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ABSTRACT

Themicrostructures of the activ e material of the positive

pla te of submarine type storage batteries were studied , us i ng

scann i n g elec tron m i crosco py, as the batteries were cycled on

a deep cycle routine . It is seen that capacity loss .of these

batteries can be directly related to the formation of a

cora l loid structure within the active ma terial of the positive

pla te in both lead -ant imony and l e a d — c a l c i u m  gr id ba tt e r i es .

It is proposed that this coralloid structure also leads to

active material shedding which is observed at the end of the

battery life . The ability of thick plate lead —calcium grid

batteri es to be successfully operated on a deep cycle routine

is related to a reserve of active material retained within

the posi tive plate as lead—sulfate , which is eventually trans —

formed into Pb0 2 to maintain the capacity of the battery .
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I. INTRODUCTION

A. GENERAL [1 ,2,3]

Th e vol ta i c cell i s an elec trochem i cal app ara tus use d for

the storage of chemical energy , which is converted to direct

curren t electrical energy during discnarge. There are two

typ es of vol ta i c cells , the primary cell and the secondary

cell. For all practical purposes the chemical reactions in

a prima ry cell are irreversible: the generation of electric

curren t consumes materials which cannot be replenished by re-

charging. The second cell or storage cell uses a reversible

chemical reaction for the production of current. After the

d ischarge  of a s to rage  ce l l , it can be res to red  to i ts

original chemical condition by passing an electric current

• th rough it in the directi on opposite to that of the discharge.

Volta discovered the galvanic battery in 1800. In 1802

Gautherat discovered current passing through platinum wires

causes polarization of the wires in a water - filled cell. T h en

in 1803 Ritter built small piles of metal plates with moist

layers of cloth between them. He charged these piles with an

electric current and obtained a discharge current from them.

He thought he had a device similar to a capacitor which stored

electrical energy. Volta proved him wrong and attri buted the

effect to the chemical decomposition of water .

Plan te ’ entered the scene in 1859 when he began his
a,

studies of electrolytic polarization at age 26. He was the

17
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first to devise the lead acid battery . His cell consisted of

two sheets of lead separated by a sheet of rubber then rolled

into a spiral form . This element was then placed in a 10%

solution of sulfuric acid. He showed it was possible to in-

crease the capacity by the process called formation. Forma-

tion, as it applies to the Plante ’ cells , means th e crea ti on

of a layer of sponge lead on the surface of the negative
• . electrode and a layer of lead dioxide on the positive elec—

trode, .which constitutes the active materials of the cell.

Plante ’ presented his battery to the French Academy of

Sciences in 1860. The f i r s t  bat tery  had l i t t l e  use fu lness

outside the lab due to the long charge period , some ti mes u p

to a year , using many primary batteries. It was not until

1873, when he obtained a hand-driven Grarnme generator , that he

was able to show the transfo rmation of energy of the system

(mechanical —e lectrical — chemical) and its reversibility .

In 1881 Faure patented the process of applying a paste of

lead oxides and sulfuric acid to the positive plate. This

type of cell possessed marked superiority in capacity and

ease o f formation. An American named Buch also developed a

pasted plate at this time. Both men experienced poor adher-

ence of the paste to the lead plate. At the end of 1881 a

German , Vo l ckmor, punched holes in the lead plate before

pasting. From this idea , a grid network to mechanically hold

the active material in place was developed by many different

investigators. Different designs were ‘developed , of which

H- only a handful are still in use today .

k
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B. THEORY AND CONSTR UCTIO N

The fundamental parts of the lead acid storage battery

are the negative plate of sponge lead and the positive plate

of lead dioxide , immersed in electrolyte of sulfuric acid.

1 . Theory

In 1882 Gladstone and Tulu proposed the double-sul-

fate theory of reaction for the lead acid storage battery .

Both the positive plate and the negative plate are converted

to lead sulfate as part of the process of discharge (Fig. 1).

The double sulfate theory is most often stated by the

equation for the reaction.

Pb02 + P b + 2H 2S04 ,~~ 2P b SO 4 + 2H 20

The discharge equation is from left to right; the cha~ ge

equation is from right to left.

The reaction at the negative plate is

Pb + SO 4~~ .~~ - Pb SO4 + 2e~~

The negative plate process is relatively simple: the immer-

sion of the lead in sulfuric acid causes it to throw lead

ions into solution. These are in a divalent state , carrying

2 positive charges , causing the electrode to become negatively

charged at the surface. The lead ions combine with the

sulfate ions of the electrolyte which is immediately depos-

ited on the negative plate .
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The reaction at the positive plate is more complex.

The reaction is

- 
Pb0 2 + 4H~ + S04 + 2e~~ P b SO 4 + 2H 20

Small amounts of lead dioxide , in combination with water ,

ionize into tetravalent lead ions and monovalent hydroxyl

i ons accor di ng to the eq ua ti on:

Pb0 2 + 2H 20 Pb(OH) 4~ ~~~~~ + 4 ( O H )

The lead then receives 2e from the negative plate causing

a curren t to flow from negative to positive.

~~‘ ++Pb + 2 e  Pb

This divalent lead is free to join with the ions of SO 4~~
in the electrolyte and the hydroxyl ions combine with the

free hydrogen ions of the electrolyte to form water. The

reverse of this discharge process takes place on charge

(Figs. 2 & 3).

The half cell potential of the positive plate is

given by the equation

r
E = 1 75 + ,ftI. 9~n L Pb

pos 2F [Pb~
”
~ ]

where [Pb~
’”
~~] te trava len t  l ea d i on ac t i v i t y

[Pb~~ ] divalent lead ion activity
R gas cons tant 8.134 joules/degree mole
F Faraday constant 96500 coulombs
I Tem p era ture
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The nega t i ve  p la te  po ten t ia l  is

E n e g  
= - . 1 2  + Zn [Pb~~~]

The cell voltage is the difference between these two poten-

ti a ls  or

r
E = E — E = 1 . 8 7  + Zn L Pb

~05 N 2F [Pb~~ ]

In the normal cell this corresponds to an open circuit voltage

of 2 .125 volts in a 1.280 Sp.Gr. electrolyte and 25°C .

The l im i t ing  p r o c e s s e s  of the lead ac id  bat tery  are

well known to be mass transport and ionic diffusion within the -

porous positive and negative electrode structures. T hi s causes

these structures to be important to the capacity and life of

a battery .

2. Materials

The material used in greatest amount is lead ,which is

an element having an atomic weight of 207.21. Lead is a metal ,

bluish gray i n co lo r , with metallic luster . It is a soft

metal with a low melting point at 327 .4°C. The chemical pro-

perties of lead are of great importance to storage -battery

performance. Lead is readily attacked by nitric acid , but

not by cold hydrochloric acid , or cold sulfuric acid below

1.700 Sp.Gr. Lead can be combined with oxygen to form some

important oxides which will be discussed in later paragraphs.

Lead is very sensitive to small amounts of impurities.

Arsen i c , c a l c iu m , and antimony are hardening agents for lead.

