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Battery Terminology.

Agtive Materialg. Materisls of plates reacting chenlcally to produce
electric energy during the discharpes The active material of storage
cells are restored to their orijinal composition, in the charged cone
dition, by oxidation or reduction process produced by the charging cur=
pent, In the charped eondlf/ion the active materi ls are as follow:
Positive 'lite /= Lead dlexide = ( PBO, )e
Nerative "late =  fpanpe Lead  ( Pb )e

Activation. process of wetting the eell with electrolyte to make the
gell ready for operatlon,

M&M “Ths number of amere = hour which can be deli-
vered by 2 coll or hﬁtaﬂ" wrler qam‘.‘iﬂ.nd conditions as to temperature
rate of discharre and finsl voltape,

tverage Volioge. The average voltage of the wvoltage during the period
of charge or discharge, It is conveniently obtained from Lhe time inte=

gral of the voltage curve,

Batterys 'n arranrement of two or more cells, usually ceries connected,
te susply the necessary voltage of current, or both.

Boost Charpg. / p rtisl charge, usually at a hich rate for a short
period,

Cgpacity. The cuantity of electricity, usually expressed in ampers =
hour, which may be taken from a cell at a particulsr rate of discharge
under specified conditions of voltage and temperature, Unless otherwise
specified, the term " Capacity " may be used to describe the standard
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rating of a nlste or cell, (output capability over a period of timej
expressed in ampere = hours).

Cell, Basic = Unit for conversion of chemical energy to electrical
energy and alsoc for the reverse precess for recharpeable unita,

Cell Connector. A conductor used for carrying current between adjacent
calls,

Cagee A contoiner for several cells, Specifically wood cases are cone=
tainers for colls in individual jarsj rubber or corposition cascs are
provided with compartment for the cells.

Charge. The conversion of mlectric @nergy into chenical energy within
the cell or battery, This consists of the restoration of the active
materials by paseinr a unidipsétional current threugh the cell or bate
tery in the oprosite directiof to that of the discharres / cell or bat-
tery which is said to be 7 charred " 1s understood Lo be fully charged.

Charre, state of. Condltion.of a ogll interms of the capreity remalning
in the cell,

Charrinfe. Procees of supslylng slectric 1 energy for conversion to sto-
red chemicrl energy

Charging Ratge The current axpreuséti in ampere at which a battery is
charped,

Closed = Circuit Voltages The voltace at the terminale of a cell or

battery when current is flowing.

Constant = Current Charge. ' charfe in which the current is msintained

at constant value, For soms types of lead batbteries this may invelves
two rates cnlled the storting and the finishing rates.

Copstant = Voltare charges A charfe In which the voltage at the tLere
minals of the battery is held at a constant value, A modified constant

voltape system i usually one in which the voltare of the charging cir—
cuit 1s hel! substantially constant, but a fixed resistance is insorted
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in the battery circuit producing & rising veltape characterlstic at
the battery Lorminals as the charre propresses, This tem is also ap-
plied to other methods for producins automatigally a similar character-

18‘!‘.1‘5-
Centginaers # bax of ;lass, of ebonite or of other sultable plastics
material in which the plate preups and separaters are assembleds

Counter Fleclromotive Force Cells, Cell of practically ne capacliy

used to eppose the line veltare, Frequently called " Counter ceolls,"

Couples The element of a cell containing twe plates, one positive
and one narative, This term is glso a;plied to a positive and negative
plate connected Lopether as one unit fer install:tion in adjacent cells,

Critical Tempergtures The tamperature of the electrolyte at which an
abrunt chanpe in copacity occursy

Cutoff Voltsro., Veltase at/ the end of useful discharge. See end-peint
voltape,

Cycles One sequence of discharpe and charge,

Deeo Discharge, Withdrawl of all electrical energy to the end=point
voltage before cell or battery is recharped.

Discharres The conversion of the chemical enerpy of the battery inte

electric energy ( withdrawal of eloctrical energy from a cell or bat=
tery, ususlly to eperate connected equipment ).

Disgharpe. The connaection of a cell to an externsl circuit in such a

way that the current flows through the cell in the reverse = directien
te that of charre. The guantity of electricity thus talken out is knewn

as the dischorre, and is usually measured in ampere - hours.
Dpaine Withdrawal of current from a cell,

Dry. Indicetion that the electrolyte in a cell is imcobllized, being
elther in the ferm of a paste or rel or abserbed in the separator ma-

terial,



Dry _Charge. ~“rocess by which electrodes are assembled in a cell in a
charred state, 1.h addition of electrolyte, the cell c:n be .ilscharged.

Opy Shelf life. ‘'eriod of time that a cell can stand wilhout electro=
lyts before deteriorating beyond a2 point where a specified capnelty or
voltape level con be obtained,

Efficiency. The ratio of the output of a cell or bittery to the input
recuired Lo restore the initial state of charre under specified condle
tiens of tarmerature, current rate, and final voltage. The efficiency
of & battery = eneryy input versus energy output - can vary very widely
dependiiny uron the clrcumstances of use, small amount of anergy is
reruired to maintain it, ewven withoul any use, so that the greater the
amount of nroper use, the hizher the efficiency, Neminally the rela-
tion betwesn o normal dis hapfre anl the necessary recharge is the basis
on which efficiency is considereds

This mey be mr‘ﬂﬂmmtﬁn ways = o= the cmpere = hour effici-
ency, er the watt hour effici=ncys ’ In terms of ampere hours, it is -
usually consilersd that the pecharge should eww'l 110 < eof the discharge
giviny an efficlency of about 9L %, - lowever the averars voltage on
charse 1g considerabls hizher than on discharpe in an approximste pro-
sertion of 17 = 18 % gving a voltage efficicncy ef 85 k. Combining
thess two 0e91 x D5  resulis in & watli = hour (or total energy, offie=
ciency of 7778 # which can be considered as a representative fipuro.

