|pla||:d
steany, oxygen-free products of combustion oF 8 vacaam
dryer, or dried 8o rapidly that excessive oxidation canmid

lake PI.H'\II".

Thorough drving of pusitive plates and separators is peees.
sary in order o |1rr|r|||r'r~ a hattery [ree of moslure, o con-
dition which s essentinl Tor o sstisfactory dry-charged
battery. o

Positive and 1|l'i.:|1liu' |I|]d.|1‘:l anl separalors may either he
dricil separniely or as elements with the separalons in place

When Wﬂil"r-“‘l:-l'l.ﬁl., |II.|.|"_|.:r|] IIIHll'I- anwl w]ur;!ur:l. are
drked together, the addition of a separalor wetling agont
the end of the washing period = ordinarily requoired for
satisfsctory battery activotion from the dryaharged to the
wel-charged state, -

After assembly of dev-chargel batteries, proper precoutions
muzl be taken to prevent moksture Trom ofitaring the Tt
tery daring the period it remains in a dev, onfilled stats,

Devcharged batteries should be stored in & cool, dey place

with humiidity & low as possible; b with ambient tem-
perature between 607 and S0°F., as oniform a: possible
und not subject 1o frequent changes.

IMPORTANT INFORMATION ON
ACTIVATION OF DRY-CHARGED BATTERIES

Baitery grade sulfuric acid clectralyte of the correct specific
gravity missd be sdded 1o the dry<charged battery in the
field either ot the warehouse or by ihe dealer.

In vrder to make certain that the proper electrolyte is wsed
and the battery I8 properly activated, it is the praclice of
many inanulacturers o furnish packaged electrolyte for
their drycharged batteries along with imstroctions for
plocing the hattery inte service. Thess instructions must
be carelully followed.

Present-day manufactoring techniques assure satisfactory
dev-charged batteries as thoy leave the factories, Dot the
unknown fector in transportation, gorage conditions, tem-
poersture, battery age, stoek rotation, and activation defer-
mine whether the custames will peoeive satisfaction.

e must cealize that a h.:.1!er}' “hreathes™ with tlie fusctis-
tisn of ambilbent temperature and, since its active moterials
are sensitive to both moisture and oxyvgen, it is ndversely
affected |:-:. the ullm»[.-h.rrr.

Merchandisers know they cannot contrel humidity con
ditions nor follow the stringent pequirements of storing
dry-charged balteries in o cool, dry place in ambient tom-
peratares between 0% or W*F.; therefore, the aetivating
instructions mast conlain suflieiend boosling instruciions to
prodect their customers,

Esch YEAF, AS the first el wiealher arrives amil 15 ststabned
for soveral days, ballery sales are brisk and troubles mal-
tiply bscanse most merchondisers are regquired 10 setivale
and install batterios biyond the charging facilities they
have available, The American Autemabile Association has
reparied thet in recent vears “Battery and Flectrical™ fail-
wpes are lhe pml!mrlinu.ul cause of service calls ."ﬂl:hn-u_;:h
Wi I'Iﬁgh[ argus with the A.ALA. I‘iﬂqlh'h_ and counber with
ihe fact ihat any hard siarting condition which would run
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down the cold battery, would be classified s “Bottery
Failure,"” we moest admit that some of the failores are doe
to improper |:|r:|.'-|:|:|.lr|.|;-|:|l bullt'r:," activation.

Ome way the industry can redwes the number of service calls
is through sufficient boost charging of the dry<charged
hilﬂ:rr prinr to installation in the castomer's car.

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

1. Cald electrolyte has a much higher viscosity tham warm
therehy impaicing its circulation through the soparators
and the pores of the plates,

2, The alsility of the plates b mt'rl}p( a chacge ot low tem.
peratures is peduced becasse of changes In the nature
of the ehemical resctions taking place.

Here is the aceepted method for aetivati iy
charged hatieries to overcome ths.nmblﬁ?ﬁ]ﬁ
known conditions,

I. Fill ench cell of the battery to the top of the separators
with the correct baltery-grade :'I-ﬂ:lrnql}'b: as apecified
by the manafacturer’s instructions. Using higher or
lower specific gravity electrolvte than recommended can
impair the battery performance, Originally filling cach
cell 1o top of sepurmtors, permite expansion of electro-
Iyte as battery is boost charged.

2. When manufacturer recommends flling  gravities of
1250 or higher, boost charge 120l batteries ar 3040
amps. (Gowvolt hatberies at 5-713 amps.) until the spe
cific gravity of the electrolyte 15 L2340 or gi,g;]r_r aral
aloctrolyte temperatare is at least 80°F, B CON-
DITIONS MUST BE MET, eleetralyee  bubibles
violently while charging, reduee charging oate uniil
excessive bubbling action subsides, then continue charg.-
ing wotil 1240 and $0°F. are reached. (In tropical
climates, lower flling specific gravities are pecom-

mended, See Part X1, Page 23.)

3. Check volume of electrolyie in all cells and sdjuost to
prescribed level with additional electrolyte as required.

4. Inmstall battery in car. Tarn lights on and be sore am-
meter shows discharge. For cars not having ammeters,
check manufacturer’s manual for proper polarity. He-
quest customer Lo return in one week for battery check.

Adter battery has been in service, only approved
waler, TH NOT ADD ACID,

When cold weatler warnings are lorecast, i1 is recom-
mended practice to anticipate demand by activating and
bocsting popular size hatterbes 1n advance; thus, batteries
will ber ready for installation st time of need and not over-
fmy the charging eiquipment availnkble,
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DRY-CHARGED BATTERIES IN STORAGE

The question as to the length of time dry-ch batteries
can be stored s frequently asked apd is difficoli 10 answer
becpuse of numserous foclors involved, These include the
original processing of the plates and separators, the ex-
posiire o temperalure varintions, and humidity conditions
during storage. Under adverse conditions, the dry-charged
battery may lose its charge in a matier of severnl weeks;
unider the Best conditions, it may have ;Fvlml! charge relens
tion afler several years,

The benefit of a dry-charged battery is that it does not ex-
I.H"i'm'ﬂ .ﬂ:l-' .FFI’N;D"I" *’!l.ﬂl'iiﬂ'.'.iﬂl'l ll.m.h n= ]'I.III'ITIFII]
sullation or corrosion which may occur with a wet battery,
The drycharged battery can bose its charge during long
standing pericds in stock in s dey condition due 1o moisture
breathed inlo the battery, This, however, is not harmful;
mnd by rnrm:\r|}' flling the hll."l:-nr:r with proper n[e-:l:m[v_rl.e
and bringing it 1o a stale of full-charge, it bocomes essen.
tially a mew battery.

UVnder good storage conditions, the electrolvte specific grav
iy on activating a dry<charged battery will drop approxi.
mtately 10 points and temperature will rise 7% to 10°F,
within twenty minutes of illing the battery, A battery under
these conditions requires little boost charging. However,
should the specific gravity drop 20 points or more with
cor onding increase in temperature, the negative plates
have n oxidized and the battery requires boost charg.
ing for one hour or longer at prescribed ampere rates to
reach the 1.240 specific gravity and 80°F. to sssure proper
starting.

Here are the steps to follow to determine if o dry-charged
battery has oxidized negative plates, Tn all instances, be
sure to correct hydrometer imgs to BO°F,

1. Check the ific gravity and temperatare of the elecs
trolyle in the package before filling the dry-charged
battery.

2. Fill battery and k= stand for 30 minutes,

3. Recheck electrolyte in bottery for specific gravity and
tempernare,

4 The diference between | and 3 will indicate the degree
of oxidation of the negative plates. The ter the dif-
ference, the longer charging time required, When differ-
omies are E:ilﬂ.'ﬂ'l.l']:l.‘ |1;F]'I. indicatin HEHHJ;'I'\EI huﬂl:r
oxidized, the battery showbd prefecably be brought to
full charge at 4 bow ampere rate,

Alter the deycharged battery has been activated it must
be serviced, handled and kept charged just like any other
wed battery, (See Mew Batteries Returned for Charging,
Puge 22.)

The chief sdvantage of the dry-charped battery k2 the fact
that it can be stored for Inl:r perinds of time in & dry con-
dition without permanent deterioration. Tt may gradually



lose its charge over a period in storage, but after Glling and
Ilri:II.I!:iﬂl':' b full |'|!|||I'|:|'_ il I ul-r_l,' r||.||.l'|| In;ll " n&Ew wel
hattery.

The whiaf llhj\:'.'li"ll'l!- o the III:F-I"lIII_IHI II.-I'"I'['!.' are the
necessity of handling acid ond the inability to give the
battery m thorowgh quality check hefore shipment.

PART WII

NEW BATTERY INSTALLATION

SELECTING THE SIZE

HH“L‘I;.{"- m|r] Flll Il'l_ll:u'l"lu'l.l .E...th 'II" .-r Hn I.'I'H'lril:ﬂ.l.
size ol least equal to the battery ploced in the car by the
manufocturer. Frequently, additional current-consuming de-
vices have been added to the car by the owner which TEAY
make o larger capacity battery desirable.

TI".‘ drain on the |1-:|I:Ir'r:. af & modern CAF AV Fae ey I|ig|‘|
when the sngine s nol running, High capacity alternators
ar peneratorg carry the electrical load when the engine i=
rlIlIrIiFIiﬂ;, bt tovis mrimll @ :Ih-llln'l!. mmay he diar ||;||r|_ﬂ|l-|'| &0 mpth
by lights and radio when the car i parked that eold weather
starting is seriously impaiced hefore the driving time allows
the alternator ar gpenerator to resiore the |"|.:|r;_:|- 1o the bat-
tery. Am electrically oversize battery s therefore highly
lll'ﬁil‘ﬂ!lll' T ;lr-:h'.'idr a factor af econyenienee and -::|'|"||_--|.'|'I
A larger battery will also have longer life and therofore
be o worthwhile investment. Cars exquippedd with air condi
tioning definitely require larger batteries,

TYPICAL CURRENT LOAD OF MODERN CARS

(in Amperes)
Arr#ipcy Moz, Yehils
Swlich Opeiaseg
Switch Laad Rapnnd
Porking ..........o.covvveeee o e B —_

Low-Beam Headlamp ... 8 1o 14 —
High-Beam (4) Headlamp 1240 18 18

Heater ...occvnmemisasssc i ha T =
Windshield Wiper .......... 1ta 3 3

Air Conditioner ........... LL10%a 15 15
Rodio .. LLOdte 1.8 1.8

Ignition—Standard .3 i
Ignition=—Tronsistorized 8 ta 12 12

Alternator Field .......... 315 5
Tobal ..oy gy m— 54.8
Summer Storting ... 100 - 300 Ampores®

Winter Starting .......... 225 - 500 Amperes®

"Walwss vary with ssglne see, sngine tempesafare and gl vaERY,

Fig. 25

The |Hl""|=.!i:|'\ln ol the hatlery in same CHrE, with very little
clearance between the hood and battery terminals, necessi.
tates the installation of a replacement battery with the same

(31" l'r-.'||| |'||!1H|'.|t n= '|J'|:' llr:IE'iI.'uI Ilnlll'l:l.. .nﬁu Ia¢-|a|:|' 5.|'_"1.|,|_|r| .||i-
carcfully checked.

REMOVING OLD BATTERY

When remaving the old bottery, note carciully the location
of the positive battery terminal so that the new hattery can
be imstalled in the samse manner in order Lo avold the da I er
of installing reversed, Bemove “ground™ terminal first.

I reminy irl;_.: or Ii:.'hl:l:'mn[: the e it on the bolt of c].1|1_-||-|
termimals wee only a " box end wreench, Fig. 26. On
spring loaded terminals, vily the proper pliers shoald be
i

Fig. 26—Box end wrench.