t ~
23

~ 

~~~~~~~~~ • _ I__ - -.-•, --. —-------. ~~~~~~ ~~~~~~~~, _



- 
.
~~~~~

,. . . .. ,
~~~~

. — 
. 

~~
— .

Bismuth increases the corrodibility of lead. The battery in-

dustry is one of the largest consumers of lead. Although

heavy consumers about 80 percent of the lead used is recover-

able.

The materials in the lead acid battery whose chemical

combinations absorb or produce energy during the charge and

discharge of a cell are known as the “ active materials ” .

These cons i s t  o f :

(1 )  L e a d — d i o x i d e  ( P o s i t i v e  p l a t e )

(2) Sponge lead (Negative plate)

(3) A solution of sulfuric acid and water
( e l e c t r o l y t e )

P The active material is formed on plates , of which there

are two types . The difference between the two lies in the

way they derive the active material. The Plante ’ plate , which

derives its active materials by oxidizing the surface of a

lead plate (positive), or reducing the lead plate surface to

sponge lead (negative), is one type. The other type is the

pasted plate or Faure plate. It derives its active material

from pastes mechanically applied to a grid network to form

flat plates. These pastes are then o x i d i z e d  or reduced to

form the positive and negative plates . This investigation

stu ’dies the pasted plates. The process of oxidizing the posi—

tive plate and reducing the negative plate is called formati on.

The negative plate of sponge lead tends to coalesc e

and densify . Expanders are added in small amounts to the

p a s t e  f o r  making the negative plate. Two of the most common

24
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are lignin and barium—sulfate. There have been many papers

pertaining to the effect of lignin and bari um-sulfate most

attributing the effect of the additives to the modification

that they caused in the lead sulfate crystal structure dur-

ing the discharge. A. C. Simon [4] showed that lignin pro-

duced a marked change in the microstructure of the charged

negative plate. When barium -s ulfate and l ignin were used

together additional changes took place. These additional

- changes ac ted  to cause  a fur ther  i n c r e a s e  in su r fac e  area

and i nc reased  p o r o s i t y .  These wer e  in add i t i on  to the bene-

ficial effect these two compounds had on the growth of the

lead - sulfate during discharge. Therefore most negative

plate pastes contain expand ers .

The positive active material is lead dioxide (Pb0 2),

also called plumbic oxide . It is dark brown or almost black

i n co l or . It is formed electrolytically in the battery by

anodic oxidation of lower oxides , primarily PbO or Pb 304.

- 

“ The paste to form this lead dioxide is prepared by mixing

some particular lead oxides or a blend of oxides with a

dilute solution of sulfuric acid. The composition of and

mixing of these pastes are as varied as the companies who

produce batteries. Some of the impor tant patents pertaining

to the paste composition are given in reference 5. These

pastes are mechanically pasted on grids . After the formation

of this paste into the active material , several features of

this active material are important , including (1) the

mechanical stability of the active mass ; (2) the microscopic

25
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of the grid. Total penetration of the grid can cause some

of the active material of the plate to become electrically

isolated and unable to contribute to the reaction process.

Another aspect of corrosion is that the corrosion product on

the grid — active material interface can impair the electrical

conductivity of this interface and the active material’ s

S ad herence to the gr id .

Current ly  and h i s t o r i c a l ly ,  the most common lead a c i d

bat te ry  gr id a l l oy  systems are based  on cas t  l ead -an t imony

and lead — calcium binary alloys. These will be discussed in

detail. Other alloy systems currently being developed are

pure lead , dispersion strengthened lead , l e a d — c a l c i u m — t i n

alloy and more [6].

Lead -antimony alloys have historically been the most

common grid alloy system. Lead and antimony form an alloy

of which the eutectic composition is 87 percent lead and 13

percent antimony, with a melting point of 477°F (Fig. 4).
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morphology of the plate; (3 )  the e l ec t rochemica l  “ a c t i v i t y ”

of the compoun d present; (4) adherence of the active material

to the grid. These features will be discussed later in

theories of loss of capacity .

The third active material of the lead acid battery is

the electrolyte. The electrolyte for lead acid batteries is

a solution of sulfuric acid. The electrolyte is prepared by

diluting pure sulfuric acid with pure water . The purity of the

sulfuric acid and the water is critical. Standards are set for

both the water and acid [11] (Tables I , II). The specific

gravity of the battery acid is determined by the service of

the battery . The range is from 1.200 to 1.285. Submarine

ba t te r i es  are one of the h ighes t  in s p e c i f i c  g r a v i t y  at 1 . 285 .

The gr id performs two maj or  f unc t i ons  in the ba t te~’y,

(1 )  to s e rve  as suppo r ts  for  the a c t i v e  ma te r i a l  of the

plates , and (2) to conduct the elect ric current in ~nd out

of the active material. The speci fic lead alloys u sed for

gr ids are impor tant  w i t h  respect  to both f u n c t i o n s  of the

g r i ds .  Both the ac t i on  of the el ect roche rn i  ca l  a c t i v i t y  and
1 

~ concur ren t  s t r u c t u r a l  ro le  tends to both weaken  the g r id

and reduce i ts e l e c t r i c  c o n d u c t i v i t y .

Strength is desirable for two distinct reasons. The

f i rs t  is dur ing f a b r i c a t i o n  for ease of hand l ing  and pas t i ng .

It is also useful during battery service , as the gr ids  fre-

quently bear significant loads (the active material , their

own we i gh t , and s t r e s s e s  induced by c o r r o s i o n ) .

Corros ion resistance is a i so important to the g r id .

Cor ros ion  can cause a dec rease  in the electrical conductivity

27
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The amount of antimony in storage -battery grids ranges from

3— 12 weight percent , with the modern trend toward the lower

percentages. The structure of the alloys used in storage

b a t t e r i e s  c o n s i s t s  of the eu tec t i c  embedded in a s o l i d  solu-

t ion of lead and ant imony , as shown in F igure  5. There are
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Figure 5. rl icrost ructure of the lead — antimony grid material
from a submarine type battery plate.

a number of reasons to use antimony in grids: (1) antimony

increases the fluidity of the metal in the mold; (2) antimony

i n c r e a s e s  the s t i f f n e s s  of lead , and i t s  t e n s i l e  s t r eng th

in p e r c e n t a g e s  up to 12 pe rcen t ;  ( 3 )  antimony has a ben eficial

effect on the positive plate active material during cycle

life [7].

There are also disadvantages to the use of antimony

~~~ i n  the grid. Antimony is a poison to the negative plate.

- ..
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It lowers  the hydrogen o v e r v o l t a g e  and leads to “ se l f  dis-

charge ” of the nega t i ve  p l a te .  A rsen i c  is the p r inc ipa l

impurity that  is a s s o c i a t e d  w i t h  ant imony . Inside the

bat tery  the presence  of a r s e n i c  causes  t ox i c  a rs i ne  (A sH 3 )

gas to b e e v o l v e d . The removal of the antimony that migrates

to the negative plate is accomplished by applying a high end

of charge current. This high finishing current creates two

disadvantages . (1) Wate r is used during this period increas-

ing the ma in tenance  requ i red by the ba t te ry . (2 )  The a n t i —

~ony is driven out of the negative plate by the current as

t ox i c  s t i b i n e  gas .  There fo re  charg ing  in con f i ned  s p a c e s  may

- 

- 

present a health hazard.

There are currently two methods of overcoming these

disadvantages. One way is to reduce the antimony to below

3.5 percent which reduces water usage but not the other prob-

lem . The other approach is to remove the antimony by using

another alloy system. The most common of the antimony-free

systems is lead — calcium alloys. This method not only over-

comes the deleterious effects of antimony, but the beneficial

.spects as well. The lead -c alcium alloys for battery grids

were  f i r s t  d e s c r i b e d  by Rar ing and Thomas [ 12]  in 1935 .

L e a d - c a l c i u m  a l l o y s  represen t  a c l a s s i c a l  p rec ip i t a -

t i on -ha rden ing  b inary  sys tem.  They are s t reng thened  over

time by p r e c i p i t a t i o n  of very f ine  Pb Ca p a r t i c l e s  f rom a

s u p e r s a t u r a t e d  s o l i d  s o l u t i o n , a s  p red i c ted  by the e q u i l i b r i u m
- 

t-~~ phase diagram of Figure 6. Up to 0.07 percent calcium ,

strength increases with increasing calcium content. At

1: 
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c a l c i u m  con ten ts  above .07 percent , large pr imary Pb 3 Ca

crystallites , which have been shown to be detrimental to

mechanical properties and corrosion re sistance , are forme d .

This effect can be minimized up to .1 percent by rapid cool-

ing but are almost impossible to avoid above this. Less

I

L I Q U I D

L IQ UID~~~PB1CA

~or 

a + P B 3CA 

.:~Weigh t  % C a l c i u m
Figure 6. The L e a d - C a l c i u m  Phase  D iagram

than .08 percen t  is used for ba t t e r y  a p p l i c a t i o n s .  The

typical microstructure of a Pb-Ca storage battery alloy con-

sist s of essentially pure lead grains with a dispersion of

Pb 3Ca particles , the amount and distribution depending on

a l l o y  content  and c o o l i n g  ra te  [8] (F ig .  7).
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The primary advanta ge of l ead—ca l c i um a l l oys  is the

elimination of the delete rious effects of antimony. They

have a significantly lower self -discharge , so th ey can s tand

on open circuit without loss of capacity . These alloys are

more con ductive than lead— antimony . The current needed to

maintain them on float is 4 to 10 times less than needed for

a lead— antimony battery .

The main disadvantage of Pb— Ca alloys relates to an

inability to promote optimum active material performance.

• In this respect lead — calcium batteries have poor deep cycle

life due to shedding and softening of positive active material

[10]. An example of these problems is suspected in the

failure of non -diesel submarine batteries on a modified full

float service.