Electrolyte, OSolution that permits ionic conduction between anode and
cathods or thr. & kea nart 1n tas chemical reaction in a celle n aqueous
selution of sulshuric acid used in la i ceollus (he concenlration of the
solution: varisr scmawhat with the type of cell, its use and condiltione
The electrolyte of charged cell at 7¢% (21%2) will ordinarily fall
within the Tollow'nsr naminal limits ef =peelfi: pravily.

Lead - acid

cells
maccirmm
minimm ———— 1,200




Element. ihe vonitive and negative proups with separaters assombled
for 2 calle

m~

rellse The e~lls of a battery whlch may be out in or out of the
eireuit for the purpese of aljusting the batlery voltage,

Snd - t-pa, GCall voltare balow which the connected e uipnent
will not onerata or below which eperation is not recommended.

Epersy. Outrut capgbllityj exoressed as capacity times vollige, of
vatt = hours ( w = hr ),

Energy Densitye, ratio of cell ,g'ma/‘v‘ to welsht or volumne ( w = hr per
- S /’/ v J /&
1b or w = hr per cuein, }-":; o ==

s g

Ko 2 e charge eiven to a bettery to insure
the complote restoral !.ﬂ( f/ ths*pctiw materials in all the plates of
all the colle //, _(,

o inferrcd else’ ui‘:m, {ﬁ ia nacessary that a b ttery be brought
to a state of full charfe An' WJM‘ to avoid exee s sulphation yet apo=
pecickle over = chapm mmwidad. T accomplish this it is
common practice to step dnil*,r or other freouent recharges wvhen the bat-
tery is nominally mtmtoh/r:furm, and then pive a per-
fodic " equalizing chﬁ.);'pu. This is s rsAEI.y a contimuation of a rerular
charse until a complete state of charge is attsined, In theer~r such
a charee saoubi belcontinied until sucessive rewiings of pravity and
volt:, ¢ snow 0o inerease over a period of several hours. In practice
4t 4s urnally done by contimulng the charge by time - clock for a cer=

tsin perlol whleh axnerience has shown to bs adequate,

The {re wan-y of Lhess equalizing chargen wvar-ies with the ser-
vice applicoiion = form weeidy in industrisl cycla service, Lo sorve-
ral months in standby {loating serwice.

Voltspe, The preseribed woltore upon resching which the iisch-

arpe le conelderedi completes The final voltape 1= usually chosen so
that the useful eao eiiy of the cell is realizeds Final voltofe vary
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with the ty-e of battery, the rate of the ilschaorpe, temperature and
the service in which the bettery is used,

Einishins llates 7he rate of charge expressed in superes Lo which the
charring current for some types of lead balteries is reduced near the
end of charre io orevent excessive passings ani tompereture rlsa,

Floatinge met ol of operation in which a constant voltage is a, plied
to the battory terminals =ufficient to maintain en approximately cone
stant state of charre.

Float chorcinre Methed of recharglng in which a second ry cell is cone
timicusly connacted to a Mﬂtmm suoply that meintains the
cell in fully charped Porﬁ:i:tmd.. fJ#

. )’4& uper* 1un of a battery in paralle with
a8 load =nd a chorging @n{u‘w,gz guch an a;plied voltage that the bate
tery takes a charre r/»m #Ho, g?p;{rrinr source which is sufficient to
maintain the cells in's 8 “ul,lr r*h&m:;ad condition indefinitely.

Cas » 8 menticnad url" ,“T‘;‘.rggw,:%hat."ary cell cannot absorb all the
anersy from the {-Ha;;fiup eurrant toward tha end of charge, and the
excons encrry dissociates w electe "],vruls {nto its ccnponent prses
hydrogen anl exyrcn, iy at tha positive platee
and the hydroren aiithe nagatives | ihenm & battery is completely charged,
all of th: ener(y, exceot Lhe mmall resistsnce loss, 1n consuned in

thia glectrnlyala.
Dune & pecharss, ooing is firel noticel whon the cell vol=

Lagpe pearhicn 2430 = 2,35 wolts per ooll and increases <8 the oharre
orosTesses, t Tull charp= vhen most of thea aneryy goas into gaa, the
anonmt of hydroren libar-ted is sbout ons cuble foot ner cell for each
63 ampers hours inut, Tn a9 mch ae 4 % content of hydroren in the
air m y be hogarlous, the above value m y be used to relate the s B
myu emount f=om A riven bztte-y to the 3ize of the rooms In which it
i= located

Gride notsllle fravework for conducling Lie electrle current
ani supportin: Lhe active materlsle
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Croup. A=zzembly of e set of plater of the sume volarity for
one cell