Inspect the eradle Tor ||-|-.hi!||r r|.'||:1;||_fr= A Lsee] ||:.- boms of
aciad from the mled |l.'I“|:'r:|'. Be sure it and if= haoldd-dloviw nes
are mechanically strong and Tree from corrosion before
ill-".i-lﬂ“ill-g the new hattery. Larpoded paris nmal enlde termi-
nale may be cleaned with water, to whicl some household
ammonin af sodiom bicarbonate (baking sodal has been
added, by serubbing with a sl brush. Do mot serape lead
coating off hrass clamp terminals when cleaning. Diry and
paint corroded steel parls with acid-proof paint. Do net
prannt !'u'IHr"'r:. 1|-r:||li||.l||]l|_
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Fig. 2F—Terminal Puller

Examine calbles and terminals to be sure that cables are af
cofreel sise, |F|1' -IF'T-I"-!'L waf l'fu'l-l.- Rige amm {‘.mhLin!," page
211, See thal inmulalion is intoc one thol the 4:|Jr1||r ler-
mvinal or it bolt ore ool eaten away, exposing brass or iron
to provide Tutare terminal corrosion, Urge replacement of
ﬂuglh unseeviceable parts. Clean and fighten ground con.
mection 1o the frame as well a8 tighten switch and starier
conmections, y

O J e

Fig. 2B—Terminal Cleaner — Combinotion of

Brushes for Brightly Cleaning Clamp Terminals and

'I'u“r.d Posts ooch time ‘l'h-r ors reconnected.
Very important in Voltoge-reguloted systems,

CABLE TERMINALS AFFECT CRANKING

AND CHARGING
As 'I""ﬁlﬂ eals away terminals, and exposed coble, the

deposil corpasion ailids up  resistance nnd restricts
proper eurrent flow ta the starter and other elecirical units,

i cars l-r|||-||||u'|1 'ﬂ'ilh '|.'|:|er|- rrp1|1|'l‘|-u-rﬂ, where the alters

nifor or generator voltage is held within a narrow range,
the resistance due to corrosion keeps the battery from re-
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cotving the proper charging curfent and grodually starves
it, causing an undercharged, sulfated battery.

Corroded contact surfaces of all clamp terminals and bat-
tery temmibmal posts should alwayes be cleaned bright with
o wire brush in order to make a peefect contact each time
I!hu':. are I\'I:|:||.II'\'I'\-II. Fi;. ™ shows g convenient toal for this

purpose.

It i= gl proctice when replacing terminals to grease them
with a hesvysbisdisd mineral Erease ap ]H:“'lll.illllll, e nag
apply an excessive quantity as it may flow onto the sealing
compsnd and sofien it

Do not hamemer clamp terminals apte battery ts, To do
S0 mny resull in sevene 1|HIIIHHF to the brittle hardsubber
cell covers and sealing conipownl,

INSTALL NEW BATTERY FULLY CHARGED

When a costomer buys & new battery I is paving for and
is entitbed 10 receive one which is fully charged, Only a
Eu||:¢ -chhnrg:ﬂl ||.1.'Ilrr:c can deliver the Il-llll!i:l'lr'l'i and Fuar-
anfeed performance, which is the basis of the sale. Anvone
who wishes to protect himself against trouble and costly
servior shialld make saee that the batleries sold te his cos-
tomers are folly charged when installed, In the cose of Diry.
Charged Batieries the ndherence 1o the sugpestions ouailined
in the section on “Activation of Dry-Charged Batteries™ on
Fn#_l' 17, '\I‘|||II||| rnl.lll. i Itirl|1r'||'-rrn' |.||:rl.||:i||||.

Keplocement cables ghould be of sullicient lengih 1o reach
the tereminal pests without eausing undue strain on the posts
;1|||:| CEIYTE, '.:..IIII'J rll;-ll e too banl 'u'i" R LT H 1rll'||jﬂ'|" tin
prests and cause sealing compound 1o erack and ocid to leak.

The battery should rest level in the cradle and be fastened
securely in pace by a soitable holdsdown, asing care 1o
tighten hold-downs evenly Trom each end, a littke at a time,
2 g8 Fal b ltiqtl'irl 1t !rh'.‘ﬂ; |1H\l EaRlainer. r'-u FiTT llr.ﬂ'n'
hold-dowms fon tight, Where a hold-down is fixed ot one
eml, care must be exercised o insure proper seating of the
hattery prior 1o applying pressure 1o IEE movealile portion.

Before connecting the cables, check the polarity of the ter-
minals of the battery 1o be swre it is not reversed. Node
that the tapersd positive terminal of the battery s 1"
lwrger at ihe top than the negative and that the apening of
ithe positive cable clamp terminal & correspondingly larger
b fit. Do md deop terminal eorrosion inoeells. Conneet
ihe “srombeld™ terminal last, Tighten terminad bolia, being
careful 1o place f'|.1mF terminals and cables in puch o 1
tinn that they do nol interfere with removal of vem ||r:;1.
or rul an hobid-downs or other parts

On cars cquipped with alternator systems il is imperative
that the polarity connection of the batlery is correct, sinee
if the engine is started with the battery reversed, the rectifier
difﬁ.‘lﬁ |'|T|f| '“'lril'l; Ilﬂl’nnu 'cfllll t'I'E 'il'ﬂ"pl:l.r.:ll'ih' |'];|!'|1.:I.|::H‘t. In
the vase of cars with transiatoriesd radios, damage woukl
pocur if the radio were turned on with the battery roversed.



As m mntter of peliey, the radio should ﬂl'fl.ﬂ:..'f be turoed of
wiien 'n'-:l:kiug o the |-||l|!-'r:r.

Irl ANy CAsE, &S A0 .?u‘Il‘Il'lI l-lil'l!. ifedA=iire a |-|||;.|| 1'h|'|‘k ||-|I 1]'I|-
cable connections should be made with particular attention
paid to maiching the larger cable clomp o the larger ter-
minal prost,

On cars swjuipgel with ammeters, the procedure of torning
am the lights and poting that the amaneter deflects 10 the
FiLiiAlS  isF |'|i'|-|'h|1.|t"|' 'a'.-lll' .:I' r|:.- I-:'.,-|F-|' ."H[;:'H[I-': 'ljic'E!Iill.':.'-

thot the battery s properly installed with regand 1o polar.
ity. O eaes without ammeters this procedure is impessible
anl reliance must be placed in the cable checking s de-
seribed in the previeus paragraph, or in the instroctions
11k !F'I' RT |||.|.|'.|_|[u_-: L] r|:|'-= |1|.\.|:u;ﬂ_

CHECK CHARGING CIRCUIT

Suitable equipment is available for checking the charging
circuit, Follow the monufacturers procedure in the use of
the instruments. Checking of charging circuits without such
equipment is not tecommended,

PART WIN

EFFECT OF CABLE SIZE ON CRANKING
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Fig. 2?—Cable Sizes.

Battery cables mu=t earry the exiremely heavy -u.t;'“l;ihp- LEE
rend with & mindmum loss of vollage, sinee the speeal of
aranking is dependent on the voltage made available o1 the
starting motor.

Caldes for passenger cars having 1 2.voll systems are gsually
of the stapdard Namber 4 or Namber & pange except for
!-]'Il"fi.'ll. :IIIPI'iI'.'H.i-IHI-I 'n.lln"ll' |Il"'||'. il |'.|!||.7.. Ty Id' IJH'\-IL

Colbles for passenger cars having G-volt systems are usually
af the standard Momber 0 or Mumber 1 gauge, the Number
0 being the larger.

In the preceding chart, Fig. 29, & comparison of full size
virats undersize cables 15 given.

I\l’ll!ﬂ‘!l" i B !‘l-l' I‘I?-l B |]Ir. ThTh ur |':-|I|!i'\- 1|.||i| i| fife l||||-;|l: nigg
and alio by clamp terminals which are corroded,
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PART

I X

NEW BATTERIES RETURNED

FOR CHARGING

EARLY DISCHARGE NOT UNCOMMON

his |1l,|;|1_l edefaEE b reeEive i |1|n|'|L|1.|;|i|p|_| tl.lﬂ'l'i."? 'l“'i“H
very cold weather, about new batteries returned for charg-
ing within & few davs or weeks after sale, which leads to
the helief that there must be something wrong with them,
This tvpe of complaint began when the automotive battery
industry first camse into existence and will continue just as
long as satomotive batteries are sold, Actwslly very few
balteries sa returned have anything wrong with them, bt
because they are new, the inexperienced person, and some-
times even the one who should know better, believes them
to be defective becawse he cannot find the reason for their

becoming discharged.

A wery important peint o chedk in every case where this
tronlde is encounterad (s the policy [ollowed in regard to
the installation of new balteries.

Was the hattery fully charged when imstalled? This is ex-
tremely important because the installation of a partially-
discharged battery mav not only lead to its reburn for
1:|1:||r;|2:'iq%| but may ako result in short Nife and an adjust.
ment. The gravity and temperature of the battery should
therefore be recorded at the time of zale for foture reference,

Were tapered terminals and clamp terminals brushed elean
nmil ].'r:uluql whien installation was made? [f mot, h_-igh.
resiglance connectons may exis? and the bhattery eannol
be kept charged. This is very, very important on vallage-
rr&ul:lln'd &Y wlEimiz,

It & a Tact that many new batteries will come back for
charging when they become discharged and, provided thes
were fully charged and properly installed, they may be
consadered |rl|.'ilin|.||lq- recharge jobs for which full pn';.:.g
shauld be collected. Too often 1]'H'-:|' B Fl‘:'ll'tqi"li"l'i Filla
hecanse of a desire to keep 8 pood customer satished and
hecauee of a lack of knowledge of the true clrcumstances
and how to deal with them, but they are legitimate recharge
jobs just the same, The battery is osually favolved in any
rllnrl'in|.', failure, but the fact that @ is dia'h;rm{l does mil
necessarily poinl 1o a defective or faulty battery. Tnsuffi-
cient hours of driving, worn cables, trouble in the electrical
system, such as voliage regulstor oul of adjustment, cor.
roded connections or alternator or generator in need of
t‘epuir.{_:itlpinp: drive belt.ete., ean couse 5 battery to be-
wame dischargsd and the conditbon cammol I:I'E h].'rm.:d oan
the lie'l;ltt-n e *Car Altermator or Generator System,”
pege =4

BATTERY TESTS FOR DEFECTS

A properly equipped dealer has three ways of testing o bat:
tery o deterrine = candiliom:

.Fl-i':u' ‘He &an prut it on c'hnr;r 1o see whether 3t |.'Ik.ll_‘:l_- n
charge satisfactorily. If it does, it has passed one test swe-
cessfully and is probably in good condition.

See “Charging Storage Batteries” Part XV, page 27.

Second —If a discharge tester is available he may test the
bottery for capacity after charge, and i this et shows
full capacity the battery is in good condition,

Third—Dnly in rare cases should this test be needed, bot it
can e made |::!r aivone who doubts the results obtained
from the first two. Let the fully-charged I_ulln,':?- #tand on
the shell for three to seven days to see whether the standing
loss due to sall discharge 1= excessive in mny cell, T8t is mod,
then the battery has suoomsfully passed every test and is
withoul q:lr-li-.'-n in serviceable condition. Sec “Sell.Ths.
charge—Uauses and Effects” page 16,

TESTS MUST BE BELIEVED

I the I'.-rrj;c.:l:p_ tests show the ||r|“|'r:r o be in |£"l.lll.l'd il
dition, the results must be believed, This seems abvious, but
is emiphasized becaise many who are inmp-r.riﬁululul in han-
dling batteries and who fail to kearn the reason for the dis
charged condition are lishle to end by blaming the battery
because they feel that since they cannot fimd any other
case, it must be the battery.