To keep the plates of opposite polarity from making

me tallic contact .~ separators are placed between the alternat-

ing positi ve and negative plates in storage batteries. Pres-

ent types of separators include those of wood veneer , per-

forated and slotted separators of hard rubber , mi cro p orous

rubber , fibrous glass mat s , microp orous plastics , res in—

F impregnated fibrou s material and more .

T h e essen ti al fea tures o f any se p ara tor are

(1) high porosity; this insures low resistance to

~ passage of current between plates and free diffusion of acid ;

(2) high electrical resistance to prevent short

circuit conduction between plates of opposite polarity ;

(3 )  iner tness to the ac t ion  of su l f u r i c  acid and

e lec troc h em i cal ox id a ti on;
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(4)  a b sence of h arm ful i mp ur iti es;

( 5 ) mec han i cal s treng th because separa tors w hi c h are

eas i ly dama ge d or s p lit are a source of i nternal s hor t

circuits.

Submarine cells and most batteries intended for heavy

duty also use what is called a retainer on the positive plate

usuall y a glass — wool mat. The glass—wool mat serves to retain

the active material of the positive plate and to provide a

reservo ir for the electrolyte. The porous glass separators

are always used in combination with other types of separators

suc h as microporous rubber.

The construction of a battery cell is just the corn-

b ina -t ion of the above materials in an ordered arrangement.

In i ts s i m p l e s t  form the pasted- type ce l l  c o n s i s t s  of a group

of positive plates connected to a common terminal bar and a

similar group of negative plates , a lwa y s one more th an th e

positive group, assembled together. The positive plates may

or may not be covered by a re ta iner  depending on the type

of the battery being constructed . Se parators are placed be-

tween the plates of opposite polarity . This assembled

arrangement  is ca l l ed  an e lement .  The element is then placed

• in a suitable container. In recent years new plastics such

as PVC , polystyrene , polypropylene , and others , h ave become

popular in smaller storage cells. The advantage of using

these plastics over the old hard block rubber is that they

hav e thin walls for the same strength , so more active material

can be placed in the battery giving greater capacity . 

____i_ ___ _ 
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C. CAPACITY AND O PERAT ION

The capacity of a storage battery may be expressed either

as the ampere — hour capacity or as the watt — hour capacity .

The ampere —h our capacity is a measure of the electrochemical

reactions or in other words a measure of the electricity that

the battery is able to deliver . The watt-ho ur cap acity 1on

the other hand , is a measure of the energy , the ability to do

work , of the battery . The ampere -hour capacity rating is

most often used. It is the product of the current and time.

For example a battery at 30 (Ah) at 1/2 hour rate means it

w i ll gi ve 60 am p eres for 1 /2 hour . At a lower current it

will usually give greater capacity and at a higher current it

will have less capacity .

Principal factors that effect capacity of storage cells

include : the amount of material within the cell , thickness of

plates , rate of the discharge , temperature , quantity and con-

centration of electrolyte , porosity of the plates , plate

design , and age of the plates. These factors will be dis -

cusse d la ter . A detailed explanation of these parameters

can be found in reference 1.

The most widely used equation which relates the current

to time , in order that the capacity of batteries can be corn-

puted at varying rates of discharge , is Peukert ’ s equation

j  
in

~ =

where n and C are cons tan ts
I curren t i n am p er es
t time in hours
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The constants can be evaluated for a given battery by simple

discharge tests.

log t2 — 
log t3 C = I  t

log I~ — log 1 2

Being logarithmic it can be plotted as a straight line on

log -log paper.

The opera t ion  of l e a d — a c i d  s to rage  ba t te r i es  has two

modes co r resp ond in g  to the two d i rec t ions  of the chemica l

reaction-charge and discharge.

In the discharge mode the battery gives out energy usually

at a constant current with voltage dependent upon the state

of charge of the battery . In a constant current discharg e

the voltage will decrease to some limiting value , at which

time the battery is said to be fully discharged. The limiting

values vary with the rate of discharge of the cell and usuall y

range from 1.85 volts per cell to 1.5 volts per cell . Typical

discharge curves are shown in Figure 8.

The purpose of charging a battery is to replace the

stored energy removed by discharge. There are three common

methods of accomplishing this; (1) constant current charge ,

(2 )  constan t p o ten ti al c har ge , (3) the modified constant

potential charg e.

In the cons tan t curren t sy s tem , the current is held con—

stant during the main part of the charge. When the battery

is gassing freely the current is reduced to a rate about equal

to 40 percent of the 8 hr rate , called the finishing rate.

35
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The charge is over when the battery gasses freely at this

rate. In large storage batteries this one step method can

be modified to a multistep charge as shown in Figure 9.

V R

: 1  0 ~. 
. 

10

T IME ~Hrs.~
Figure 9. The current vs time and voltage vs time plots

of a cons tan t  current  s tep type ba t te ry  charge.

In the cons tan t  po ten t i a l  charge method the v o l t a g e  is

m a i n t a i n e d  at a cons tan t  f i x e d  va lue  per c e l l .  T h i s  c o n s t a n t

voltage is set  by the gass ing  v o l t a g e  of the ba t te ry  w h i c h

is con t ro l l ed  by the temperature  of the ce l l  a t  the s t a r t  of

charge. At the start of charge a large current passes into

the battery . As the battery ’ s back e.m. f. increases , the

charging current decreases fairly quickly. Near the comple —

tion of charge , it reaches a value less than the finishing

rate. Normally when the finishing rate is reached the charge

is continued at a constant current mode at the finishing rate

as shown in Figure 10.
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Figure 10. The current vs tim e and voltage vs time

p lo ts  of a cons tan t  po ten t i a l  type ba t te ry
charge .
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Figure 11. Th e cur ren t  vs t im e and v o l t a g e  vs t ime
plots of a modified constant pot ential type

t “ bat te ry  c h a r g e .
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The modified constant potential method is used for most

large hitteries. In the constant potential method a very

large starting current is required for a short time. These

large current requirements increase the cost and size of

the equipment needed to charge a battery . The modified con-

stant potential method allows the use of smaller equipment

using the constant maximum current of the equipment at the

start and allowing the batte ry voltage buildup to TVG (the

temperature and voltage at which gassing starts). The

charge then con t i nues  at a cons tan t  v o l t a g e  of TVG unt i l  the

f i n i sh ing  rate is reached ~ at w h i c h  t ime  it s h i f t s  back to a

cons tan t  current  charge until secu red . This method is

shown in Figure 11.

0. CAPACITY  LOSS

It has been known from the ea r l y  d e v e l o p m e n t  that  ti.O

f ac to r s  seemed to cont ro l  the capac i t y  and use fu l  l i f e  of a

ba t t e r y : (1) the mass transport and dif fusion of the electro —

lyte into the active material , and ( 2 )  the shedd ing  and l o s s

of the active material from the grid structures. If diffusion

of the e l e c t r o l y t e  is impai red , the a c t i v e  ma te r i a l  becomes

a c i d  s t a r v e d  and the r e a c t i o n s  cannot  take p l a c e  to r e l e a s e

the chemica l  ener gy s to r ed .  O b v i o u s l y  if the active material

loses contact with the grid it can no longer enter into the

reac ti ons , and this then lowers the capacity of the battery .

Unt i l  recen t  t imes , c o r r e c t i o n s  of the symptoms were

attempted , and if s u c c e s s f u l , were  i n c o r p o r a t e d  in the design.