I - 'cta 0 ¢ ithdrawal of lars~ currenis for siort
intervals of Lime, usurlly =t a rete tha' would cempletely discharie
a cell or batbory in less than 1 hr,

Initicl draine Current that a cell or battery suppliea at nomie
nal voltoiue

Internsl resistance, Oppesition te current flow within a cell
(ohms) .
ad = cid Cell. A'esll ig/ fch the slectrolyts is dllute
sulphuric acid nd vhi: @ﬂmd mmhtaa in which the active mave=

/

riale ares

1) Pesitive  lead &imd.de
2) Wer tive e /M- j -sponge laad,
Low = Bato Jis harro. Lthc;rmml ‘of small currents for lon; periods

of iime, usu 1ly lonyar bﬂ:..rll'

Mossinre “hin ie hﬂ temusﬂ to ﬂmribc the poesible d=position of

a sponpelilie loyer a*r\ & =TT AR plat.n'—: or straps, “his matoe
rial w.s ori in Ly : M’{muuh the pecitives) in

very fine portielss and cireulited throughout the c~ll by passing, fall-
inr on beih the positive and parztdao plates, when 1n =ontact wih elther
plate it 1~ chenred to the sotive m te~ilnl of thet nlate, 7That on the
positive 1= " los= " and non cohesive in native end siople washes off
arain from the rasaine of the celle Such matari:l on the negative plate,

however, is cohasive In nature anl thus adheres to and builds up on the
too edge ~nl neacibly alonp the side edpes of the plate, It can accumu=
lste to <ueh an axtent that it bridges over or around the sep rators,
touchiny rn 2ij cant positlve plate and c using a partial short circuit,

Th= =c-arualation af any z2.precl ble a:cunt 2f mass 15 usaally an
indic-tion of over=charrine in ampere houra and or hish char-in: cuarrent
in amsepres oither of vhich should, of coursa, ba corrected.
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Begative "lates The crid and active matericl to which the current
flows from the externol circuit when the battery is discharcing,

lieminal Veltares Velt ge of a fully charged cell when dolivering rated
capacity.
Open = Circuit Voltage, The veltage of a cell or battery at its termi=-

mals when no current is flowing, For the purpose of mecsurement, the
small rurrent reculre! for the eperation of a voltmeter is usually neg-

1ligible.

Pilot Cell, / selected cell whose temperature, voltage and specific
gravity of electrolyte are assumed te indicate the condition of the entire
battery.

2late. The unit which, singly er in greups, is sulmerged in the elec-
trelyte so that it forms the whole or part of one of the electredes of

the cell,
1) Jositive plate, ‘the plate which forms the anode or part of

the anede during charrge,
2) DMegative plates The plate which forms the cathode or part

of the cathede during charges

Plate Crewp. / complete electrode consisting of either positive or-
negative rlates, together with group bar and terminal pillar,
Pglarity. /n electrical condition dstermining the direction in which

current tende to flow, By common usage the discharpe current 1s sald
te [low from the nositive or diexide plate threupgh the external circuit,

Polarizatione The change in voltage at the terminals of a storage cell,
vhen a specified current is flowing,

Pegitiye Plote. The ;rid and active material frem which the current
flows to the external circuit when the battery is discharging.

Primarye Cell or battery which cannot be recharged efficlently er
safely after any amount of dischargee



Ratinr. The ampere = “our capsclty of a positive plate or cell, ussi-
med to it by the maker, under svecified condition of discharre.

Rechargeabtles Canable of belng rechoryedj refers to sacondary calls
or batteries,

Refevence Tomoerature. The capacity obtained from a sterage battery
on dlscharre varies with the temverature of the electrolyte. The fel=

lowing stanilard references temperstures are est:zblished:

1) The temperature of clectrolyte at beginming of discharpge shall
be 25°C (77°F)e lNo lumit is placed on ths temperature a'tained by the
electrolyte during ilschargs, W /

2) The ambient t.am-:erat.uﬂ mf-«dlschnrfe shall be from 5°C to
8°%C lower than the Lemsaraburg of the elsctrolyte, on the beginning of
discharpe, The nmbiu@- /g,mp}}srg uhn].'L\bn ket const nt throughout

the discharce, // / 7/ / E

Secendary. (ell or bnt.t.ew uhirﬂ ca.n be r&ﬂh“rfﬂd after being discharyed
under specified mnl!.tiuﬁu nr m

Sepgrator. A device for n i ‘_.;mat.ﬂl‘l.n contact bstween the plates

of opposits nolarity within 11ly treated wood formerly
used for this ﬂumaanmuimh renlaced by improved
nerforming mecinleal separators. These include resin impremated
cellulose fiber types alse microporous rubber and other plastica used both
alone and in corbination with plass fiber mats as well as fl:t rlass
fibar sheets with a micreporous backing.