It may help to remember that a new battery will slowly dis-
charge standing idle in stock, bot it will not become fully
discharged in a week or two. If it comes back diseharged
within a wesk or two, there must be some reason for this
comlition other than the hattery iteelf. It may also help to
remember that for every now battery returned for charging,
many maorne old batteries come hack for the =ame reason,
Mabody complaine about the obd hatteries,

Mever forget that there are ways to prove whellier a batiery
i wr is not at fawli, and when these show it to be in good
condition, the battery is completely absolved 25 n caose
of trouble,



PART X

Water for use in antomotive hatleries may be a F‘"'"! gracle
of drinking water, excluding mineral waiers,

Adding water to a cell will lower the specific gravity of the
alectrolyle, but this does not mesn that the c2ll kas bost ATy
of its E"'rlu: B

Wateh for butterics that require excessive water, The need
Fllr l"ll'l.".'\-!i'l-l' waler II'||I_I|. EH' E 1] i||:|i|';|_'lu-;|1 u:r "] rh'"ﬂi"ﬁ
sy#tem which 12 owt of adjustment and indicates that the
I'il“‘l'-':- i being subjected to the l|‘|'FII'I|!|:i|||‘__I| elfecta af awers
clarging.

T1'.H" IthrI '|-||||Hl-|'I||||: |.f |;.rﬁ=:1[.-|'ta'!- |‘|||1||-r;|-5 are Frl.'-"'tlilf'li
with ligquid-level indicators in the vend openings of the
covers. Where such |:rmi:-5|-|:g-. are il prisent |!I|- narmal
electrolyte level should be 1§ to 145 inches above the Lo
of the separators,

The «le lIllf!-ll.' level, correct]y :urjl;'.ll:ql at a warm temipera-
ture when fully charged and gussing, may drop as much a8
Ha" when cooled to 0°F, This is due to the contraction of
the clectrolyte and to the shrinkage of the gas bubbles

trapped in and benenth the element.

PART XIi

ACID GRAVITY FOR TROPICAL CLIMATES AND SPECIAL CONSTRUCTIONS

TROPICAL CLIMATES

Batteries operatod at kigh temperatures in Lropien] elimates
are usually provided with electrolyte of aboon 1.225 5p, Gr,
when fully.charged, This milder strength of acid is Jess
deteriorating to separators and plates, which resalts in
longer battery life. A tropical climate is considered one in
which waler never (reeres.

Attention is called to the fact that batteries can be fully
charged and yet have different values of spocific gravity,
Th= f--]hmiu;: table Fil."'l'_'a the -J.l-.'jlig l_lrﬂl,'it:; valwes for
tvpical batteries in various siates of charge, these hatteries
having indicated gravities in the fully-charged state, Vabes
nre shown for batteries with a fully-charged gravity of
L2800 and 1.260 &s used for cold and temperale climntes,
and in the last column values are shown for o battery with
a fully-charged gravity of 1225, as might be uwsed in
trapical climates

Spatike Giraity
Specifl Graeitio o8 Uisd fa
Erote ol Chorgs * o Upsd By Tropasl
Cald and Temperate Climale Climpies
Fully Charged 1.280 1.260 1.225
75% Chorged  1.230 1.215 1.180
50% Charged 1.180 1.170 1.135
2545 Charged 1.130 1.120 1.0%0
Discharged 1.080 1.070 1.045

*itate of charge o lediated by ipecific grovity when dichorged of 3
LE T T .

The obove are mare ar b typhol apecife grevin remgee,  Chgevily
tanges will vory spmewhel, depeading o halberp cessirecizn and roika
ol wlecvolyte volume #o sifve maderial

SPECIAL CONSTRUCTIONS

Same types of batteries are constructed with an extra-laree
space for water above the elements whore over three times
thie v=mal water reserve is provided above the separalors,
As a result of the extrn water used, the specific gravity of
the electrolyie at fall level and with cells fullv-charged is
L2560 Sp. Grr., which is sometimes stated on the vent plugs
of these special botterics. The same quantity of sulfur
acid is used in these batteries s i used in batteries with
equivalent size elements having a fally-charged specific
gravity of 1.270, The exfra water volume results in the
mibder acid strength and requires that the baltery be ge-
walered one-third as aften as the conventional battery,

EFFECT OF REDUCING FULL-CHARGE
ACID GRAVITY

Most manufacturers have redoced the geavity of their bat-
tefies of standord constroction from 1280, cantaining 37
Hz30y by weight, to 1,260 containing 3567 HS0, by
weight, in order 1o obtain the bepelits of the somaowhai
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 battery depends upon the
amount of scid in the electrolvte,

The amount of electrolyte in a battery will strangly affect
s capacily since battery capacity is determined by threo
CONpanETE (1§ weight of positive setive material, (2]
weight of negative active moterial and (3) weight of sul-
furie acid in the electrolyte. This required weight of sul
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furic acid to yield a specified elecirical capacity can be
[.-nm.-illwl cither (n} in smaller volume of high ;gm-il'u-

avity or (b) larger wvolame of levwer specific gravity,
Jl:.rﬂmr combination will enable o battery to mest its puls
lished ratings.

However, il the spacific gravity of the ackd of a battery as
originally designed is reduced, but the acid volume remains
Ihﬂ' AfiwiE, |I||" (RN H] 1' 3 Cljae ||'|. will b reducod, Tll\.-l' ‘rlll
f:{umpl:* n lod AH, Capacity 1I¢||4'n ol slandard construc.
tion with pormnl clectrolite wolume and having a fully.
charged gravity of 1280 1f the gravity is reduced o 1,260,
the 20-hour capacity may fall off 4 per cent 10 perhaps 96
AH. and the cold copacity may drop as muach as 15 per cent,
It s elwicns, therelore, rIIHl |I||- arid Era Irlll.- of swch s bat-
tery cannot be lowered without reducing ite capacity. In

eneral, however, lower gravity favors life — higher grav.
ity Tavers Hkhour capacity and cold capacity. The 115un|cl
and gravily of elecirolyle wsed In automotive batleries is,
therefore, carcfully caleulated to deliver guarantesd rated
electrical performamee and usually represents & good com-
Pn;mni.m,- between capavity and hattery life.

TF acid 15 either lost or is added te a battery after it leaves
the factory, one can be misked in peferring to the above ta-
ble of values to determine state of charge from hydrometer
remdings. It may bie necessary to fullvcharge o 'Iutlrrl. o
determine accurately what its Fu|'|1.-r|1|a1'r[.11' pravily is une
less the “fully-charged™ cravity is marked on the battery
of an the sccompanying instrection tag.

MIXING BATTERY ELECTROLYTE

Diluting concentrated acid of 1835 is not recommended
T L ol the :|"n;n-|-— involved, When ||1||."|rrl.|'|mn nd & re=
sult of circumstances, extreme care musl be taken in poe
paring electrolyle by diluting 1,835 Sp. Gr. Battery Grade

siallinrie acid with waler,

In mising, abways ponr the acil into the waier — o
this slowly — never v waler into ackd, [or it will
virtinlly exp tir continually with & elean, Bow,

PART

ACCIDENTAL

wood stick while acid s being added, after which throw
the siick away. Because considerable heat is generated
v i sl FaimgE n:'ill I il with Wi, take :.I.'H"'l"iﬁl' !rﬂ'ril'!.
readings andd make final adjustment of gravity afier elec
I:n.-|1..|:-:' has cooled to renm temperature, Mever hill hatteries
with electrolvte much holier than rewn temperatiane,

U'se nothing but glass, glazed carthenware, hard rubber, or
rrﬂl:] cotillainers Lo mix or =lore |'l:'\-|'||-|h!'|.|r. ['se care ar Ihr
heat of mixing moy crack glass containers, To prepare
electrolyte of any specific gravity between 1100 nan 1400,
anld one part by volwne of concentraied 1LA3S Sp. Gr. bat
tery-grade sulfuric acid to the approximate number of parts
of water shown in the following talde.

Dunirad Appraximots Hurker of Farty of 'Warer 4o
Lpacific Which Munt Ba Added Ong Por of 1835
Geavity Specifit Grawity Sulfuric Add, by Valume
1.100 9.8 poris waoter by volume

1.200 4.3 parts water by valume
1.250 3.3 ports waler by valumae
1.300 2.5 ports woter by volume
1.400 1.6 ports water by volume

WARNING: Concentrated acid of LE3S Sp. Gr.
“must be hondled with great care as it will TIIIF‘ET

the skin aml ||ulliu v Lhe elothin I'_I_ addvizahle

to_wear gogeles, roliber E_Tm'ﬂ, and_a_protective

apron when working with i

Mewlralize peild electrolvie sapilled on elothing with

m] Ll I:II'I'I|I1.11:IIIiH waler or o waler nululiun Ilf H:thj

soiln, 1T LBIS Sp. Gr. acal gels on clothes, diloie i

with elean water first, then neniralizs,

I aeid is spattersd into (the sves wash 0 oot ﬂt anee
hil th | Ll l"l'l':l" ol Clemn waler an ¥ ﬂ
nul il Ihr- 14.-:'||] wWES ﬂmrﬂ'llrulrll or i rTr IIIII‘-H

conlinmes.

xn

IMPURITIES

Colorless liquids like gasaline, kerosene, turpentine, anti-
fremen, or carbon tetrachloride (fire extinguisher fuid) are
samefimes mistaken for waler anl added to a battery. Gaso-
line, kerosene, torpentine and some other liguids lighter
than woter, and which will not readily mix with water, will
Hq:hal .'|r.lj Hn |'\.|;| [\'I'|1|-Il'li'll ]u. nIIIHIiIIF |':|-|'|l |'l"'l|t Flh‘!ll“'r
with water to How off the impurities, After this, the graviny

24

of the electrolvie mes be adjusted, Such Auids in time often
soften the sealing compouml and the resalting mixture is
diflicult to remove aobess cleaned off promptly. Solable
liguiits like =ca or salt waler, vinegar, aleahol or hormiul
acids such as witrie, hydrochleric or acetic acids will ruin
the battery.



PART X101

SERVICING BATTERY IN CAR

Loml ballery sery il'illE shaulbil inclade the fallow 1M Y E
PeitinEs

n Prosvidde |||.|Ir:'|i-\.|- lemider covar for car finish,

Clean battery top with a gtiff hrush, being carciul

not Lo scalter corrosion products. Wipe off with s
cloth wettel witl AR # dAkF ||;n||.,ir|;_l wmanda 16 waber, ]"i||.-|]|'!,'
e Y with o cloth with clear water.

& Inepeet cables — wrpge replacement if onserviceahle
Imspect the Ierninal posis to see thal they are not
ili'rl_.r"',ill:i ar hroken,

ﬂ Clean the ballery lerminal posts and the inside su;
[nees of the terminal clamps 1o a bright metal sur-
I-.I' - 8 h||-.-n-r.".-'r |:|1|'!. are I-"|||||'.|'-'| ':II.-I'l |!||- eEnlact =urf.‘|l,'ﬁ..

with mineral grease or vaseline before the terminals are
e annseched.