1k
~ 39

~~~~~~~~~~~~~~~~~~~ ~~~~~~



r 

- .

Since the advent of electron microscopy , both transmission and

and scanning, and new techniques in light microscopy, the

structures and their changes during the life of a battery

have received attention. The incidence of unexplained capa-

city loss in diesel -e lectric submarine battery cells adds

emphasis to the reasons for capacity loss in antimony —free

batteries. This is also the reason for this investigation

into the capacity loss of antimony and antimony -free batteries.

Many theories have evolved on the capacity loss problem

as a result of these investigations.

J. Burbank [1 , 13 ,14] showed , using replica transmission

electron microscopy, that there was a marked difference in

the morphology of lead dioxide between plates with antimony

alloy grids and those with antimony — free grids . She believes

that the antimony is beneficial to the positive plat e active

material. The antimony in some way retarded the grain

growth  of the lead  d i o x i d e  p a r t i c l e s .  W i t h o u t  the ant imony ,

the crystal morphology of active material in the positive

plate becomes important.

S. Tu dor , A . We isstuc h , and S. H. Davang [l5 ,l6 ,l7],using

autoradiog ra ph y , saw that in thin calcium-grid batteries,

failure was caused by a barrier layer of lead -s ulfate at the

gr id a c t i v e  m a t e r i a l  i n t e r f a c e .  Th i s  l e a d — s u l f a t e  layer  was

present between grid and active material even in the charged

state. A report by E. Zehende supported this explanation.

G. W. Mao and D. L. Douglas [18] showed that in the case

of the antimony lead alloy , the lead dioxide on the grid was

‘I
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relatively porous and had a relatively high resistance ,

while in non—antimonial lead alloy except lead calcium the

primary lead dioxide was denser and had a lower resistance.

A. C. Simon and S. M . Caulder [19 ,20] have shown that

two forms of lead dioxide exist. One is electrochemically

active and the other electrochemically inactive. Using

thermal mass spectroscopy , NMR , and microscopy they showed

that as the lead dioxide/lead - sulfate electrode was cycled ,

the electrochemica l ly active lead dioxide, which may be an

amorphous compound , underwent a structural reordering with

the loss of a hydrogen species. This structural reordering

- . c, sed an electrochemically inactive lead dioxide , with

loss of battery capacity and ultimate failure.

As mentioned above , several explanations have been put

forth for the accelerated capacity loss and failure of

antimony — free grid batteries. One of these causes may be

the explanation c-f capacity loss and failure ,or a ‘ombina-

tion of these causes may work together to lower the capacity

of a battery . It is also possible that there still exist

u n d i s c o v e r e d  e x p l a n a t i o n s .

This investigation attempted to explain the failure mode

of submar ine - t ype  l e a d — a c i d  s t o r a g e  b a t t e r i e s  in a deep—

cyc l e  rou t ine .  The s t r uc tu res  3nd s t r u c t u r a l  chang es  ove r  the

age of the battery were exami -ed using scanning electron

mic roscopy .  The main  t h rus t  of the anal ysis is on the struc —

tures of the i n t e r f a c e  between g r i d  and a c t i v e  rn ateri al ,for

4].
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a p o s s i b l e  corrosion product induc ement of failure ,or a
s t ruc tu ra l  change of this area which may be related to

c a p a c i t y  l oss  of the ba t te ry . The s t r u c t u r a l  changes  in

the active material , both near the grid and w ithin the

bulk of the plate, were also studied.

4 ’
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II. EXPERIME NTAL PROCEDURES

A. CONSTRUCTION OF T H E CELL

The test cells were constructed of parts taken from Stan-

dard production line submarine batteries. A complete cell ,

a Gould Inc. TPX— 61-E mi l spec 24200/5, was obtained from Mare

Island Naval Shipyard. This cell provided the antimony grid

plates and all the separators , retainers,and binding strips

used in the construction of the test cells. The terminals

of this cell were damaged in transit to the shipyard, but the

plates were undamaged. Three positive and six nega tive cal-

cium grid plates, taken from a Gould Inc. TLX-39B mi l spec

24200/7 , were received directly from Gould’ s Kankakee,

I l linois, factory . Currently Gould Inc. is the only supplier

of submarine batteries to the United States Navy. The plates

were received , cure d , and formed in a dried condition, as

they would be delivered for shipboard installation . They

I . were then cut into smaller sections in order to construct the

sma ll test cells used in this investigation.

All cells constructed consisted of one positive plate

between two negative plates with standard separators , re ta i ners

and binding strips (Figure 12). The antimony grid positive

plates measured 13 cm (5.1 in) X 11.5 cm (4.5 in) and the

thickness varied from 0.42 cm (0.165 in) to 0.45 cm (0.175 in).

The antimony negative plates measured 13.5 cm (5.3 in) X 11 .5

~ 

- 
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Figure 12 . V i e w  of the t yp i ca l  tes t  ce l l  used in -

this i n v e s t i g a t i o n .
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cm (4 .5  in)  and the th i ckness  va r ied  from 0.28 cm (0 .11  in)

to 0 .30  cm ( 0 . 1 2  i n ) .  The c a l c i u m  gr id  p o s i t i v e  p l a t e s

measured  12 .3  cm ( 4 . 8  in)  X 11.3  cm ( 4 . 4 5  in) and the t h i ck -

ness v a r i e d  from 0. 48 cm (0 .19  in)  to 0.5 cm ( 0 . 2 0  i n ) .  The

calcium negative plates measured 13.5 cm (5.3 in) X 11.4 cm

(4.49 in). The thickness varied from 0.37 cm (0.145 in) to

0.39 cm ( 0 . 1 5 5  in)  ( F i g s .  13 & 1 4 ) .

T he pos it iv e ox ide p a s t e s  of bot h typ e p lat e s we re  a

leady oxide produced by the ball mill method , having a minimum

free lead content  of 45 percent .  Both the n e g a t i v e  and posi-

t i ve  p la tes  con ta ined  dacron f i be rs  as a bonding material

and f i l l e r  in the p a s t e s .

T he s e p a r a t o r s  we re  a ll micr o por o us rubber t aken  f rom the

TPX 6 lE .  Th i s  s e p a r a t o r  is used in a l l  submar i ne - t ype  bat-

te r ies  cons t ruc ted  by Gould. All separators were cut to the

sam e size 13.9 cm (5.47 in) X 11 . 7 cm (4.6 in). The thick-

ness of the separators measured .127 cm (.05 in) on the

flat and .254 cm (.1 in) at the ribs. The separators were

un in ten t i ona l l y  p l aced  in the t es t  c e l l s  w i t h  the flat side

a g a i n s t  the g l a s s  wool  re ta iner  of the p o s i t i v e  p l a t e .  Tes t

ba t te ry  PbCa#2  was c o n s t r u c t e d  wi th the r ibbed s i de  of the

sepa ra to r  p o s i t i o n e d  aga ins t  the glass wool retainer of the

positive plate . No significant difference was observed between

the c y c l i n g  p arame ters o f PbCa # l  and PbCa#2 .  It was  thus con-

c luded that the sepa ra to r  o r i e n t a t i o n  had l i t t l e  e f f e c t  on the

param eters  of the t e s t .

t :~
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Figure 14 . A t yp i ca l  p o s i t i v e  p la te  used in the con-
s truc t ion of the test cells.
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The glass wool retainer material was cut to a size suffi-

cient to cover the active material of the pos itive plate.

This material measured .084 cm(.033 in) thick when dry .

Binding strips 13 cm (5.1 in) long were used to hold the re-

tainer on the positive plate.

The j a r s  of the ce l l  were  cons t ruc ted  of .636  cm ( . 2 5  in)

thick clear plexiglass. The dimensions of a jar are shown

in F igure  15 . A “ U” shaped  br idge of p l e x i g l a s s  was placed

in the bot tom of each  jar , c rea t i ng  a space  of a p p r o x i m a t e l y

1/ 2 in for sediment settling. The elements were wedged in

the jar  us ing  scrip p ieces  of p l e x i g l a s s .

The c o v e r s  for the c e l l s  were cons t ruc ted  of 0 .38  cm

( . 1 2 5  in)  t h i ck  p l e x i g l a s s .  The t e rm ina ls  of each p l a t e

p a s s e d  through these covers , as shown in Figure l 6,and were

sealed using a commercial silicone glu e and sealer. A 3/4 in

round ho le  in the cove r  s e r v e d  as a s e r v i c e  en t rance  for ob-

tam ing specific gravity , temperature and reference electrode

read ings  dur ing ope ra t i on  of the ba t te ry .

The cells were bussed together to form three - cell bat-

teries of approximately 6 volts. The bus bars consisted of

p i e c e s  of battery grid from the top of the various plates

used.  A w i r i n g  d iagram for the voltage — measuring leads and

the c u r r e n t - c o n d u c t i n g  power  l eads  is shown in F igure  17.

These  were  then put into a terminal board (Fig. l~~) to facili —

tate the connection of monitoring equipmer , t and charge and

F discharge equipment. The bus bars were connected to the cells

using 2— 56/64 stainless steel nuts and bolts. Due to

~~~
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Fi gure 18. T y p i c a l  e l e m ent c o n s t r u c t i o n  of the
- t es t  c e l l s .
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corrosion at the terminals these connectors required frequent

r e p l a c e m e n t .