“an rators have ribs on the side faclng the positive plates to
provide greater ncid velume next to the positives, for reasons= of impro=-
ved officiency, and to facilitate acid circul.tion within the cells The
ribs also minimige the area of contact with the positive plate which has
a highly oridizing effect on most sep rators. Class fiber ret:iner mats
or perforated rubber or other plastlc sheels are apmetimes placed between
the nositive nlate »nd the separator to retard tha loss of active
material from the plate and to protect the saparitor from oxldations
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‘helf 1ife. For a iry coll, the peried of time (meu:sured from the d te
of msmufrcture), at a storase temoerature of 'm‘.i-, after which the eell
rotain & soeelfied sercentare (usu 1ly 90 percent) of its oripinul ener-
Fy content, /loo see wet shell life,

o Gpa of . re The electrolyte of lead = acld batter-
{ee increases in concentration to a fixed meximum value iurin- charge
and decresges 'urinp discharge, The concentraiion is ususlly exoressed
as “he sneelfle gravity of the solution affords an appreximate indica=
tion of the stote of charge. y

The snecific rravity of qu]{@.«c scld in battery is measured
with hydrometer, The hy@mer rau:ﬂ:r’vaﬂoa in accordance with the
,ﬂ.c grﬂitymasuml gl any must be core-

tempersture, therefors
rected to the standard /ﬁmﬁa of 20 &(630?}.

The veriation -/GM/.-;/ (148%) with 20°% (68%) as tho
T —e fe S0

scific rravity fells by 0,0007/°%C or
040007 /%F withighe tm{ ernmﬁ@ ;_t_me 20% (68%) while it rise by

0,807 /% ith the torperstums balow 20° (68%),

168 Tne method to Mm gravity at a certain tempera=
ture to ths atmnl-vd : gﬁ-ﬁﬂﬁ‘) is as follews :=

Say = 5t - 0.0007 (t = 20)
where! F'ED = Specific rravity of dilute sulphuric acid corrected to
o
20% (62°F)

= “pecific previty of dilute sulphuric acid measured at t°C,
= Temperature of dilute sulphuric arid read by celcius scale,.

Stationary Satterjes. re Lhose desisned for services in a permanent

locations

“terage Patierys 2 connscted prouns of Lwo or more elactrochanical cells
after beins iischurred may be restored to a charped condition by an
electric current flowins in a direction opuoslte to the flow of current
when the battery dischsrred. Common usage serrdts this desijnation to
be applied to a e2inrle cell u=ed indenendentlys.



Trickle Charinge Hethod of pecharging in which a secondary cell is
either contimously or intermittently connectei to » constant = current
supply that maint-ins the cell in fully charged condition.

Volt Efficioncye The ratie of the average volt ge duriny the discharge
to the aver:ye veltere during the recharge.

Fatthour Cipacitye The number of watt - hours which can be delivered
by a cell or battery under specified conditions as to termerature, rate
of discharpe and fin=1 voltage.

T Effic e (Energy Efficlency)s The ratio of the walthours
output to the watthours of tha rm:haa:g;

Lete Indication that ihe Wanld electrolyte in a cell is free-flowing.
Vet cherred stunds Peried of time that @ wet secondary cell can stand
in charped coniition withou! lesing a svecified small percentage of its
capacitys

Let Shelf 1ifg. “eriod of fiime t.hnt a wet, secondary cell can stand in

discharged conililion before Mrinﬂhtng to a point where it cannot
be recharge,



Federal Specification,

Sulphuedie feid, Electrolyte. 0 =5« 800
(for “terage Batteries),

1. Icene ond Classifications

1l “e00e essee This gpecifisation covers sulphuric acid for use
in electrolyte solution for Storage batteries.
1.2 Clasaification,

1.2.1 Classes seés “uiphuric acid for storage batteries fure
nished under this specification shall be of the follo=
wing classes, 8 specified,

Closs le sessess Concentrated salphuric acld,
specific mravity 1.828 st 26.7°C (80°F)
Class 24 essesse Diluted sulphurde acid, spaecifie
gravity 1.395 plus or mimus 0,005 at
26.7°c (80%)

2. Reguirenents.
2,1 Katerial seeses The material shall bs nonfuming sulphuric acid,

suitable for electrolyte in storage batteries, The acid shall

be substantially free of sediment, and shall meet the require-

ments speciflied herein after,

2.1el CoOlor 4esees The acid shall preferable colourless, but
in no case shall its color be darker than that of the
stanlard color selution, when tested,



2,1.2 Specific Oravityessess When measured with a hydremeter
graduated in degrees Baume, the following values being
equivalents
Class 1, 65.7°B equals 1.828 lpod.ﬂnmw.ﬂ'f
Class 2, A1.0%B equale 1,395 specific gravity, 80°F

2.1.3 Purity
2,1.3,1 Strength of acid oincqm"n‘ content, by
welght of the acid, shall be as followst
C1288 1 eeese Mot less than 93.2 (93.19) percent,

Clase 2 seese 495 to 50,5 percent,
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Indlen Ctandard.

Specification for Sulohmric Agide
T8¢ 1 266 - 1961

There chall be four grades of the material, nmamely technical,
battery, pure, ond analytical reagent,

The battery grade scid shall have two sub = grades, namely con=
centrated and dilute,

Descrintions N

Technical Grodes Sulphuric acid of techmical grade shall be a liquid
not darker then brown in colours.

Battery Grade. (Comcentrated and Dilute). Sulphuric acid of battery
grade shall be a colsurless liculds The concentrated acid en dilutien
with an equal volume of distilled water, and the dilute ecid as recei-
vu.nmummwutw-d-muﬂummun.