ﬂ- Inspoet evadle amd adjust hold.downs. Urge replace.
ment il snservicenhls

@  Make hvdrometer or Voltage Tests,

IT only a hydrometer is available, and if the electrolvee
level is b liow for the test, fill the eells to [EIEIFLE el with
waler nned charge the |l.|lI:l'|:| sullsciently s mix the slectpo.
lyee, or e [Fet] the ow e Lo relurn the follow i:.;_- |!|-|:\. faif

[} |'|'F||'|'L.,i.||:;

ﬂ Adld water 1o bring the electrolvie level 1o the raper
i, bt aviid averfilliie. See section op % nler.
page 4

FART XIV

TESTING BATTERY FOR SERVICEABILIBITY

INSTRUMENTS

Testing & batbery For serviceabality requires the use af in-
slruments of L|r||||||"\-|i-| nevl peEnracy,

A Hyirosseter shisuld be graduated to read from 1,060 i
[ & VT |.'r.n:||1.|1i-||1- '\-'{ .Ih?-l hIH'I'iI-]l' rravily. I|'i-||- :[.u‘l.
thated r|:.1||-.|.|'|p- should be mat bess (han Ma inch apart and
accurale toowithin 02 2, ir, The ;:::l-llu.llrﬂ !I-:I1|i.'lll| aof
siem should be about 2 sches long. Clearanee betwesn float
and harrel, at smallest diameter, should be a minimum of
L% inch around all sides,

& I‘l.1|:|'i':| ‘rIII'IIlIIIIIII'II'| shoiild be of the HETCUrY .ih-Fh._-,,.:.
iype, have s seale reading as high as 125°F. and be de-
signed for not over a l-imch bull immersion. A suriable
dairy-type thermometer may prove satisfactory Tor the
R TR,

!';l"l--'rl electrieal melers for batlery jesting should be seetirato
within 2 percent over the cntire scole range, Lalsoratory
meters should be securate within 14 of | percent over the
endire scale range and shoald b of the [ rmnnenl magneel
E ol Ly pe, the volbmeter |||'|"||-|.|||||. Ieeing shiebded
from external magnetic fields.

A good Volimeter shpuld hove a 3-volt scale in 0wl divi
sions and be gocorate to within 195 over full scale for
mensuring el vollage and 'or a scale covering 15 yalls in
Jdwvolt divisions for testing overall hatiery volimre, The

F
A portahle type DLC, valimeter of a1 lenst 100 shms per valt

arrmiivily accurole o at 1|.||.|_ L% andl ||||'l i"'I;L' i range al
150153 volts would b satisias tury for aecurale tesi work,

resiglance of o gomd valimeler is at kast 106 ahms e vl

A F'I'rhll'll"' Iy NC. Ammcter accurale to al beast 1 per-
cenl, with scale FAFEE of Jib/2%5 10 amupsres ariel wsexd with
an external 500 ampere shunt 1o oblain a 500 ampere range,
winitld b =.‘|li-fu-.'|:--r:. for s wrake b=l work.

OPEN-CIRCUIT VOLTAGE BATTERY TESTERS

The 'I:IFH'E'I'I'LI'I'_I.I.i'I valtape ol & E|.|11|'|1. will Viary -|.|:|rr"|'|||!. wilh
the specific gravity of ihe clectralvte in the fndividan] o=l
L sensitive vollmeler caf therelore e F.j.,l_i.!ﬂi with a scale
which indbcates i."-'|1|i'|-||:-|'| I -|:-r\-|'i|‘-1|' ur.u'i;l:.' or date of 1'I‘IH|=_'I'
and can b wsed w8 a sort of Yelectrical ]l:.l]l--lnl'er" unidey
certain comditions, Such instruments must have a separate
scale calibrated for each l-l'JI:]r“!l,' 'Utl]'lfllﬁl’ﬁ!"’l EFAY i||.I i
& vorreelion [actor mud be used if the cells are adjusted to
any other fully-charged gravity. For example, such O.C.V
meelers, in order b e relialde, muast either be ke only on
hatieries and‘or cells whose fully.charged pravity is that
for which the Instrument iz calibrated. or be wsed with a
carrection factor of 0] volt equals 010 specific gravity.

|:::.|-|I|:|I|I': 1.260 Sp. Gr, = 2.10 Yalis  Call
Vol Battery
= &6 Valts /1 2.V sk Katters

6.3 Vaolis 6
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BATTERY TESTING CHART—Fig. 30

HTEROMETER TEET (80°F.] STATI OF CHARCI O®

iBow Wabe “A™ Balow] BATTERT COMDATION COREILTION OR REMEDYT

1) LIS Sp. O (13 Frabably Geed. (1] M cortection regwsed 1 sarialion sming (elli ned ever 0T Sp.
G, CGeber high rote diwhorge copsaiey tesl. 1 iest O K, dbech ap-
watan ond weiriag of sehage tepulsiter. Mobe & Poregh ched
of the slectronl wpbem for shord cinpelfy, Booss cosmeriiess, e
re-dgd terminale, aln

{2} Lewi thas 1215 Sp. Gr. 2 Gt isandliy. 2} Balery buld be recbocged. AMar reclorge sepest alep Mo, 1
[Sew sala "B}
{3} Colfa showing mors Bon 50 Polab F11 A&, Short ginped In low call, A Try o rechorgs batiey (Ses nols "8 H 030 Sp. Gr, wordatien
(250 Sp, O] warloHon I guavity, B Lzas of wlecirelyte by leakoge or parvuly baSery should be replaced. IF halisry norepis rechorgs
prranuve avarchoiga, med worlotion dowy sgd panlyl repasd slwp Mg, 1,
. mpreger odditfion of ood ar
eofaring hei

D. Maftevnl ar premoture fedure.

E Crodied bax parlition.

OF CHARGE DR
CPEN CIRCUNT VOLTAGE TEST BATTIRT COMDITION CORRECTION OF HEMEDT
{4} BaSery of celh dawing more than 4] Probably goed. (4] Apply remedy giea far e | abive.
W charge
($1 Bwtiwry bowing lem than Y% chags 051 urvsanabls. (5 Apply remsdy ghea lor Mo 7 obowe

wr gwlly shawing bse tan % chongs
byl net mare than 05 wolis vorkaiice,

(81 I ol qonnsaters ore oooendde, aalli 6] Sew Mo. 1 obies i Apply resedy gives Tor Mo, ) above
whowiing Eaie han O vorasies

HOTE: A& — Far betwies hoving safmal lullychonged specific grovity of 1.240 or clove of BITF. e sleciielyts level shauld be W' % 1" abive sipado-
tom. Do waf haks recdisgs won ofter odding woter, Bul chargs urtil sslufan s mized. Hypdromete: meodings thauld ba oarrechad dge (empadoe
turm @ lomperofere ore very Tor from BDTF.

HOTE: N — Far harmsios woth ipidel Tally shaeged giav oy anil g marig shaiivalpte ifitdeé — SOAEST R haiErary reos wmandariaay

Far praper chorgleg precedurss refer m “Chorglag Sioraps Batiwiad™, Poge 17, ond comauh chargiag equipmest manuvlacturer’s ipscifealiani.

7] Lha bigh rote dhichorge tsiter W
aiardonie with sasuladieted’i Fad-
emmesistaa, [Ser domwis aliiue
T H L

COMMON TLICTRICAL DIFFICULTIES

SHORT CIRCUITS

The prassnce of short circuin in the wifieg ton be determaed by wiching of ol slaorival equipmast prd, with the grousd sirop consecisd, sapping the
ofbwr coble terminal ogabasl it batery peal. Sparkiag wil ke prodeced W there b o scbalaaticl shart girped bn the =ling. Be were thot R bove nat
bees buised sud balare mabing thic . One should chech fha poalbilsy of o sludh siop light cr other swiich balfare ocoegrling e evideanoe al sparks a1
& eaetara Mdicatan of o shaet dereli, To defect o wery Jight dart circult, ploce a low-resdisg cmmeter in Ba ciruil.

HIGH RESESTAMCE

& wvolbage drap [whils ronkiag] of ssaee dhan 3 walSy [2710] betwsmn The diorfiag mofor coble ond the oo broms con cowie baed thaeting regardles gl
babery corditbas. This can be covesd By poor contoct befwees coble leminal ond oo lrose, or betwean dlomp Ferminal ond balleiy peif of ftared pwinh
pantaary, Troysd, coroded or keoken coble locofe the high reiivionos By cionking e weaim sagice with e igaitan ol Whare e sbsdrer o Bgairan
wre Indgscorsecied on B soms wwiich, tha high fensian wire fram e meaier al the distifserar o0 will hive W e do0nrrsdlel MEpasary ssd grounded
fz praveni damoge ho s fgnifion coil. Thia provedure =ill greesnt the aagine liam saiteg durisg the irankiag tet Bepals o ssploce mamspaneat caulng
tha high reilslonts of lown & volloge,
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Mo temperature correction factor has to be applied to the
gravities indicated by OUCY. meters, However, the instros
ments cannod be used on batteries and for cells which have
jusi come off charge, as the gases held on the plates cause
thee imstrument to give a falsely high reading. The instra-
ments are weeful for tesling batberies in stock, bul must he
used with caution on batteries coming into a station in cars.
Cranking the engine brieflly with ignition off or turming on
headlights for two minutes before testing will resove the
gas effect (surface chargel from the mm:{inpp. Letting bat-
teries stand on apen circuit for several hours after charging
will dissipate the gascs from the ]r'|n1:--| amnd emable correct
readings to be nhiained.

HIGH-RATE DISCHARGE EQUIPMENT

High-rate discharge squipment s available in & variety of
forms. Most of these work on the principle of discharging
the battery through a fxed resistance, for aboul 15 secomds,
and measuring the battery and/or cell valtages while dis-

charging ai a high rate to determine the cranking ability of
the |u|:|:1:'r3.,

The tester meter must hove 2% sccuracy over the entire
srale rangelel, The tester should be capable of discharging
the battery as a unit and mexsiring voltage as the critorion
for Essing or hi|ing the hu“n:-',

BATTERY TESTING CHART

A step-by-step procedure based on hydrometer and volt-
meter readings is shown in ihe “Batiery Testing Chart™ Fig.
30, This chart will be helpful in rendering correct battery
service,

Recent developments in the design of automotive bhatteries
have led to intereell connectors which are no |l:|-ngt:r aecesst
ble for voliage tesi prods. Therefore, individual cell tess
'«'llﬂﬂ%’ﬁ- can no longer be used and a procedure based on
specifie grovily and over-all terminal vali age {opem eireil
and under load i muost be fallowed,

PART XV

CHARGING STORAGE BATTERIES

PREPARING BATTERY FOR CHARGING

Wash all dirt from & battery and clean its terminals belore
placing it an charge bt do not allow dirt to gt into cells,
Ha'in[.'; the |:i'-'['l.lid level in the cells 1o the correct level, 1§ the
battery is extremely cald, let it warm up before adding wa.
ted as the level will rise os it worms, When a high-rate Tast
:h-:rgﬁ is ueed o {‘ha.rp;l'ng il may he necessAry o remove
electralyte to b5 1o 14 inch above the separators (o prevent
overflowing. This clectrolyte showld be retained in a clean
jar and returned to the cells after charging has been coo
pleted. The clectrolyte should fnally E-r adjusted to the
feroper level with water,

CHARGING CURRENT

Use only Direct Current from a charging source controlled
&0 that the rate to the battery will not be excessive,

Several methods for converting Alternating Current b [N-
rect Carrent are commercizlly available for service station
uss,

HIGH-RATE FAST CHARGING

A ]uur.r‘k ey b charged at any rate which does nod cause
the I'IH'll'{hl'!-'bt temperaian: of any cell to exceed 125°F, and
does not camse excessive loss of the electrolyte. This rule
does not apply to badly-sulfated batterics, Such hatteries
!hl.'-\l.lld b E'hﬂrgﬁi‘l al !pl'!-l'iFIt‘-!l low rules,

High-rate fast chargers are uwsually constant potential ma-
chines of very high current capacity so that initial charge

rates of 50000 60 Amperes are common for 12-volt batberies,
while for fevall batterbes these rates will be doulided,

High-rate fust charpers built for handling both 12 and
fievall lalberies require care Lo insure hat e proper sei.
ting is used for the particular battery invalyed in order to
avoid damage 1o the charger and the battery being charged,
“JI‘IPI'\E MSaArs are |:-rm'i1fnl ﬂlll] Afe 1|I-|n|i [in 1_-||.|||rn| ||:||l Eem-
prrature and viddenee of gassing, it & practical to bhoost
normal baileries in ihis way, Same of these chargers are
equipped with a timelimiting or temperature limiting de-
wice 1[-“ profect the battery from exeesding temperature of
125%F,

High-rate chargers cannot be expected to fully charge bat-
leries within an hour, but they do charge the hattery suff.
ciently well 2o that it can continue to give servies eommen.
surale with its condition and staie of charge,

Muore than one battery, either all 12.Volt or all 6-Volt, can
be charged on high-rate fast chargers. When this is done
connect the batteries in parallel; that is connect positive 10
positive, amd negative 1o negative. Refer 1o the charger
manual for detailed instroctions.