B. CAPACITY  RATING OF BATTERY

Us ing Fa r raday ’ s Law in conjunction with the reaction

equation , the maximum capacity available from the active

ma ter i a l necessar y for one ampere -hour of capacity from the

lead acid system is 3.866 grams of lead , 4 . 4 6 3  grams of lead

d iox id e , and 3 .660  grams of su l f u r i c  a c i d .  The test

ba t te r i es  were cons t ruc ted  to be p o s i t i v e  m a t e r i a l  limited ,

the re fo re  the lead d i ox i de  of the p o s i t i v e  p l a te  w i l l  l im i t

the reac t i on .  T~he lead c a l c i u m  p o s i t i v e  p l a t e  c o n t a i n e d

a p p r o x i m a t e l y  206 .4  grams of p o s i t i v e  a c t i v e  material, which

r e l a ted  to a maximum c a p a c i t y  of 4 6 . 2 5  ampere —hou rs . The

l ead  ant imony p o s i t i v e  p l a t e  c o n t a i n e d  a p p r o x i m a t e l y  189 .2

grams of a c t i v e  ma te r i a l  . This corresponds to a maximum

capacity of 42.39 ampere — hours. The foregoing figures show-

ing the c a p a c i t y  are based  e n t i r e l y  upon t h e o r e t i c a l  cons id -

e r a t i o n s .  Prac t i ca l -  amounts of the a c t i v e  ma te r i a l  needed in

a real  bat tery  are f rom 3—5 t imes as much as p r e d i c t e d  f rom

theory , depending on the type of ce l l  and the t h i c k n e s s  and

number of p l a t e s .

There are s e v e r a l  reasons  for the l im i t ed  use of the

a c t i v e  m a t e r i a l s .  The lead  s u l f a t e  that  is formed during the

p rocess  of d i s c h a r g e  is a non—conduc to r  and i n c r e a s e s  the

r e s i s t a n c e  of the a c t i v e  ma te r i a l  of the p l a t e .  When the

a c t i v e  ma te r i a l  c o n t a i n s  50 pe rcen t  of s u l f a t e , the r e s i s t a n c e

has r i s e n  to a very high value. In addition the lead sulfate

4
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f o rm e d in t he p la te  tends to c lose t he pores  of the m a t e r i a l ,

wh ich  h i nders  the d i f f u s i o n  of the e l e c t r o l y t e .  As the

e l e c t r o l y t e  is consumed , i ts  r e s i s t a n c e  is i n c r e a s e d .  The

minimum r e s i s t i v i t y  of the e l e c t r o l y t e  occu rs  at  a s p e c i f i c

g rav i t y  of a p p r o x i m a t e l y  1 .225 .  Due to the ove rabundance

of e l e c t r o l y t e  in the t es t  c e l l s  used , the g r a v i t y  s e l d o m

fe l l  be low 1.200.  A four th  reason , wh ich  i n v o l v e d  the des ign

of the p l a t e  itself , is the l i m i t e d  con tac t  be tween the active

mater ia l  of the p la te  and i ts  suppor t  or g r id .

The ra t i o  of the amount  of a c t i v e  ma te r i a l  t ak i ng  par t  in

the r e a c t i o n s  to the to ta l  amount of a c t i v e  m a t e r i a l  p resen t

- 

- in the p l a tes  is c a l l e d  the c o e f f i c i e n t  of use.  A ce l l  of

good qua l i t y  w i l l  no rma l l y  have a co efficient of .25 or more.

The ac tua l  c a p a c i t y  of the tes t  c e l l s  was de te rm ined  by

tes ts  during the f i r s t  20 cyc les  of the battery ’ s life. Dis-

charge currents from 2.0 to 4.5 amperes were used to rate

the batteries. A current versus time relationship was plotted

on log-log paper. Peukert ’ s equation , being logarithmic , can

be p l o t t e d  as a s t r a i g h t  l i ne  on l o g - l o g  pape r .  The r e s u l t s

of these t e s t s  are g i ven  in F igu res  19 - 2 2 .  The s t r a i g h t  l ine

of the graph r e p r e s e n t s  100 pe rcen t  c a p a c i t y  for a p a r t i c u l a r

battery . Values of time and current above this line represent

greater than 100 pe rcen t  and v a l u e s  be low  th i s  l ine  repr esen t

less than 100 pe rcen t .  The ra ted  c a p a c i t y  at the 6 hr rate

for each of the b a t t e r i e s  t e s t e d  w a s :  PbSb ~ l - 20.1 ampere -

hour; PbSb = 2 - 19.2 ampere -hou rs ; PbCa#l — 18.6 ampere-hour;

an d PbCa~ 2 - 17.4 ampere — hours. These values give a coefficient

.
j 
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of use of 0 .46  for the PbSb ba t t e r i es  and 0 .38  for the PbCa

ba t t e r i es .

C. OPERATION OF BATTERIES

A l l  ce l l s  rece i ved  an in i t ia l  charge in acco rdance  w i t h

the m a n u f a c t u r e r ’ s s p e c i f i c a t i o n s  set  for th  in Refs . 21 , 22 ,

and 23. The ant imony c e l l s  were f i l l ed  w i th  1 .235  s p e c i f i c

g rav i t y  e l e c t r o l y t e  and a l l o w e d  to s tand o p e n - c i r c u i t e d  for

a p p r o x i m a t e l y  15 hours .  At the end of th is  s tand  ti iie the

ba t te ry  was p l a c e d  on a cons tan t  current  charge  of .0307

amperes per sq inch of p o s i t i v e  p la te , wh ich  co r responds  to

a .66 ampere c o n s t a n t  cu r ren t  charge of the tes t  c e l l s .  The

ca lc i um c e l l s  were f i l l e d  w i t h  1 .255 s p e c i f i c  g rav i t y

e l e c t r o l y t e  and a l l o w e d  to s tand  o p e n — c i r c u i t e d  for approxi-

mately 15 hours. At the end of this stand time they were

p laced  on a cons tan t  cur rent  charge  of .0228 ampere per sq

inch of p o s i t i v e  p la te , w h i c h  co r responds  to a .513 ampere

c o n s t a n t  cur ren t  charge for the s i z e  of the tes t  c e l l s .

Both i n i t i a l  charges  were  con t inued  at these ra tes  for a min i -

mum of 72 hours .  The charge  was con t i nued  unt i l  there was  no

r i se  of more than .01 v o l t s  in the v o l t a g e  of the c e l l s  over

a pe r iod  of 3-5 hours .  At th is  t ime the bat tery  had comp le ted

i ts  in i t ia l  charge.

The norma l charge g iven  the ce l l  be tween  d i s c h a r g e s  was

a c o n s t a n t  p o t e n t i a l  charge.  A c o n s t a n t  p o t e n t i a l  was  a p p l i e d

to the ba t te ry  at  the s t a r t  of charge  equal  to the TVG v o l t a g e

of the ba t te ry  ( T a b l e  III). The v o l t a g e  was he ld  c o n s t a n t

& -
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unti l  the current  dec reased  to the f i n i sh ing  ra te .  The c u r—

rent was then held cons tan t  and the v o l t a g e  a l l o w e d  to r ise ,

at w h i c h  t ime the bat te ry  was  a l l o w e d  to gas f r ee l y .  The

bat tery v o l t a g e  was a l l o w e d  to inc rease  to a va lue  of between

7.95 and 8.05 v o l t s  at w h i c h  time the charge was s e c u r e d .

The th i rd type of charge used was  an ex tended charge , re—

ferred to as an equa l i ze r  charge .  Th is  char ge was performed

af ter  app rox ima te l y  every  tenth d i scha rge  and as the f ina l

charge of the bat tery  be fore  removal  f rom tes t .  The charg e
- 

- 

was conduc ted  in the same manner as a normal charge , w i t h

one m o d i f i c a t i o n , namely that the parameters  for  comp le t i on

of charge  were d i f f e ren t .  The e q u a l i z e r  charge  was c o n t i n u e d

until there was no r ise  of the ba t te ry  v o l t a g e  for a per iod

of at l e a s t  one hour.  Th is  charge  no rma l l y  c b t a i n e d  v a l u e s

of be tween 8.1 and 8.15 volts at the end of charge .

The charges were conducted us ing  H e w l e t t - P a c k a r d  model

6434B DC power  supp ly  dur ing the per iod  of h igh cu r ren t  demand

and a Kepco model CK 18-3 DC power supp ly  at cu r ren ts  be low

3 amperes for  the comp le t i on  of charge.  Both power  s u p p l i e s

were equi pped w i t h  remote scann ing  v o l t a g e  cont ro l , so tha t

a cons tan t  v o l t a g e  c o u l d  be ma in ta ined  ac ross  the ba t te ry ’ s

t e rm ina l s , and w i t h  c u r r e n t — l i m i t i n g  c i r c u i t s  so c o n s t a n t  cur -
F rent cou ld  be ma in ta ined  at the f i n i sh i ng  ra te .