Pure and Analvtical Reagent Orades. Sulphuric acld of pure and analy-
tical reagent grades shall be a clear and colourless liquid, free from

suspended mstter ond other visible impurities.



TABIE 9
Reguirements for ‘ulphuric Acid.
Requirement for Crade,
Nos Characteristie P Battery | our, :_ﬁi—
-cal |concen Reagent
tratea | Pilute B
1. | Specific grovity at 25°/25%,min, | 1,834 | L.834 (1,206 [1.834 | 1.836
2, | Sulphuric acid (as H,50,)
percent by weight, min 95.0 9540 [29.7 [95.0 | 96,0
3. | Residue on ignition, pergent
w 'Ii-!'ht-. 1% - Y Dol ﬂ.ﬁ 0,02 0.01 0.0025
Le | Iron (as Fe) percent by wt.,max, | 0405 0,002 |0,0006 |0,001 | 0.0001
5¢ | Chlorides {II cn d
percent by weicht, max, ~ 0,001 |0,0003 PMS 0.0003
6, | Heavy metals (as Pb),
percent by welrht, max, 04005 - - «002 | 0.0002
7« | Awoenis (as As,0,), percent
by welght, max, 001 | 0,000 ps000L P,0005 | 0,00001
8. | Oxidizable impurities as 50, - TipuJ'h 004 | 040005
t| percent
test | test Lo wt. |y wte
A, K.
° - Te | - - -
9. | Organic matter hl;:.
10, | Mitrates (as III’} percent




weight, max,

No. Characteristic Technt| Battery Pare cal
cal m Uilute Reagent
11, Akmonia (as II,].
percent by weisht, max, - - - - 0,0005
12. Selenium (“ 3‘).
percent by weipght, max, - 0,002 |0,0006 - -
13, | Manganese (as Mn),
percent by weirht, max, - 0,0001(0,00003| = -
lhe | Copper (as Cu),
percent by welpght, max, - 0,003 (0,001 - -
154 Zine (“ al].
percent by weipght, max, - 0,003 |0.001 - -
16, | Mitrates, nitrites and
ammonia, (as W), percent by
- U-ﬂﬂ -

0+003 IO-WI




Care in handling acld.

Men engaged in handling acid or electrelyte shall wear rubber
apréng, rubber boots, and rubber gloves, so that the acid cannot come
in contact with clothing or skin, The eye must be guarded by goggles.
M any temperature the addition of even a mmall quantity of water te a
carboy of strong acid mey cause an expleosion swing te the sudden evolu-
tien of heat, Therefore, carboys of acid must be kept securely stoppe
ered,

Ireatment of acld or clectrelrte hwrns.

Barn eaused by acdd or electrolyte should be treated as fellowss

8« First attention should be given to possible presence of the
acid in the eye, If present, a thick paste of bicarbonate of soda (be=
king seda) should be applisd immediately to the affected part, The soda
should then be gently flushed out with large amounts of water, directed
into the peocket formed by downwsrd pressure en the sirin below the eye,
The precedure should be repeated until it is certain that all traces of
the acid have been removed,

be After the ayes are attended to, immediately sprinkle blcare
benate of soda on Lhe expesed, affected sikin surfaces, Then quickly
remgve any elothing that may have been spattered with the acid selution
and apply blcarbonate of soda powder teo affected ckin areas not previ-
ously trested, Finally gentlr flush the powder off the skin with large
angunts of water and repeat the precedure until it is certain that all
affected parts have been well bathed,

¢s Send for proper medical attention without delay.

ds "hen biecarbonate of seda i2 not avallable, lorge amounts of
water may be used for flushing affected areas, It is extremely imper-
tant that enly large amcunts of water bs used, A small quantity of water
is ineffective and ite use may lead to greater damage thean none at all,



Depe Electrolyte or Battive Additives.
Periodically much publicity is given to speciasl additives for

car and motor - vehicle batteries, Spectacular and extravagant claim
are made for these additives for extending battery life or reviving old
and alling batteries, Treatment usually consists in adding the patent
" olixir " to each cell of the battery fellowed Ly a long charge at about
half the normal charging retee The benefical effects of this treatment
on batteries which have beceme discharged or sluggish in service are
frequently immediste and noticeable when the battery is put back en the
car and the starter moter cperated, Dut similar results can be achieved
by simply giving 2 long charge without adding " dope " te the battery,
The large battery mammfacturers spend vast sumes of meney in research
for materials or metheds of mamufacture which will extend battery life
or impreve performance, but so f.r no elsctrolyte additive of any great
merit has been invented, It is alse of interest to mote that mest batt-
ery makers declare thelr marantees veid if anything other than pure
water or sulphuric acid is added to batteries of their mamufacture.



TABE, 20
Ihree Orades of Pig Lead, accoprding i@
The Stapdard of the Americsn Seciohy for Testing.
Haterials,
1, Coerroding |2, Chemical 3. Commen,
Lead, % Lead, % Lead, %
Stver, maxs (1,3 ) 0,001 5 0002 atne | 0002
Gopper, maxs ( 1,3 ) 00015 | G0ip min,
Copper and Silver teo
gether, max, 0,002 § el ———
Arsenic, max, 0,001 5 —— —
intimeny and Tin topether,
Mmtimeny, arsenic and Tin
togother, max, — 0,002 0,015
Zinc, max, 0,001 5 0,001 0,002
Bismyth, max, 0.05 0,005 0.15
Iren, max, 0,002 0,001 £ 0.002
Lesd (ty difference) min, 999 99.50 99.85

Bete. In lo,l bismth, copper, and tin mast nol all be presemi in

mexcimam amounts in the ssme sample,

Mummuwlwwm

southeast Missourl ores.