The high-rate chargers can inflict irreparable damage on a
battery if the saleguards Frnl.':id-.-:l by the manufscturer are
iHII-II-rl.'"L‘I o circamyenbe h} thie afuiralor. ﬂpﬂr:[ing -
dractions on high-rate chargers, a5 issusd by each manu.
fwcturer, should be carefully followed,
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CONSTANT-POTENTIAL CHARGING

Constant-potential chargers start the charge off at a high
rate, and as the battery voltage builds up, the charge rate
tapers off to a lower value depending on the design of the
charger and on the condition, age, and tempernture of the
battery, A battery in good condition i not harmed by this
type of charging. A badlysulinted batlery, however, may
ot come up to full-charge in o normal way on this tvpe of
charper. Temperature must be wotched carefully with this
method of charging as it may rise very rapidly.

CONSTANT-CURRENT SLOW CHARGING

The constant-current method of charging i the old and
well-eatablished miethod for charging batteries where the
inbermal el combition is nof known and where & diagnosis
of trouble is being made.

Connect the positive bead Trom the charger 1o the positive
termvinal of the battery and connect the negative lead to the
negative terminal, 11 several batteries are being charged in
EPTIEE, I|1|-;|.' shounld ke canpected [rom the pu-*il'llrz terminal
of one to the negative terminal of ancther 8o that when the
row of batteries i connected, there will be o positive and a
megative battery terminal free for conmecting the positive
and negative charger leads respectively.

The positive terminal of a battery is usuwally marked with a
H+™ ar YPT or YPOS ad it has a slightly larger top diam-
pher [ 104,:7 1 than the negative (%% 1, A safe rate for bench
charging is 1 am r positive plate per cell For exam.

le, 51 IFhH“.I.'I'!,' lviu]::] mu'lnl |l:']r cell, 5 of them woaold
I:E positives, so the charge rate would be 5 amperes for the
battery, If several hatteries of different sizes are being
charged in series, the rate for the line must be determined
by the snnllest battery in the ciccwit. 1T necessary, it is
caonsidered safe 1o leave batteries on charge overnight ai
ane-hall the day -time rate of chasge.

Watch tempernture of balteries carefully and if the tem-
rature of any ane of them reaches 125°F., lower the rate,
Bectrolyte will expand and the liquiid level rise due to heat
and displacement of iquid by gas bubbles forming ot the
plotes while the battery is on charge,

Hydrometer readings should be recorded howrly for each
cell of ench ballery as soon ns it oaches the fully
charged state. A battery is fully charged when the cells are
all gassing freely and the gravily ceases to rize for thres
successive roadings taken ot hourly intervals, Excessive
EARSiTE afl the clectrolyie MIAY TR the |i1"|1.|i.ﬂ to exhibit &
falsely.low gravity due to the small gas hubbles displacing
the hguid, 3o allow the gpas bubbles to rise to the surface
of the lquid in the hydrometer barrel before reading the
hvdrometer foxt scale,

At this dime, the charge w'ltn;i,:. whibe on charge st the 1
AR q-ptr-pqgiﬁ'm rote, il ideperd upan the temperature
and the age and condition of 1!F1.: cells, A uniform charge
voltage for all of the cells in any particular battery s a
condition to be desired — a subnormal woltage of one of
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the cells may indicate a defect such as a broken separator
or an internal short. Stop charging any battery when all
pells are F]Mil‘l m:l:f arwd Emﬁl_\' willl mol r further
when tested at three hourly intervals. Most batteriea can be
recharged at normal rates in from 12 to 16 hours, Excess
charging is wasieful of current, d water, and is
harmful to the pesitive plates. Do not stop short of the fully
charged state, however, as outlined above, even if it takes
24 hoars or llm].[rr. A |1|:|:E|}' sulfated '|hil't-|':l‘} willl 'I:tqu'ih‘.'
longer than a normal battery.

Unless electrolvie has leen lost lhmgl;: spilling or
lenking, it should not e necessary to add aeid o s
Tattery durin fi= Tife, Remember to moke the tempera-
ture correclion for hydrometer resdings, s warm eleciro-
E{:E will read low :.nt.fl.'hi:- miight e mistaken for fallure of
the batbery to rise normally in gravity. [t might also be
mistakealy concluled that the battery would mn tske &
full charge.

TRICKLE CHARGERS

Trickle chargers are effectively used for keeping display
balteries freshily charged and ready for sale, Avoid cons
tinnous overcharge for long pericds of time, Whenever
such chargers which have an ootpat of bess than one am-
pere are used, It is very important that they s wsed in
strict accordance with directions, sinee continuous aver-
charging for an indefinite tine, oven though at & very
low rate, can be very destructive to the grids of the positive
plates, cousing them to disintegrate, Many who operate such
chorgers turm them off ot might 1o aveid svercharging.

BATTERY GASES EXPLOSIVE

The gases iq.q.lliw,[ I_'Em A r1|=rgi|15 hattery Ir-d'.'_l__rl_lil_:_ll_lrl'.
ol Ezsr#rn amid DXV EEN Fases and will explode with

real violenee and spraying of acid il a spark or Tame
g brought too pear them. A room or compartment in
which charging hatteries are confined should be venti-
Tatedd. Tho not Liring a flame or sparks near vent openings.

T all sutsmotive hottery cells small nntities of hv.
drogen gas are given ul{ al the megative plates even
when the cells are not being clhar Tt miist therelone
s asstimel Lhal explosive mmxtores IVIFOEEn gas AT
resenl_within the cells st all times, E toreh, mateh
ame, lighted cigaretie, or sparks from metal tools

aceidentally contacting the terminals could couse igni-
tion of the pases,

To avoid sparks, do not disturh connections hl:li'IF@
limileries w 1i]-n -I'IIHFJIil'I!: irsl throw switeh ™ nt
by

chorger. The sihility of ignition of ]Ivﬂmm;_l.:‘r

static electricity accumulated on the car, or on ene's
[HrrRn, -ﬁl—-l'l’u-lii]é'gii_ij_g near the vent brigs can b
minimized i, Tmmes iately before working on the hai-
Tery, a metal rod or wire s touched to the car bumper

anal to the ground.
The improper use of o “Booster™ hattery to start a car

whien the normal hatiery i inadequate presents definite
explosion hazard, To nslln.imi:rr this huzard the Tollowing

I.I':_I'_DL'EH_HI\E E.'I !IJEEEH. --------




l. When possible, wse equipment with a switch in the line
connecling the booster attery to the imstalled haiiery.

2. Alwpve
camtnct.

*rock™ the connoctor clips to insure seeure grip

3. W only jumper cables are available, always socurely corf.
nect the imstalled battery first; and when connection is
made with the *heoster” liatlery, exercise extreme care
in the handling of the cable clips. In disconnecting, al-
ways break the consection st the “Eooster™ batiery first.

PART

FACTORS AFFECTING BATTERY LIFE

Another souree of explosion lies in e reverse o
mection of chargin q;uiFr:m-:nl. This hazard iz present
with all types of chargers, but particularly in the ense of
the High Rate equipment, Tt can only be eliminated by
carelul checking of the conmections before throwing the
operrati g -hil:-]f.

I for any resson acld electrolvie should be spat-
tered in the eves, wash i oui_immediately with
copious quantities of clean, cold water cupped in
the 1

L Illlil_*. Sk wnvedion] aid il discomior conilnnes,
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OVERCHARGING

Charging a battery greatly in excess of what is required is
harmibul in several ways, as follows:

Severely corrodes the positive plate grids with conse-
quent mechanical weakening and loss of electrical
LERTH (FIEA T

9 Decomposes. water of slectrolyie into hydrogen and

oxygen gas, as bbbl tend 1o wash active ma-
teriil from the plates and ca rry moisture and acid [rom the
cells as a fine mist.

9 Decomposition of waler beaves acid more copcen-

trated. Concentrated scid is harmfual to eell com-
ponents, particularly ot bigh temperstures over 8 prolonged
pericd of time,

9 High internal heat is created, which accelerates the

alswe mentioned corrosion of positive plale grids
ondl dninages separators and megatives. Also, containers
may he softened and distoried and eealing compound dis-
placed.

Chvercharging alone or in combination with a pre.

vious condition of undercharging may cause severs
busckling and warping af pesitive plates with ACC MR i
perioration of separators,

@ Moy cause damage by coreosion 1o cradle, cabiles
and oiher vital clectrical and engine parts by forcing
liquid from the cells if charge rales are sxcessive,

UNDERCHARGING

0 A batiery operated with insufficient charge over n

long period of time moy develop o twpe of sulfate in
the plates which is dense, hard and coarsely crvstalline amd
which cannct be readily electrachemically converted 1o
narmal active material again, Such lead sulfate, being less
dense than the active material from which it was formed.
will st wp strains in the positive plates so that distortion
af bowing of the plates, colled I:.u-EIIu;p_ may resull. Buck.
ling will be produced, especially if the sulfated battery is

subjected 1o sudden prolonged overcharging, a3 might be
experienced on a long irip or by an allepnator or generator.
regulator systemy which has gobien oot of wiljustinent.
Severcly buckled plates will pinch the separators ot the
plate corners or chofe the center of the separalors, This
may result in perforations of the separators and develip
a short circuit in the cell.

9 A battery operated in an undercharged condition is
it anly unable (o deliver full power, but is liable 1o
frecee during severe winter weather, See section on “Freey

ing of Electrolyte™, page 30,
B Lead sulfate formed on the ]llil.1l'l- duri.ug di-d:l'-Her

is relatively insaluble as long as the spreific gravity
of the electrolyte indicates o substantially charged condi-
thon, but 1f allowed o |1r|||| miich below this stale the lead
sulfate becomes incressingly solulde and, sided by tem-
perature Miectuations of the electrolyte, may migrate over o
considerable periad of time into the pores of the separators
and '!I'[""'?-il ns a white ervstalline noass, ﬂ"lﬂf‘lll]r‘"l |_'|:|.'|:|'F-
ing may converd these crvstalline deposits to metallic lead
which may “short™ the positive and negative plates through
the aress of the separators affected, These small shorts may
cawse a condition of low coll voltage when the lrattery is
charged. For this reason sstometive battery eells should sl
be allowed to stand fdle in o ll'!i'H'.I:lrF|1| caomdition,

LACK OF WATER

Water is one of the cssentin] elhemicals of a lead-acid starase
battery and wnder normal conditions of operation is tl;l:
oily component of the battery which i loat g8 the result of
charging. Tt should be repleced a8 soon as the Tiquidl Bevel
falls to the top of the separators, [f waler & not replaced,
and the plates are exposed, the acid will reach a anger-
wusly high concentration that may char and disintegrate the
separators and may permanently solfate and impair the
]JlEI'.Fll'lII'IIlfII'r of ithe plates. Plates cannot take full part ifi
the baitery action unless they are completely covered by the
electrelyte,

Sulfuric scid must never be added to & el unless 5t is
knowm 1o have boen lost.
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LOOSE HOLD-DOWNS

Hodd-downs, if not properly pdjusted, may allow the hattery
to bounce around in the cradle, This may cause the bridges
an which the elemwenis resl Lo ||!||:-|'|'| llll'l lattom of the sep-
arators and may cause the plates to notch the bridge tops,
-'||.uaihg 0 =V ETE 1|iinr'r.1n|':v|:mﬂ|l of the elements, 1 [
bouncing of the battery may also crack or wear the con
tainer badly and cause sealing compound 1o apen and leak
acid. Leaking acid corredes terminals and cables and re-
sults in high-resistasce bottery conpections, thereby weak-
ening the battery's power and shoriening its life, Wald-
downs, an the other hand, can be too tight, distort or crack
the container, allowing loss af acid from the eells, and this
will cause loss of battery capacity.