The d i scha rges  were  conduc ted  us ing  a c o n t r o l l e d  current

d i scha rge  uni t  bui l t  by T. C h r i s t i a n  in the M e c h a n i c a l

Eng ineer ing  Depar tment  of the Naval  Pos tg radua te  S c h o o l .  A

d e s c r i p t i o n  of th is  unit can be found in Append i x  A.  The

4
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current  dur ing d i scha rge  was he ld  cons tan t , and a minimum

limiting battery volta geof approximately 4 .6  v o l t s  ended the

d i scha rge .  A Honeywe l l  E l e c t r o n i c  194 two channel  s t r i p

record er  was used to record the v o l t a g e  of the to ta l  ba t te ry

and of one ce l l  of the bat te ry . During s e l e c t e d  d i s c h a r g e s ,

as a check  for p o s i t i v e  p l a te  l i m i t a t i o n  of the ba t t e r i es , a

cadmium re ference e lec t rode  was p laced  in the ce l l  so that

the n e g a t i v e  and p o s i t i v e  p la te  p o t e n t i a l s  cou ld  be mon i to red

dur ing the d i s c h a r g e .  A s econd s t r i p  recorder  was used to

moni tor  these v a l u e s .  The d i scha rge  cu rves  of a t yp i ca l  dis-

charge are shown in Figure 23.

D. ANALYSIS PROCED URES

1. Samp le  P r e p a r a t i o n

Samples  were  removed from tes t  at ce r t a i n  i n t e r v a l s

dur ing the l i f e t i m e  of the tes t  ba t te ry . At the end of ten

cyc les , #3 ce l l  was removed from s e r v i c e  and rep laced  by c e l l

#4 .  Ce l l  #3 was then p r o c e s s e d  for e x a m i n a t i o n .  At the 20

cycle point cell #2 was removed and r e p l a c e d  by ce l l  #5~

Cel l  # 2 was  then p r o c e s s e d  for e x a m i n a t i o n .  The rema in ing

three .e l ls  (1 , 5 , and 4) were  then c y c l e d  unt i l  f a i l u re  or

ce l l  # 1 reached a l i f e  of 60 c y c l e s .  At  th is t ime a l l  three

c e l l s  were  d i s a s s e m b l e d  and p r o c e s s e d  for e x a m i n a t i o n .

Upon removal  from tes t  each ce l l  was  tho rough ly  washed

in tap wa te r  to remove a l l  e l e c t r o l y t e  from the plate. The

F w a s h i n g  c o n s i s t e d  of p l a c i n g  the p l a t e  in a beaker  of tap