The AeSel«Me Specification includes four other types No 3 Acid
M,MWMH.S“MMIH.&H

desiliverized B, and No,7 Seft Undesilverised,



Exeperties of Lead Oxidesg.

A high state of purity of the exides used in the mamufacture
of storage batteries is required, The limiting pereentages of impuri-
ties for both litharge and the red lezd are both the same, /! geed grade=-
of the exides for storage = battery purposes would have about the amounts
of impuritics tabulated,

Table 11. Limits of Impurities in Lead Oxides.

Impurities Per Cent Not to Exceed.
Ant.imony 0,002
Arsenic 0,000 05
Bisauth 0405
Cadmium 0.003
Cepper 0.003
Iren 0,02
Nickel 0,000 1
8ilver 0.003
Thallim 0,001
Zinc 0.002
Manganese 0,000 03




(Firhdldﬂllthrln-fthumciu‘!rpa}

m-mmm@uuummnrmu-m—
um.tmmmmmm.mmmhm-
eries,
Appearance. The water shall be clear and free from suspended matter,

odour and taste, Vhen viewed vertically thweugh a 100 - ml, Nessler
tube the water shall be colourless.

Impurities. When determined, the smount of each impurity listed shall
not exceed the fellowing &

TARE 12
limits of Impurities in Water for use in Secondary Batteries.
Limit
Impurity
percent PeDellis
Residue on Evaperatien 0.05 500
Volatile and Organic Matter. 0,015 150
Calelun and Magnesium Ho limit specified,
Hitroren 0,005 50
Chlorine 0,005 50
Cepper 0,000 5 5
Iren 0,000 5 S
Zine Neo limit specified,
|
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APPENDIX 2,

Maintenance.

Aoid levels.

Check the acid levels pericdically, about once a fortnight or
every 500 miles, and add pure water as necessary. Never add acid.

Care should be taken not to excees the normal level, which is
usually about 4 in, above the tops of the separators., If a battery is over
filled there is a danger of the acid over flowing through the vent plugs
when the battery is charged. Acid from the battery will attack hold -
downs and other metal parts im its vieinity.

GGE“E-
Corrosion ie due to the action of acid on metallic parts such

as terminals and hold - downs. It can be prevented by keeping the top
of the battery clean and dry, and protecting metal surfaces jelly.
VWhemever mcid has been split the affected areas should be immediately
wiped with a rag soaked in amminis. If corrosion has already occured the
areas should be eleaned by seraping, washing and drying, and protected
by applying a ceating of petroleum jelly.

In cases of poor starting, check for terminal corrosion and
tightness of terminal commexions, a®s high - resistance comnexiocns in
the battery oirouit often stem from corroded or loose - fitting termimals.



Laying Batteoriege
¥hen not in use, a battery leses some of its charge by intemmal

chemlesl actien, and this less ef charge is increased by high tempere=
tures or external leakage currents if the battery tep is wet and dirty.
Batteries which remain long in a lew state of charge beceme sulphated
beyend the stage where they can be restored by recharging, The follow=
ing procedure should be followed to maintain batteries healthy during
laying = wp perieds t=

1, Discennect the battery frem the electrical system of the
vehicle

2, Check the acld levels,and add pure water as necessary te
restore levels which are low,

3. Cive the battery a full recharge as ynder " Bench charging "

be Cle:n and dry the battery tep and terminal pests,

5¢ Recharge fully at least every twe menths and immediately
before putting inte service,

& EENCH CH NCING.

My charge given te the bsttery off the car er vehicle is refer-
red te as a bench charges This 1o usually necessary when the battery
has been abused in seme way such as preleng parking with the lights en,
faults in the electrical system, or in-adequate charging in service.

Te be suitable for bench charring, a charger should have an output of
several amperes, and usually a rating in amperes equal to about 5 per-
cent of the bsttery capacity is suitable for mest batteries,

A charge for a single nisht, or about 15 hr, should be suffici-
ent teo restore the battery to a substantially charged condition,

SAFEIY.

Bever bring a flmme, or lighted cigarette or pipe near the batte
ery during or shertly after a charge, as the gases generated en charge
are a mixture of hydrogen and axygen, The danpger of an explosion is
very remote under normal circumstances, and the risk is reduced if the



eell vent plugs are tightly in poeitien,
cmmmmummtwumt.muuyh_

blecked with dirt or grease.

Change in Veltage.

¥hilst improvements to the battery design were taking place,
mwmmmmmummmmmu-
made, Up to sbout 1930 mest car mamufacturers in England and /merica
were using 6<¥ systems, It was abeut this time that manufacturers im
WWHMIHMMHHMMMH.
and by the late 1940 this system was the stendard for England. In America
however, no grest change frem 6~V te 12-¥ batteries occured until
1m-n,m-nu.mmwmpmmmm. The
mum-mm-rmmmmumm.