BATTERY ELECTROLYTE SUBSTITUTES

Mo satisfactory substitule clectrolyte has been found for the
gimple mixture of sulfuric acid in water. Use no substitutes.

EXCESSIVE LOADS

A battery should never be nsed to propel the car by the use
of the starting motor with clutch engaged except in a great

emergency. This may produce extremely high internal bat-
tery temperature am{ Emnu.pt' the starting motor,

FREEZIING OF ELECTROLYTE

The ebectrolyte of a battery in various slates of 1:hurg:- wiill
start to frecze at temperatures indicaled below, The given
temperatures indicate the approximate points at which the
firsk fce ur:..'u;lq begin to .Il-.1|:-|:-rur in the solation. The solu-
tion does not feeeee solid until o lower temperature (s
reached. Solid [resxing of the edectrolyte may crack the
caontpiner and damage the positive plates.

A % charged autometive battery is in no danper of dam.
age from freezing. Therefore, keep hatterics at % charge
O Mare, e-:pn:i:ﬂt}' during winier weathes,

Specdes Gravty Frpasing Tempaiofure
{Cauregied 8z BO*F] Dagreen Fohreahei
1.280 —B0°F.
1.250 —&2°F.
1.200 —1&°F,
1.150 I 39
1. 100 -+ 19°F.

PART XW¥II

INTERNAL EXAMINATION OF CELLS

The repair of defective balleries s not justified. The high
eoat of parts and labor as compared 1o the cost of replace-
ment with a pew battery make any projected repairs un-
peanemical. Batteries having oncgpiece covers sealed to the
containers with permanent cements cannot in any case be
apened for repair.

The following discussion in presented for its informational
value, and is illustrative of seme of the points covered in
Part XV1, “Factors Affecting Battery Life.”

INSPECTION FOR SHORT CIRCUITS

This condition m?' result from material falling fram the
p|lti‘=! and heing qmni.Lﬂl in saficient fﬁnhlil‘} o short-
circait the plates at the bottom or edges, Or it may be the
result of lead growing (“treeing”™) from plate to plate
ihrough & holo or =plit in & eeparotor, or a rough sdge on
a plate may have cut ﬂimu:;'E the separator, Lesd may
have run down during the lead borsing of either the plates
to the Flﬂu[ |||_rn|,|-g. ilg thr- rafineedors o the Such a
“run-down” may o shoertcircuit the element until later
when considernble wear hos occarred. One plate or several
plates in the element may have “buckled™, cousing exces-
sive wear and failure of separators resulting in s shorl
eieeuil of e element,
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EXAMINATION OF POSITIVE PLATES
FINELY DIVIDED SHEDDING

Finely divided, even shedding over the entire surface of the
itive plates, Fig. 31, is characteristic of o battery after
M B VPR,
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Fig. 31—Paositive Plote sxhibiting shedding ofter
lona service.



GRID OXIDATION

lef continued overcharging & always accompanied by
K idation ol the poaitive H_Fi: -, which reduces the metallic
cross-section of Ijr grid wires and weakens the plate, Fig.
12, so that it s easily broken woder clight pressure or
wilratini, Dher-charging can e corrected v by lower
Hltlijlll-'lﬂli.'l'l-l of the voltage regulstor to meet driving cons
ilrons.

CHUNKY SHEDDING

This may be coused by too high & charging rate on a sul-
fabed positive plate. 1 also might be coused by the battery
freczing while discharged. Too high n charging rate would
probably be sceompaniced by oxidation of the plate frame.
Chunky shedding may also be induced by wiliration die 1o
loose mounting of the battery in the carrier,
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Fig. 32—Positive Plate, showing severe disinteg-
ration due to collopse of grid mesh, corroded by

avercharging.

CRACKED OUTSIDE GRID FRAMES

This indicates severe expansion due to the positive plates
having been in a partly-discharged condition and having
baten permitted bo stand until eonsiderable hardening action
has taken place. This condition i aggravaiod by over
charging nﬁrr plates have become sulfated,

HARD PLATES

When the material in the plate is hard when seratched, like
the surface of an unglazed tile, it & indicative of heavy
sulfation, It may be corrected by a long, slow charge, from
Ol o DOMY howrs at kalf the sorenal rale, wnless the sullale
has become too extersive and coarsely ervatalline.

BUCKLED PLATES

Buckling of positive jlaies may be caused by plates stand.
ing in an umbercharged state for a consideral period ol
time, or may be the resuli of excessive charging, especially
after plates hove previously become dessely sulfated by
standing in an under-charged state, See Fig. 33

Fig. 33—Severely buckled Positive Plate.

DISCOLORATION

Low electrolyie level will sometimes resull in the formation
of & distinet area or 2one of whitish suliate near the tops
of the positive plates which were exposed to the air, while
the area covered by elecirolyvte will rerain brown in colar,
See Fig. 3. The activity of such & sulfated area is per.
manciutly impaired even though electrolyte level is restoped,

Fig. 34—Badly sulfated positive plote rosulting
from lew aleciralyte level.

Discoloration of |l|-:||r'l with white lead suolfate may aleo
appear in elements which have stood for considerable time
in a discharged condition in electrolyte of very low specific
gravity.

EXAMINATION OF NEGATIVE PLATES

GLOSSY NEGATIVE MATERIAL

Fully-charged sponge lead negative material normally has
& slnte gray eolor and glosses to a metallic sheen when
rubhbed smooth with the :ruu'L. of the thumbnail,
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SANDY NEGATIVE MATERIAL

This may result from operation of the battery when the
alement is shorted, or may be caused h{. high-grovity acid

ravated by high Eemperatures, [f these conditions of
;ﬁh gravity and high temperature prevail for seme time,
the negative sponge lead may become solt and muashy,

If the material appears to be sandy when rubbed with the
back of the thumbnail, it moy be doe only 1o a discharged
condition. This is due to the Fact that very ofien when a
negative plate is only partially 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 may take two or three days), the sandy feeling
of the material is not removed, the pegative plates may be
constdered worthliss.

LOSS OF ACTIVE MATERIAL

Loss of negative active material from the grids may be the
resull of high-specific-gravity seid, of charging when the
element is shortcircuited, or of exeessive lemperabure due
tn continuous I:IIlIﬁ'i:l‘l.F al am excesaive rals,

DISCOLORATION

& white discaloration may be dus to the secomulation of
white lend sullate, resulting from low electrolvie level, or
standing in a semi-charged condition, Dhark discolorations
Fay be duae o small dnl:pmiu of melallic im]mrith-.i. anuch ns
anlimany or copper, or may be due to the battery havin

been accidentally charged in reverse for & prolonged pericd,

EXAMINATION OF SEPARATORS

NORMAL CONDITION

Separators which are firm Tt Bexible, back in eolor
and without splits or holes, are canslilersl normal,

SOFT OR EXTREMELY BRITTLE

This condition s caused by prolonged exposure to high
temperatare {above 110°F.), highspecibogravity acid
{alioe 1, 50601 rﬂ.ullinE from waler logs. ar a comlvnation
of both of these conditions. These conditions usually turn
ithe separator very dark, almost black in eolor, Microporous
rubber or plastic scparators are usually not g0 affected.

WORN SEPARATORS

Waorn rators with ribs olmost destroyed and the back
weh p::hp: perforated, Fig. 35, are characteristic of sep-
arntors subjecied lo excessive pressure casssd by ockled
plates or excessively-expanded negative material or cxoes.
slwvn vilsral b, Fmpn.r:tn-r deterioration mu]l!in[.'; {rom exces.
s¥ive temperatures or highspecificgravity acid, will make
the scparator :r|:||l.||:|:| darker in calor than when tle capse is
nresarne Bram nillakes,

a2

rotor sever idized, ribs wern
Hﬂ;‘:’!—hﬂ porforoted neor Wﬂr-flﬂﬂ te buckled
positive plate.

PITTED SEPARATORS

Pitting of scparators results from pressure due to contsct
with Enm-rmll active material from positive or negative
plates. When caused by positive materinl, the pitting staris
on the rilibed side of the separator and may show dark.
colored, carbonized spots. When due o negative material,
the pitting slarts on the side of the mpalor in contact
with the negative plates and is often racterized by o
“worm-holed™ appearance due to movement of loose parti.
ches of active materinl,

FRINGED AT BOTTOM

This may be capsed by cxcessive wear dise to huckling of
positive plates, or may result from oxidation of the sep-
arators by the shedded positive active material,

Fig. 3&—Severely-notched separator due to vibra-
tion of loose aloement, or battery loose in cradle.



NOTCHED AT BOTTOM

Motches at points where scparators rest on the bridges
inalicate either loose nstallation of the !ull:er:." O EROEEE Ve
looseness of the element in the cell compartment allowing
separators to chafe on the i-|;_un|, S Fig. 36,

I¥ the ]ul:l-r-rg. was lsise in the car, the ootside of the O
tainer may show phrosion whers il camse in contact with
the battery-carrier suppors, I the container dees not show
sach alirasion, it ks possible that the clement was assemlded
too loosely in the cell without shims. Fxcessive and -
|l:l|r!el'i| wibration can sles capse this condition in correct]y
amssemlsled and installed batteries,

EXAMINATION OF COMTAINERS

ABRASION

I comtainer abrasion is moted, Fig, 27, i1 is a sure sign
that the battery has not been securely hebd in position. It
is then probable that the resulting severe vibration has
serionzly damaged the elements aind possibly caused cracks
in the eontniner, This condition may also have caused
plates to wear deep notehes in the element rests, Fig. 37, or
the rests to hove worm |||'\-|_1| nobches iy the bottom of the
separalars, Fig. 36,

PARTITION FAILURE TESTS

IF the hattery is giving trouble and requires repeated re-
charging, even alter pdjustement of the charging system,
and the fullychorged voltage of cells while on charge is
uniform, test for cracked or porous partitions,

N 1wa ﬂdj.ﬂl.’l'ﬂl wll= |I||1.-|' I_l|r.||'|ri:1:|' |'I';I.'Ili||"2l'l |1||||id_f|_']l:|t!.'
lower thanm the others, it §= a fairly good indication ihat
there is electrical leakage between the two eolls, The posi-
tivez of ane ewll, @il the rLi.'Flli'l'E'.! all |I1¢- nexl, dlﬂhllﬂ
against each ather,

CONTAINER LEAKS

External leaks or seep can often be detected by inspec.
tion of the hox walls. 10 in doubt about a leak on the lot-
tam of the hox, wash the battery all over, dry it and set it
on & clean dry prece of paper on a elean, dey board, where
s leak will prodice a wet spot,

DISTORTION AND BULGING

Holdulowrs which are too tight may poll consiners out
1Ir !I'Iﬂpl" I!I!1l‘| AT :I-I:.-Il;l:H |i|l|||:n||.||-|] | [ “E ;||1|_'.| r'l'gl.rk.,
High temperatures experienced in underdhe-hood locations
will aggravate distortion and may permit bolging of any
long, unsupported cell walls by the constant pressure of the
weight of lquid in the eells. The materials of which con-
tainers are mode become solter when heated o |-|ij|_1|. b=
peratancs, anil may distort under & steady pressure, even

I|1|:|u|::|| it be small

Fig. 37¥—~Container worn by loose hold-downs.