wa te r  for about  two minut es dur in g w h i c h  t ime the w a t e r  w a s

changed three t imes .  The p la t e :as then w a s h e d  under running

- ~~~-- -—-  —- ----
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tap water  for a per iod of three to f i ve  minutes .  These wet

p la tes  were then p laced  in an oven at 70 °C and dr ied for

approx ima te l y  24 hours . When thoroughly  dry they were  removed

from the oven and ready for exam ina t i on  and a n a l y s i s .  The

p la tes were th en cut to g i v e  a smal le r  sample for f ina l  pre-

paration (Fig. 24).

The f inal s tep in sample p repara t ion  was the cu t t i ng

of the p la tes  so exposure of the grid and a c t i v e  ma te r ia l  in-

terface be obtained with minimum disturbance to the plate

microstructure. Many differ ent attempts and techniques were

tried but only three showed any practical results.

The first of these methods was the only cu tting

method which proved to be of value . A piece of plate approxi-

mat ely one inch square was cut from the plate; (Fig. 24) a H
grid bar running through the sample was then located and a

notch was cut into the grid bar with a single edged razor

blade. The cutting of this notch was done under a Bausch

an d Lomb Model SFB-2 Stereo Zoom Microscope. The cut was

made clearly with as little dis tortion of the interface as

possibl e (Fig. 25). This was the only method which created

a useful cross-sectional view of the corrosion layer near

the grid surface.

The second method was a simple separati on method.

A piece of plate with a grid bar located on one side is

separated from this grid bar by pulling the grid bar away

from the active material as seen in Figure 26.

The th i rd method used to expose  the mmi i c ros  t ruc ture

of the a c t i v e  ma te r i a l , g i v i n g  a v i ew  a c r o s s  the t h i c k n e s s
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of the p l a t e ,w a s  a f r a c t u r e  method.  A p e l l e t  of a c t i v e

material was removed from the grid of the plate , t~ en  broken

in half and mounted to observe the fractured s-jr face 
~~

g.

2 7 ) .

2. SE~-1 A n a l y s i s

The examination of these samples was conducted using

a Cambrid ge S4- lO Stereoscan Scanning Electron Microsco pe

(SEM) (Fig. 28). The SEM is a relatively new instrument , de-

veloped in the 1960 ’ s. There are two significant advantages

to the use of the scanning electron microscopy over light or

transmission electron mic roscopy. The first is the ease of

sample preparation. The SEi’-1 requires little or no prepara-

tion other than mounting on a stub. The second advantage is

that the depth -o f- field is greatly increased over that for a

light microscope.

The instrument u ;es a fine probe of electrons to

examine the microtopogra phy of solid bulk specimens. It

enables the examination 0f surfaces whose roughness or other

characteristics render their obse rvation extremely difficult

or i m p o s s i b l e  by means of a c o n v e n t i o n a l  t r a n s m i s s i o n

electron micro ~ cope , using either direct or extraction replica

methods. The ability to resolve specimen detail is always

better than 10 nni under satis factory conditions , with a depth

of focus that is at least 300 times greater than that of a

li ght microscope , when both types of microscope are adjusted

for optimum performance and similar picture quality . The

Stereosca. n has a direct - reading magnification system which

A
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Figure 28. Cambridge Mode S4— l 0 scannin g electron
m i c r o s c o p e  ( S E M ) .
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p r o v i d e s  a useful range between X20 and Xl00 ,000 , correspond-

ing to scanned areas of 5 mmmi to 2 ~m square on the specimen.

The standard specimen stage allows objects of up to 12 mm in

diameter and several millimeters thick to be manipulated in

any required orientation [24].

The specimens are mounted on a small circular alumi-

num stub. The sample is attached to this stub using silver

conducting paint.

Pictures on the SEt-I were taken using a Tektronik

Osci l lscope Camera model 0-27 equipped with a Polaroid 545

film holder and type 55/Positive -Negative Polaroid film .

3. X - r a y  D i f f r a c t i o n

X-ray diffraction patterns were obtained on samp les ,

t aken  from v a r i o u s  c y c l e  l i f e  po in ts , of the a c t i v e  m a t e r i a l

of the positive plate. The e quipment us ed consisted of a

No r e l c o  w a t e r  c o o l e d  X - r a y  d i f f r a c t i o n  un i t  f i t t e d  w i t h  a

wide range gon iometer and coupled to a N orelco Data Control

and Processor unit (Figure 29). The preparation of sam ol es

for  X - r a y  d i f f r a c t i o n  w a s  s t r a i g h t f o r w a r d .  The m a t e r i a l  to

be ana ijzed was powdered and placed in a standard specimen

holder in the goniometer. The patterns were run from 10°

through 110 ° of arc. The Hanawalt system for X-ray diffrac-

t i o n  analysis was used for identification of the substan ces.

4 . O p t i c a l  M i c r o s c o p y

Samples of the positive plate were cold mounted us u n - ~

vacuum imp regna t i on  t echn iques  d e s c r i b e d  by A . C. S imon [33 ]
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for use in the study of the e l e c t r o c h e m i c a l  p r o c e s s e s  of the

- 
lead -ac id battery system . After mounting, the samples were

- 
dry p o l i s h e d  for o b s e r v a t i o n .  O b s e r v a t i o n s  were performed

- on a Bausch—Lomb Dynazoom Bench M e t a l l o g r a p h  model 32.

- Polaroid film type 105/Positive -Negative was used in this

w o r k .

L
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III. EXPERIMENTAL RE SULTS AND DISCUSSION

A . BATTERY PERFORMANCE

The prime measurement of a battery ’ s performance is its

abi lity to maintain a certain constant current for a speci-

f l ed  dura t ion  of t ime.  The ba t te r i es  in th is  i n v e s t i g a t i o n

were discharg ed bj holding - the current constant until a set

cutoff volta l e range was reached. The time , current and

battery vo 1t ~ ge C’- the discharge were recorded. A cycle

history was ma i n ta ined on all batteries tested. These cycle

h i s t o r i e s  of  the - d i f f e r e n t  t es t  b a t t e r i e s  can be found in

A p p e n d i c e s  8 , C , 0 , and E.

Two antimony and two calcium batteries were subjected to

the deep cjcle routine described earlier . The antimony grid

alloy type batteries were designated PbSb #l and PbSb #2 , and

the calcium grid alloy type were designated PbCa~ l and PbCa #2.

- ‘ A decrease in capacity below 80 percent of the value set by

Peuke r t ’ s e q u a t i o n  for that batte ry was taken as evid ence of

i ts  hav ing  conc luded  i t s  s e r v i c e  l i f e  and in th i s  way f a i l u r e

was arbitrarily defined to have occurred.

All batteries cycled in the specified cycle routine ex-

perienced a similar occurrence at the time of replacement of

one cell with a new cell. Following cell replacement, the

c a p a c i t y  of the ba t te ry  i n i t i a l l y  dec reased ,w i t h  e v e n t u a l l y

a gradual increase as cycling progressed. This is consistent

k
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~~w i t h  the fac t  that  the new ce l l  had r e c e i v e d  no cond i t i on ing

discharges to build up its capacity to 100 percent. There-

fo re , as the new cell conditioned themselves on the rout ine

the battery ’ s ca pacity increased.

No one cell was the limiting cell for all discharges of

a given battery . A cell was considered to limit the dis —

: 1  charge if i ts  end of d i scharge  v o l t a g e  was less than one-

th ird of the to ta l  ba t te ry  v o l t a g e  at end of d i s c h a r g e  as re-

corded by the s t r ip  char t  reco rder . The t yp i ca l  c u r v e s  of a

limiting cell and a non limiting cell are shown in Figures

30 , 31. Although all plates were cut from the same full size

submar ine p la te , d i f f e r e n c e s  in grid size effected which cell

was the limiting cell. Where the grid bars were large , less

active material was available for reaction , so the cell with

o v e r s i z e  gr ids , thus hav ing  l ess  a c t i v e  mate r ia l  tended to

be the limiting cell as the test routine was in its first

cycles. Typically, near the conclusion of the life of the

— 
battery cell one , the oldest cell became the limiting cell.

The specific gravity readings for a typical six hour dis-

charge dropped an average of 40 points in both types of test

batteries. . This is much less than that experienced in a full

s i z e  submar ine , where they are on the order of 225 po i n t s .

In order to insure positive plate limitation of the discharge ,

the test cells were purposely loaded with an excess of

electrolyte. An average TLX -39B submarine battery has an

electrolyte to positive active material ratio of 2.5 ml/cm 3
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reason the spec i f i c  g rav i t y  drops dur ing d i s c h a r g e  were  l ess

than in a ful l  s i ze  c e l l .

The first battery to be run on the deep cycle routine

previously discus sed was PbSb #l . A plot of the capacity

versus  c y c l e s  is g iven  in Figure 32. This p lo t  i l l u s t r a t e s

the decrease of capacity after the replacement of one cell

wi th a new one , which occurred in this case at ten and 20

c y c l e s .  Ce l l  f i ve  of th is  bat tery  seemed to take an unusua l l y

long time to condition. This is attributed to an equipment

m a l f u n c t i o n  on the first two discharges after being placed in

the battery. This cell was limiting cell , as expected , but

was allowed to discharge more deeply than intended causing

the extension of its conditioning time. Cell one became the

l im i t i ng  ce l l  of the ba t te ry  at  about 38 cycles. From this

t ime unt i l  end of tes t , a con t i nua l  l o s s  of c a p a c i t y  of the

bat te ry  was  no ted.  Fa i lu re  was  a lmos t  c o m p l e t e  at  4 1 c y c l e s

so an equalizer charge was given the battery at this time

and some of the lost capacity was regained. At 45 cycles

failure was compl ete and cell one appeared to be the cause of

- - this failure. The failure was a .tributed to “worn out” posi —

tive plate material. Worn out plates are ordinarily detected

by a decrease in capacity of a battery which is receiving

adequate charge. The specific gravity of the electrolyte may

rise to the customary value , but the capacity on discharge is

be low  normal [1]. Ce l l  # 1 sh~ .H both of these symptoms : -

(1)  the s p e c i f i c  g r a v i t y  of ce l l  one re tu rned to normal a f t e r

a charg e was given and
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(2) that cell one being the limiting cell controlled the

capacity of the battery which declined below 80 percent.

A second lead — antimony battery was then placed on the

cycle routine. A plot of PbSb #2 ’ s capacity versus cycles

is given in Figure 33. Th is  ba t te ry  deve loped  a g rea te r

capac i t y  than P b S b # l .  Th i s  high c a p a c i t y  and the i n c r e a s e d

l i fe - t ime of th is  bat tery  over  that  of PbSb #l due to minor

re f i nements  in the tes t ing  procedures  used on the two d i f fe r -

ent  batte rie 3 , but still many similarities existed between

its hi story and that of PbSb#l. The limiting cell at the

early lifetime was normally the newest cell in the battery .

A ga i n ce l l one , the oldest cell of the battery , became the

limiting cell and when this occurred it again signaled a

gradual decrease in the capacity of the battery until ultimate

failure . Failure of this battery occurred at cycle 55. At

this time an attempt was made to recover lost capacity by

g i v i ng  the ba t te ry  an e q u a l i z i n g  charge .  Some reco ve ry  v~as

a t t a i n e d , but comp le te  f a i l u r e  was con f i rmed at 60 c y c l e s , and

the bat tery  was  removed f rom tes t .  An a d d i t i o n a l  f a i l u r e