. mm“mw(mﬁlﬂmﬂdwupﬂrﬂ)
mmta-ﬂnuum'muﬂ—tmm. This is an im=
mmm-rmmwm-nm-muqmmm
ine starting,

2, Becauss of economy of current with the 12-V system, veltage
drope (amperes miltiplied by ohms) in ecables and brushes of the statter
“lﬂﬂﬂhlﬂlﬂiﬁ!ﬂhb“ﬂ.hm

3, Distridutors end veltage regulators are more efficient at
mammmdmmmmmﬁmmu
make and brealk,

ke mmmmrmh—unmmdﬂthmﬂ
generator for the same output.

Se wmmmtmmmwmm“um
umc-u,mmmhmm-mm.m
hﬂ-‘hﬂ-

6, The 12V battery is usually mere expensive and heavier than
the 6-V bettery, but for the reason given in the last paragraph, the
nr--rmamummhmmnm-tuuuhum.



Cholce of Earthed Pelarity.

Ever since batteries have been used on motor vehicle there has
been a divergence of epinion regarding the earthing, er greunding, of
the electrieal system, In ‘merica and England both pesitive and nega-
unmmuﬂn“tuummm-mm
elactrical systems, In ‘merica, most car mamufacturers were earthing
thup.ﬂﬂﬂmhnfﬂnmﬂuthurm-uﬂlthnm-f
the 12-V bettery about 1953, when there was a cemplete change to nega-
tive pole earthing. Pritish memufacturers were divided between positive
and negative ecrthing until sbout 1940, when pesitive earthing became
standard practice.

Which-ever pole of the battery is earthed the electrical acces-
sories uee single = pole witing with ene terminal of the battery and
one side of all other elsctric:l componeuts securely connected to the
chasls, The chasis therefore acts as an " earth " or retumm path fer
the electric cireuit, The sdvantages claimed for the respective earth=
ing systems are worth netingi-

a) Less corrosien of the battery temminal connecters is a claim
made for both systems,

b) 'ith pesitive earthing, ignition is better,

¢) ¥ith pesitive earthing, burning or pitting of the electro-
des of the vlugs and distributer arm is less,

With regard to (a), it is a fact that corrosion of battery ter-
mmm.ﬂﬁmmm-pbmm,mm
mtmmﬂaﬂﬂnﬂnuﬂﬁmdmwﬂﬁnum‘-m
mmumngmumﬂngm-mmum-
w;lpmm"mtm#putnlﬂjdhmﬂnM¢¢t-
acl.

Altheugh it is that the between the

is more readily lonized and therefere a better cenducting path for a
M“mmmmlnmmﬁh-(umpﬂiuum-
ml.m:-unnltmhnhhﬂdﬁhm@ﬂwm
d_ngmmum-m. It would therefere appear that there




are no cutstending advantages which would meke either cholce greatly
superior to the othere



NZaip i,

The principle of the autem:tic topping - up device is shewn in
Fig. 10 The device relies en a ball valve which is clesed during the
tepping = up eperation, 'hen tepping - up, the tep cover is removed,
and water which is poured into the treugh in the 1lid passed dewn each
filling tube, M eir lock is created inside the cell when the level
reaches the bottom of the filling tube, The level within the cell can
rise no further and the tube fills with water,

B e

...COVER ON

COVER OFF... POUR

AR ) AlR
rl ACID
LEVEL
T T . » .- o

=

Fige 10 Prineiple of Aute-Fil Device.

“hen the top cover is snapped back inte pesitien the plastip
tubes on the underside of the cover displace the balls frem the valve
seats and the.ir lock is broken inside the cell, This allows the water
in end areund the tops of the filling tubes te pass inte the cells The
complete opv.aiidi ensures a speedy and accurats methed of tepping =

up,
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Silicon Controlled Rectifiers.

This latest development in the control of charging current by
means of silicon controlled rectifiers is most interesting., The basie
cirouit is shown in Pig ..)1.. The bridge - commected rectifier has
two amms containing standard silicon rectifierg,and two comtaining
silicon controlled rectifiers,

| ——

vg |
AC. ’ SCRY _:- g Conkcl Anode
5”??'3 g o > cireuit
o
RN B Gate
| St | P (b)

Pig. 11 Silicon Controlled Rectifier Charging.
a) Basic cirouit.

b) Oraphical symbol for silicon controlled rectifier
( s.C.R. )

Either of the siliocon controlled rectifier (S.C.R.) oppose the
flow of current im both directions wmtil a low - power imput signal is
fed into the comtrol electrode, or gate. It them behaves like a normal
rectifier and passes current for, @ay, the forward half-cycle. During
the reverse half-cycle the second silicon controlled rectifier is "fired"
and allows ocurrent to pass.

As in the grid control of mercury arc rectifiers, the mean char-
ging current passing into a battery may be waried by controlling the
instant in every half-ocycle at which the sikicon comtrolled rectifier
is " fired "



Standards fer NMotor Vehicle Batteries.

For Many years the automobile industries in most coumtries have
applied the primeiples of standardization to their products in the inter-
ests of efficiency and economy.