Fig. Jg—Element rests severcly-notched by vibro-
tion of loose element or bottery loose in

[ -



PART XWIII

CAR GENERATOR SYSTEMS

The alternator or generator is the source of all electrical
energy in @ vehicle, It supplies power for the ignition,
lights, heater blower, radio, air conditioner and other ac.
cemsorics, The batlery stores some of the generated energy
in chemical form to be used when the generating system is
not running, The battery is not the source of electricity,
bt only & storage reservoir, Tn starting, for instance, the
Lattery supplies the energy, but as soon as the engine starts,
the generating svetem should start to replace the electrical
BT removed from the battery, This is natorally de-

nifent on the capacity of the alternaior or generator and
the connected load. The capacity of the alternator or gen-
erator must be sufficient te carry the camplete connected
load of the electrical svetem, Original equipment batteries
are selected with sofficient capacity to crank the engine and
supply enouph elecirical energy for the ignition system for
starting the engine,

Ower a period of years the uses of electricity for powering
pecessories have increased considerably. These develop
monts have brought abouat changes in thye enerating ays-
tems, It has, for the most part, caused the ilL enerafor
o hecome obsolete in fovor of the sltermstor. It bhecame
impossible o design o ILC, generator which would have
any available culpat ot idle in a machine size thal was
practicable from an economic peint of view, Some of the
main differences etween allernstors and DG, generators

are listed below:

1., Rectification on .0, generators is #’ﬂl-lhl.‘lli!hﬁl 1-:, ot e
of @ commatator. On H‘h’ altermator this is accamplished
by use of silicon rectifiers.

2. Field and armature are transpeaed in the D.C, rator
and alternator. The ficld rotates on the -]Imnﬂwhih
the field is slationary on the D.C. generator, Conversely,
the armature potates on the DL gemerator while it 18
stationary on the alternator,

3. Brushes carry lull load current on the DLC. generator,
but only field current on the alternator,

{. The aliernator we considerably lesa than the DU.C.
enerator. This is dae malnly to the elimination of the
CaVY frame RCCEREATY o8 T!.f:. Hrurutum

Fl

Alternators are maltl-pole machines, while the standard
aubomative L generators are iwo-pole machines,

. Control systems for the alternator differ somewhat from
thise of the ILC. generators. This s cxplained in ihe

a4

various service manals sapplied by the alternator mam-
facturers.

ALTERNATOR AND GENERATOR
REGULATORS

The development and refinement of the common three-wmit
regulator became a pecessity for regulation of o charging
syabeen weing the D.C, shunt penerator, This regulater con.
sigls of m circuit breaker, woltnge regalator and carrent
regulator, When the generator is operating af charging
speeds, the circuit breaker connects the generator bo the
|1||!I'FF:| and when Illr eieralor alows o sbnyeE, it OIS the:
cirenit to prevent the ]ul:brr!,' from di.l:|1.'|r|.:i.11._|.' back
throngh the generator. The corrent regulator unit protects
the generator from excessive output Ty limiting the current
b a value eonsidered safe for the generator and for which
the gracrator was designed. The voltage regulator wmit
pperabes in the same manner as the corrent regulator, bat
is sensftive or opecates with respect 1o valtage rather than
cureent and limits the voliage 1o o valuk which is safe for
battery charging and safe for the other components in the
electrical system, -

Mow that mest automabiles are using the alternator is ploce
of the TLC, generalor, rr._|:|.'||.1.||.1inu sa shown considerable
change. Instend of one common type regulstor there are a
multitede of types. Thedesign of the alternplor is such that
it does mod require a current regulaior. The alternator is
self-limiting in its current oatpul, sk there is no actoal
requirement for a circuit hreaker. The rectifier assembly is
s conpecled to the outpul terminal that a properly con.
nected battery cannot discharge back to the windings. The
silicon rectifier 7= 8 deviee which allows current to flow in
one dirsction, but blocks current Aow im the opposite
direction.,

The anly function of the rrguham"q'-‘lrm used with aher-
nalors 18 Lo Prm.-id-r' contral of lhe nutpl.ﬂ '|.'|!|1|Zl.!|,‘.' :|'l:|r pra-
tection of the battery and electrical companents.

¢

BATTERY AND REGULATOR SYSTEM

The life and performance of the battery are so greatly in-
Auenced by the regulsior that it i wilally necessary to
undersiand how they depend on each other for satisfactory
operation, What®may appear to be n battery failure is often
altributable to a :rr'p.ur:llirr which has oot been ;rrupl:rl:r
adjusted. Unbess the regulator ia known to be in a satisfac-
tory operoling condition, it may not free o car from bat-
tery trouble to instll & new batiery. The following facts
copcerning this closs relationship between battery and reg.
wlator should be carefally studied.



Fact No. | — The Battery Is the Basis of Regulation HOW BATTERY VOLTAGE VARIES WITH CHARGE
o ; RATE AND 5TATE OF CHARGE AT BO°F.
By “regulation” i meant the control of electrical pressire

o lutind’” o e cnal of hivirkil fribe AS INDICATED OM CURVES ON A
hic it i st = 12.VOLT S5YSTEM

The battery, generating unit and regulator must work as a
teams, The batlery’s ability to resist charge increases as the

battery approaches follcharge and decreases when ihe iy

battery becomes discharged. Wo call this battery charge- LE]

teristic “counter voltage™ or “CEMF" {counter electramo- P ma =

tive force ), This behavior §s vitally important and Eives us B - an .r";'-

a full statement of “Fact No. 17 = The Battery Regulates g e :

The l:lurF':ng system Oy Its Change In Counter Voltage. gty A = -

Fig. 39 points out how the “CEMF™ uffects battery charging. i 1.2 T f
e | £ o
The chart is divided into two areas — & while area and & W T 0 np,al:’;:-
grey area. The dividing Tine is ar 14.4 volts, representing a s MD ]

typical voltage regulator setting or “Emit™ for a 12.voh 4 '"bt o ]

system. Thus the grey zooe covers conditions which are . ]

prevented by the limiting action of the regulator, while the ke g 7]

white zone is the working area of the battery. Battery ter- m A [r

minal voltage is indicnted on the left of the chart, while the 24

numbers along the bottom represent the charging current 2.8

from the allernator or D.C. generator. The heavy black 6 8 @ 1B M &% 30 34
lines morked with varicus states of charge are called

“Charge "I-?"'lﬂﬁ‘e Curves”. These curves tell us what charge AMPERES
rote a healthy battery at 80°F. may be expected to accept

at various voltages and at varions states n}murm. T use

the chart, sobect o voliage and meve Huirjﬂ across lo the

right unti] we intersect the charge vidiage far 'I'J'H"['lﬂ:rlh-ullr Fig. 3%
state of charge we are interested in, Moving straight down

from the intersection. we can' read the charge rate in am-

peres. If we like, we can reverse this procedure, starting with HOW BATTERY VOLTAGE VARIES WITH CHARGE
a charge rate and reading off the corresponding voltage, RATE. SHOWING EFFECT OF TEMPERATURE AND
The curves show thata batbery in the mare discharged con. STATE OF CHARGE ON A 12-VOLT SYSTEM

For iostance, the Y charge. curve shows that a battery in
this condition will imately 30 amperes at 14.4

volts for o 12vale Eflitn'l aw ill take more al higher vali-
ages. We can assume L%zwr: that even at higher

ditipn will mtq higher charge gates at fairly low voltages,
i
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vallages the carrent woald mited to the generator or @ oL
aliemnator capacity, In the case of the D.C. generator this ; TN —
would be lmited by the regulator, and in the caze of the p ﬁ. ] ___,.a-""r.
alternator, I‘l!- the ulNimiliﬁﬁ feniure of the altermator " e [ =
itsolf. We have assumed the limit to be 35 amperes in - i e
Fig. 39, # 1 E 50 ———
g 1m0 &= -
As the battery becomies more nearly charged, higher and Ly
higher and higher woltages are required to maintain the E 1.0 ——t— -
same charge rate. The yollage regulstor steps in to limit e B SR B
the vollage, so'lhe o rate is reduced, Thus we see tha i g e .
a % charged battery at 144 volts can be charged af 15 d Eo
E.mpcm: at full charge a voltage of 184 gives only about : SRS A0, 30 B
b e~ AMPERE S
We cnn state this principle of lation insimple terms by ! FULL CHARBE
saving — IF THE CHARGING VOLTAGE 1S LIMITED, e
THE CHARGING RATE WILIL BE REDUCED BY THE
BATTERY AS IT COMES UP TO CHARGE. This is the
reason that batteries must be considered in any discussion
of regulation, Tt also brings up anather important faet. Fig. 40



Fact Mo, 2 — Anything that Affects the Battery or
Regulatar Affects Regulatien

We have ssem low moch the STATE OF CHARGE of the
];um'r affecis ch;[p_;r. '|.'|:-|I:u_|.|ﬂ- There i another variable
which lins slmost oz moch efecl. That varialde & TEM-
PERATURE. Fig. 40 shows graphically the effects of both
states of charge and trmruturn on charge voltage, Again
we concern ourselves with a 12-valt system.

Mote that 3 hali-charged bottery at 0°F, will aoeept same-
rhins in the order of 2 amperes alb 144 volts, Under the
same conditions the lattery will acoept about 27 amperes
at BO°F, and full alternater or generator outpat at 120°F,
This is a seriozs matter in actual automobile operation
since varions parts of our country are sulject o wide
variations In lemjperature,

The effect of temperature on regulation is {urther intensis
fied lv the fnct that the regulator, too, is affected. To com-
te for the changing temsperatunes wnder which the
imurr_l.' miast perform, regulators have components and chor-
acteristics desizaned into them to change the system valtage,
As the ambient temperature decrenses, the charping vollage
i mereasedl 1o overcome the higher battery CEMF, and
thus to permil recharging. As the lemperatnre increases,
the voltage is recuced to avoid overcharging the battery,

Becawse the limits actually held by the regulator are de-
pendent on the temperature of this regulator, it s vory km-
portant 1o contrel its temperatare while checking and
adjusting, For this reason, serviee instructions emphasize
that all regulator checkz and adjusimenis muost be malde st
*operating bemperature” and under carefully controlled
conditions. Seitings made without cleerving these conldi-
fions are erratic and difficall to reproduce, False settings
thus olmained are responsible for many forme of clectrical
troubbe ntsu|liu|:: [roam Lo hip;h or loa low & '|.':|'|Iu||::|.- Tammit.

Since the battery is essentially a chemical product, its thnrlf-
Ing [-rnfq:rlin'. are oo altered '||:.' chemical f‘]'ll.ﬂ!tﬁ inm Ehe
hnllr::; iteell, Changes of this kind may be brought abeu
deliberately by the manufacturer or they may resull from
long use, prolonged operation at high temperatures, and the
addition of impurities, Any signifieant ch mumile in the
charge-voltage characteristics of a battery will definitely
affect n:guTlI!im and may b m]'nlll!l'lllll! Tar r:lt[}' Tailure
il overlsoked. Sullation, while narmal, may be troublesome
if it is allowed to become excessive, Bince sulfation is likely
1o sreur whenever batterioz are neglocted for s T-unE o |
of time, 1t can occur in new batteries in stock as well as in
used ones. A battery which i= sulfated often will not accept
an adequate charge rabe from the sltermator or generator,
and ropidly starves 1o death on the job. Battery Can
find no better argument for systematic care of battérkes in
siock than the nevessity Tor protecting the vita] charge.
voltage characteristics, A battery with abnormal charge
charscteristics simply cannot exist under the close voltoge
limils in n modern automobile.