In Americe, the Society of Automotive Engineers (S.A.E.) has also
published standards for lead - acid batteries used in motor wvehicles,
and recently the scope of the standards issued im Oreat Britain by the
Sooiety of Motor Manufacturers & Traders (S.M.M.T.) also has been exten-
ded to include batteries. Six tests are listed which must be met before
a battery can be accepted as having the required quality and performance.
These are i—

1. Bating Test at the 20-hr rate at T7°F (25°C)

2. High - rate dischhzge test at 77 F (25°C)

3. High - rate discharge test at 0°p (-18%)

4. Test for retention of charge.

5. Life cycling Test.

6. Overcharge Test.

For laboratory Tests to have any practical value or significance
they should simulate, as closely as possible, actual service comditioms.
This is not easy to accomplish as mo two batieries in service, even on
similar car, will do exactly the same work.

Some cars will cover about 500 miles or more each week with long
rms, resulting in the battery always being fully charged, and possibly
evercharged. Other cars may cover as little as 100 to 200 miles each
week with short rum, frequent stops and starts, and in-sufficlent running
to maintain the battery fully charged. The majority of car owners will
possibly cover a weekly mileage some-where between these two ranges with
batteries maintained generally in a substantially charged oondition.

Test in the laboratory are therefore something of a compromise of
the conditions likely to be experiemced in service.



The 20 - hr capacity tess ( No.1 ) has no great practical
significance, although useful in proving the battexry as regards the amouts
of active materials and volume of acid provided.

The two test at emgine - starting rates of discharge ( No.2 and 3 )
are most valuadble in proving that the battery is capable of providing
power for starting for a comsiderable period. A battery which satisfied
test ¥o.2, at normal temperature, would be capsble fof supplying at least
70 engine starts each of 5 sec, duration taken consectively without any
charge betweem starts. Similarly, a battery satisfying the test conditioms
at 0°P.( No.3 ) would be capable of supplying at least 36 starts each
of 5 sec. before the battery became discharged. The smaller number of
starts at 0°P. ( - 18°C )compared with 77°P( 25°C ) demomstrates the
loss of capacity which occur whem a battery is cocled. This loss of
capacity lasts only while the battery is cold, and capacity is completely
restored when the battexy temperature is raised to mormal. The low temp -
erature starting test is ome of the most exacting of battery tests,and
is particularly useful in sssessing battery quality.

The test for charge retention ( No.4 ) whem the battery is
new proves that the materials wsed in the bdattery meet the desirable
standards of puritjes. Impuritfes in the lead of the grids or paste oxides,
or fin the sulphuric acid, would imcrease the loss of charge due %o
ummmiuﬂnmhmm-.u1m-mutw
lose some capacity on standing, and as the loss increases as a battery
ages, it is essential that it be kept to & minimum when the battery is
new.

A battery in service on a car is altemately discharged and
charged. In the winter the demands om the battery are greatly increased,
( mot in tropical climate ) resulting imn its stabilising in a partly
discharged conditiony in the summer the reverse holds, and battery temds
0 be overchargdd. The combined effect of winter and summer rumning
conditions is to produce some discharging and overcharging. It is imp-
ossible to reproduce exactly these conditions in ome laboratory test,
snd the best compromise is to conduct two life tests.



One of these is the life cycle test (No.5), when the battery is
mw;mu'mmhlmw.mmm
on each cycle. This test is most useful in proving the quality of the
positive and negative active materials (pastes). Batteries not coming
up to the desired standard fail this life test or deterioration (sul-
phation) of the negative paste, or a combination of both.

The secend life test (No.6) is one whem the battery is givem
repeated charges at fairly high temperatures, in an emdeavour $o repro-
duce the effects of the prolonged charging to which most batteries are
subjected in service. The test is most useful in proving the corrosiomn
resistance of the positive grid, and batteries which fail show premature
collapse of the positive grid frame.

A battery which failed the life cycle test (No.5) would mot mec-
essarily have a short life in service. On the other hand a battexy which
failed the overcharge test (No.6) would almost certainly have a short
life. A grid alloy which resists anddic corrosiom ies therefore ome of
the most essential features for lomgevity of automotive batteries.

* Gyp " (cheap) batteries, as supplied mainly for the replace-
ment market, would almost certainly fail most of the above tests. lLarge
manufacturers who supply the initial equipment batteries maintain the
same high standards for their replacement batteries.
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POVEH BATTERIES FOR MILIT/RY VEHICLES

( DRY CHARCED )
Mumber of | Capacity ® | Maximum Dimensions (Centainer)

Type | Velt [Plates per | 20-hr Rate (mamne)

eell (An) Length Width Height
28 6 17 120 253 175 210
LEH 6 23 150 313 175 210
4D 12 23 150 513 22 21
en 12 29 200 533 278 218

(1)




Specification of Power Battery.
Type 2, M, 4D and &

#*
Capacity | welght of | welght of |welght of | weight of
Militery at | pos.plenegs| container, | unfilled filled
oo | s | v (e | By |
Code ampere- i
hour) (kgs. plugs(kgs)
a 120 13.22 4elS 18,70 23.50 14000 V09
4 150 16.46 3.68 21,80 28,30 1,700 Va9
10 150 32,70 12,00 47400 5945 1700 ¥ oy
& 200 a9 10,00 | 56.70 73.70 2.200 V 0y

% Pilled with sulphuric acid sp.gr. 1,280 at 30°C,
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