This brings us to a third fundamental of reguolation:

Foct No. 3 — Regulator Settings Must Be Correct
for the Battery and Type of Serviea

W have sorn how the battery actoally controls its own
{'|\|r|:t,- rate when the nllllpgc rr!.'alluln:r limits the r]'l.urgu
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voltage, We have plso seen how much the batiery charge
voltage and the regulator are affected by changes in tem-
perature, Putting the two ideas together, it is not difficult
tor see ihat the setiing of the voltage regulator is extremely
impirtant, The proper adjstment of the voltage limit on
any wehicle largely determines the success or failure of the
electrical system on that vehicle. An incorrect vallage reg-
alater setting can cause damage ranging from burred-out
lights and damage to the ignition svstem, to complete de
atraction of the f-;tlu-r:.- and for generating wnit. Failure 10
urderstand the importance of this matter cesults in weneoes:
sary and costly service expense lo owners of automolive
equipment. Changes in seiting, of eourse, must be made
only by a qualified autemetive eleetrician,

Cranting that (he voltage regulator sctting is very impaor-
tant, the question then becomes, “what s the proper set-
ting " The wdeal setting may be defined o=, “that sctling
which will keep the Battery st or near Tull chorge with a
minimum vee of water when the vehicle s gsed in its cus-
fomary way, =sach p definttbion makes 1l easy o see what
mred be done, Wi simply set the regulator within the range
and moke frequent checks of the battery over a perind of
several ﬂu.:.u of a few handeed miles of service, T the hat-
tery loses water rapidly, the selting is too high and should
I redluend, (A usage of 1 1o 2 cunces of waler per cell per
146K mibes hos been found to be sceeglalle) T8 the bat-
tery falls below three-fourths slate of charge, the setling is
{oa low and should be roised,

When designing anlomadive squipment, the manulacturers
select @ v lage: :-|1|:‘1"iﬁll'ﬂli|:|l'l which will ulilEn-:tnril}' main-
tain the battery in a healthy stale of charge, This selection
is bnsed an the type of equipment and the type of service.
Because of this :-:-|I:'linn, it will selddtn be necessary to ad-
just the woltage setfing ouwlzideJihe Csatisfactory™ range
puablished Tev IEH‘ regulator and car manufacturers,

Since the voltage regulator is lemperatare-compensated,
normal changes in | rature do nol reguire that the reg-
ulator setling be modificd, . Alss, the irements of &
constant-duty application ape foreseen by the manufacturer
g that o apmiulpvullngr.- setting e specified. Occasionally,
different battery characleristics or abnormal aperating con
ditions do require a modification of the voltage setting to
mzaintain the battery in 2 satisfactory state of charge. When
a check of the battery, over & reasonable period of time,
shows that it is being undercharged or overcharged, the
regulator seiting shoukd be checked secording to the manu.
factarers recommendations, 10 6t is found necessary fo
“tailor” the voltage setting for that particular application,
sel the unit o the upper or lower Timik i the “satisfactory™
range o correct the undercharging, ar overcharging. Only
i entreree eases will it e fl;ll E Ty 16 e & :etl:'qur
oulside the hl.HI:iI.rﬂl:lllr:I'" range.

O applications where extreme heat is encountéred, the bat-
fery may 1|1m- EErIOES m.'\l-rr.'lmr i even al f.pirl}' o
regulator settings, The reasan is the batlery’s counlers
voltage or abilily to resist charge is greatly reduced as it
heats up. When in thiz condition, the battery is unable to
reduce the charging rate 1o a safe value and thus continoes
to gel even hotter. Thiz condition :I'I.'ﬂl]11'll[l:f' indicates the
need for mogtill lower selting of the voltage regulator, or
better ventilation of the battery (or hath ), ft'in usually bet-
ter ko reduce the vollage selting first to correct overcharging



as this is often all thae s required. 1 i minkmom setting
does mot prevent overheoting, then battery wventilation
should e ﬁlﬂ-k.ml

When rediucing the voliage regulalor setbing to prevent
overcharging of the battery, care must be taken that the
m:ll!'lrlgI 15 nol reduced lselow g gale limit from o mechanieal
stand poinl; munulaciurer’s instructions should be followed
in all cases,

I1 o batiery continues to overcharge seriowsly after ade.
quate ventilation has been provided od the uilngn selling
has been sedueed, it is likely that the battery already hos
been permanently dnmaged by eontinued overheating and/
or overcharging, or has an internal “short.” [n such a case,
nf M| el ki 1.l|1|:|' n.-rrm:l:r may b-r. 0 TeEw h.\l'tcr'!.'.

Minimum voltage regulator settings may be required for
vehicles driven 1'n-||'li|1um.|5|'!.' af hiEh speeds with moderate
elecirical loads, This classifestion wouldl incluiles, foF ex-
llr!1|l-||.'. traveling salesmen’s cars, crossscountry buses, and
gnmae trucks. Here tht' 'Fll'-iﬂl-]-l?l'l‘l is one of |11:||:|'t||.; ||1r ﬂ||h|
or “laper” chorge rate down to 8 valie which will not
seriously harm the batiery. The numbser of miles driven
is mare thsi caough to keep the battery !'u“:,u:'lmry:-:lr sl
overcharging is a constant thoeat.

At the opposiic end of the seale pre the vehicles which are
driven too little, ton slowly, or which encounter low bat.
tery temperatures regularly, When a battery is coobed, its
eounter voltage increpses rapidly. In extreme cases the gen-
erator may be able to pot linde or mo charging current into
the battery at normal regulator setting=. Batleries in these
units suffer {'I}I'I'I'il'l'l.bl:rllll'_'r from |J||1'|rr|.'|ur:|.ri||; and are
chronic sources of trouble, Mild cases of undercharging
aften can be cured By higher voltage regulater settings, but
severe and persistent underchargin requires Purl..:.&:: s
charging from an outside source. In very severe sulezero
climates it is a good idea to conmet a low-rale rlmrp*r tia
the battery at night to keep the battery warm enough to
accept charge when driven in the davtime, Applications in
which persistent undercharging most often occar are in-
frequently.used private caps,” delivery trucks, ond same
types of buses. In addition, almast any vehicls not equipped
with a ial charge-gl-idle generator will give trouble if
driven slowly and continuously, as in very heavy traffic.

Summing up, we find that we can write Eight Rules for
Good Regulation which cover the minimuom essentials, ¢

EIGHT RULES FOR GOOD REGULATION

L. Remember that the hattery is the basis of regulation.

2. Remember that anything which affects the hattery or
regulator affects regulntion,

3. Birive for low watcr-consumption as an indication of
proper regulator setting.
4. Waech battery ventilation.

EL'EEJ all electrical connections elean, Iip;]'l'r., nmel wipes
intmd, .

fi. Remember that all regulator checks and adjustments
must be made ander specified conditions,

When unusual service conditions reqaire b, adjusl the
regulator to the job.

[

B, Whonover posailile, keep a follow.ap record on the bat-
tery,

Remember thot driving habits and the wse of sccessorfes
are imporant factors in Eﬂ:pins the hal:trr_:,- in o salisfme-
tory state of charge,

PRECAUTIONS TO BE OBSERVED WHEN
SERVICING SYSTEMS USING ALTERNATORS

I. REVERSED BATTERY CONNECTIONS MAY DAM.
AGE THE RECTIFIERS. VEHICLE WIRING, OR
OTHER COMPONENTS OF THE CHARGING 5YS.
TEM, — nilllr'r:r |.||.1|lrilg.' shoold be checked with a
vallmeler to assure that it conforms to that wired,
Note which terminal post is vonnected to ground before
reinstalling = |-al|:-|-!r:r,

2. IF ROMOSTER BATTERIES ARE USED FOR START-
NG THEY MUST BE CONNECTED PROPERLY TO
PREVENT DAMAGE “TO THE SYSTEM. — Always
make certain that the (=) pegative terminal of LIL:
lwoster battery is connected o the §— megalive et
minal of the vehicle battery and thm the () positive
termimale are |'I||F|I'||‘1'||‘1‘| lllpl'lhtlt,

3. CARE =HOULD BE TAKEN WHEN CONNECTING
A CFAST CHARGER™. — Tt i» advizable to remaove the
hattery pround steap before charging. [t is nat sdvisshle
unider any condition o attempt @ dan the vehic ¥
uzing the “last charger™ as a booster, '

d. T NOT ATTEMPT TO POLARIZE THE ALTERNA-
TOR. — No polarization is required, Any attempt to do
so peay resull in damage to the alternator, regulator or
circuile,

. THE FIELD CIRCUIT MUST NOT BE CROUNDED
AT ANY POINT. — Grounding of the field will damage
the regulstor, Extra care must be token when warking
near this electrical system.

6 GROUNDING OF THE ALTERNATOR OUTPUT
TERMINAL MAY DAMAGE THE ALTERNATOR
ANDVOR CIRCUIT COMPONENTS. - Unless the reg-
ulator is equipped with a circuit breaker, this terminal
is “hia” even when the svstem is not in operation.
Grounding this can cause considerable damage.

7. DO XOT CROUND THE ADJUSTING TOOL TO THE
REGULATOR BASE WHEN ADIUSTING VOLTAGE
UNIT OR OTHER REGULATOR COMPONENTS, —
The adjusting tool should be insulabed.

B CARE SHOULD BE TAKEN IN THE USE OF BAT.
TERIES OF HICHER-THAN-SYSTEM YOLTAGE
EITHER TO BOOST A BATTERY OF LOWER VOLT-
AGE, OR IN STARTING., — Never leave the higher-
valtage battery in the system. When used for boosting,
disconnect the vehicle battery ground. When used for
etarting, disconnect the higher-valiage battery as soon as
vehicle is started,

2. ALTERNATORS MUST NOT BE OPERATED 0N
OPEN CIRCUIT WITH THE FIELD WINDING EN.-
ERGIZED. — High voliages will result, causing possible
rectifier fnilure, Make sure all conmections are secure,

LA

a7



PART XIX

ELECTRICAL TERMS DEFINED

DIRECT CURRENT (DC)

A continuwous, umlirectional and non-pulsating current pro-
duced by storage haneries, |i predweed by a generalor or
rectifier, there mav be =ome slight variation due to com.
mutators of generators, or due to the rectification charac.
feristics ol rectifers,

Yol The unit of measure for clectrical pressure or cleos
Iromolive f-n:n.'r:, measared |-:. & l.--||:|-.q-lq-r.

Ampere— The unit of measure for current Aow, messured
by on ammeier.

Ampere-Hour—A unit of measure for battery capocity,
abitained by multiplying the current flow in amperes by the
lil'll' irl ]IIIIII'— -||.I|ril|= '||.Ili|'||. II|{" -I'ul'rf‘ril Illﬁl\'!. *Iﬁr {'xﬂm]dr‘
a battery which delivers 3 amperes for 20 hours can be
sl b hove deliversd 3 x 20 or & .H'|||:r'r|"-|‘|||ur'_i_

Watt-— I he unit of electrical power obtnined by moaltiply.

ng the Ak T ﬂll'ﬂ.iu;._' !I'|. 1l \il]lﬂl;'l' which [orces #t o
flaw. Watls = amperes = volts,
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Watt-Hour—The unit of clectrical ENETES alibained ||3-
lllllllil,lt:. ill;g the m:uu-rl'-hl-ur ot |:-!.' the aveTage "-'!:l"‘-.lﬁl."
I’hhlr'lr'u.' the discharge. Watt-hours = wvolls % amperes =
L1E] e

Ohm—The unit of electrical resistance opposing carrent
flow and causing heat when current flows,

Ohm's Low—Expresses the relationship between volts,
.:Ill1ih!n"'|- I:I!II\.I ||-|II||-|. .lll i -|'||'| 1|:| .|.| |'i||'||i|_ .rhr ]u,w miay I:-r
expressed in Lhres ways:

WValts
Ohims — Amperes

Volts — Amperes . Ohms

Vo
Amperos Chms
Knowing any twoe of the three values of voltage (Volts),
Current { Amperes b, or Resistance (Ohmsb, the third valoe
iLfdi l!u' caleualated From e i.[ II|I_-"-H.|.H|.1,'.E I]Lrl.:f e:pm:\;urﬂ.
of the law,
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