mechanism was noted after disassembly of cell one and cell

four o f f  th is  tes t  ba t te ry . Both cells showed grid failure,

which is considered to have had a significant effect on

failure of the battery .

— The third battery tested was a lead—calcium type battery

desi gnated PbCa d l. The capacity versus cycles plot of this

battery is given in Figure 34. This battery did not exper —

ience failure during the period of test but a definite trend

77 
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involving a d e c r e a s e  in capacity was evident at the time the

c y c l e  rou t ine  was c o n c l u d e d .  A g a i n  it was seen that  the

l im i t ing  ce l l  of the ba t te ry  tended to be the newes t  c e l l  at

the ou t se t  of the tes t  r ou t i ne .  A point was reached , at

approximately 15 cycles after final cell rep lacement ,or 35

c y c l e s  of tes t , where  cell one aga in  became the l i m i t i n g  ce l l .

This characteristic is believed to be a peculiarity of these

test cells , where the cells have di fferent cycle times. In

an on -service battery all cells would have the same number

of c y c l e s  and th is  c h a r a c t e r i s t i c  w o u l d  not e x i s t .  The

phenomenon of the o l d e s t  becoming  .the l i m i t i n g  cell , took

- 

- 

place at 35 cycles for PbCa -~l, where  ce l l  one became the l i m i t -

ing cell. For PbCa #l the occurrence was not followed by a

corresponding gradual decrease in capacity , as observed in

the antimony type batteries; the decrease in batte ry capacity

did not begin until after an equalizing charge at cycle 50.

At cyc le  55 c e l l  one began to show the s i g n s  of “w o r n - o u t ”

plates. The battery was removed from test at 60 cycles and

prepared for examination .

The l a s t  ba t te ry  t es ted  was  a l e a d - c a l c i u m  type des i g n a t e d

PbCa#2. An additional purpose of this battery was to ascer-

tam the effect of the inadvertent reversed placement of the

separators in the other batteries , i .e., flat side toward the

- : p o s i t i v e  p l a t e  w i t h  f i b e r g l a s s  mats b e t w e e n .  The c y c l e  r o u t i n e

was conducted for a full 20 cycles to allow sufficient time

r- for c o n d i t i o n i n g  of the c e l l s .  No ce l l  was  removed from the

bat te ry  at 10 c y c l e s .  A l l  c e l l s  r e a c h e d  c a p a c i t y  of a b o v e

I -- ~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~
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100 percent. Th~ ampere-hour capacity of this battery was

approximately 16.8 amp —h r s at 4.5 amps as compared with 16.65

arnp -hrs for PbC a~ l. Therefore it was concluded that this

separator reversal in no way prejudiced the results obtained

from these tests. A plot of capacity versus cycles for

PbCa~ 2 is given in Figure 35.

B. OBSERVATIONS WITH SCANNING ELECTRON tII CROSCOPY

Samples for microscopic examination were removed from all

positive plates which were cycled in accordance w i t h the test

rou t i ne  p rocedures  a l r e a d y d i s c u s s e d . S a m p l e s  e x a m i n e d  of

the l ead -an t imony  ty pe were  o b t a i n e d  f rom PbSb ~ l at  10 , 20 ,

25 , 35 , and 45 c y c l e s  and from PbSb ~ 2 at 10 , 20 , 40 , 50 , a n d

60 c y c l e s .  S a m p l e s  e x a m i n e d  for  the l e a d - c ~ lci  urn t ype  w e r e

o b t a i n e d  f rom PbCa ~~l at 10 , 20 , 40 , 50 and 6 0 .  Renember ing

that  a l l  p l a t e s  were  removed f rom t es t  in the f u l l y  c h a r g e d

c o n d i t i o n , the f o l l o w i n g  h i s t o r y  of m o r p h o l o g i c a l  c h a n g e s

over the course of the tests was constructed.

1. Changes  O b s e r v e d  in the L e a d - A n t i m o n y  T ype B a t t e r i e s

A macroscopic view of the lead -a ntimony positive plate

in the zero cycle condition is shown in Figure 36. The p l at e

appears to have an even texture , almost smooth. The active

material is firm , reddish brown in col o r , similar to the color

of rust. After about 40 cycles , a definite change in the

macroscopic appearance of the active material was observed.

Figure 37 shows the plate as it appeared at this time. The

acti v e material had begun to expand away from tne smaller of

tie horizontal grid bars, but remained firml y attacne d to the

8:  
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battery at ~0 cycles. The first signs
of a change in the st ructure of the
plate have occurred.
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larger horizontal and vertical grid members. This expansion

of the active material is attributed to the growth of a void -

fil led structure of the active material as cycling progresses ,

i.e., an increase in the total occupied volume. The relative-

ly smooth appearance of the plate surface has changed to a

rud dy crater—like complexion near the bottom .and it was in this

area that some shedding of active material is b elieved to have

tak en place. A fter 50 cycles (Fig. 38), the expan sion of the

mat erial has led to dome-like bulges on the plate , and in-

creased shedding is represented by the cratered texture of the

surface. The photo shows the top of these domes to be

smo othed over. This was caused by the evolution of drying

and storage of the plate before analysis. Upon removal from

the ce l l,these tops exhibited the same crater-like texture

seen throughout the plates surface. Grid failure was also

evident on the outer grid of this plate ,and can be seen in

the low er left hand corner of the photograph. This type o~
grid failur e i’s common in lead — antimony grids at the end o i~

battery plate life. The location of this failur e suggests

that failure is caused by stress corrosion of the grid material ,

such as described by Simon [25]. At 60 cycles the dome-like

structures seemed to have collapsed back into the plat e and

increased shedding had occurred in conjunction with this.

Unique to this plate , and considered to be the n rime cause of

failure , is structural failure of the grid. This r esulted in

isolation of vast amount s of active material throughout the

p l a t e .  The penc i l  in Fi gur e 39 s h o w s  the l o c a t i o n  of t h i s

85
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F igu re  38. P o s i t i v e  p l a t e  of a l e a d — a n t i m o n y  g r id
.5 b a t t e r y  at  50 c y c l e s .  The d o m e - l i k e
.5 - bulges are evident at the surface. The

grid failure of this plate can be seen.
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c r a c k .  Number ing the h o r i z o n t a l  g r id  bars  f rom top to bot tom ,

th is  c rack  ex tended  f rom bar one th rough s e v e n ,w i t h  a c r a c k

at the bo ttom through g rid bar 1 1 . All current ti and from

the acti v e material therefore had to be passed through bars

eight , nine and ten , and the resultant lengthening of current

paths  had a d i r ec t  de t r imen ta l  e f f e c t  on the pe r fo rmance  and
S micro structure of this cell.

The SEM observations of the zero cycle lead — antimony

plates shows active material in the form of small spheroidal

shapes firmly bonded together to form a continuous mass of

active material (Fig. 40). It appears as a highly porous mass

of similar sized agglomera tes randomly arranged to present a

high r elative surface area to the electrolyte at lower magni-

fications (Fig. 41). Between the grid and the active material

is a corr osion layer (Fig. 42), created during fo rmation ,

which measured approximat ely 30 ~m t h i c k  at th i s  po in t , a f a c t

that was confirmed by the use of optical micr oscopy (Fig. 1 3).

The a t t a c h m e n t  of the a c t i v e  m a t e r i a l  to the g r id  s u r f a c e

through th is  corrosion layer appears as an a l m o s t  l i q u i d - l i k e

entrapment of the active mat erial within the corrosion product

l ayer  ( F i g .  4 4 ) .

A f t e r  10 c y c l e s  on the deep c y c l e  t e s t  rou t ine  no

c h a n g e  in the structure of the activ e material near the grid

had t aken  p l a c e .  The same so r t  of  a c t i v e  m a t e r i a l  s t r u c t u r e

noted  s t i l l  e x i s t s  as seen in Figure 45 .  H o w e v e r  the corro-

s i on  l aye rs  of the g r id  has i n c r e a s e d  its size to about 55 i_rn

(F i g .  4 6 ) .  Th i s  c o r r o s i o n  l aye r  is  though t  to be the m i x t u r e

88
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Figure 42. Corrosion layer at the interface between
the active material and the grid of a

- lead — antimony battery , 280X , zero cycle.
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of ci. and ~ Pb0 2, described by Burbank [26] as a layered com-

posite of very small crystals resembling a eutectic crystal-

lization pr oduct. The li q u i d — l i k e  entrapment of the active

material is shown in greater detail in Figure 47. I t was

noted that this type of bonding action appears to be favor-

able to good current conduction back to the grid. Noted

also at the interface between the corrosion layer and the

ac ti ve ma ter i al , the corrosion layer seemed to be in a transi-

tion state of possible conversion to the active material

structure. In the process of examining one sample , an area

was located where the active material had fallen away from

th e corros i on l ayer , thus allowing an unobstructed view of

this corrosion product (Fig. 48). This exposed corrosion

product appeared to have a compacted microporous surface

covered with a network of small needle-like structures ar—

ranged as to indicate locations where now—converted PbSO 4
crystals existed. This layer seems to be firmly attached to

the metal surface of the grid , and attempts to separate this

layer from the grid were unsuccessful. The needle — like

cyrstalline network structures are believed to be the same

as those described in greater detail by M. Coy le [Ref . 27]

in his work with floated and trickle discharged submarine

plates. This network is believed to be beneficial to the

conduction of current and maintenance of capacity of the

batteries. This was the only indication that this network

structure existed on the lead-antimony plate. As the cycling

of the battery continued no observance of this network was

~~! 
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Figure 47. Corrosion layer -active material inter-
face showing the li q u i d — l i k e  entra pment
of active material in the surface
material. Lead — antimony battery after
10 cycles , 2600X.
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Figure 48. Surface w i thin the corrosion layer of
a le ad—anti mony batte ry at 10 cycle s ,
2300X.
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made . The disappea rance of this structure in these plates

is believed to play a role in the performance of the battery .

No further changes were noted in the corrosion layer

or in its attachment to the active material at 20 cycles.

However it was observed (Fig. 49) that the active material

most distant from the grid ,at the center of the pellet , had

begun the development of voids within its structure. Along

the edges of these voids there seemed to be a grouping of the

active material , as if some preferential location existed for

the formation of the lead-dioxide. The active material near

the grid did not appear to be undergoing this same transfor-

mation . The active material near the grid is shown in

Figure 50.

The two lead antimony batteries PbSb#l and PbSb#2

• from this point on seemed to progress toward failure at dif-

ferent rates. The morphological changes which they exper-

lenced during the first 20 cycles appeared to coincide , but

after this period PbSb#l seemed to be accelerated toward

failure. Both batteries experienced the same structural

changes at different cycle reference points. PbSb~ l failed

at 45 cycles and PbSb #2 failed at 55 cycles. There could be

many reasons for this difference but one of the major contri-

buting factors was the refine ment of cycling pr ocedures and

experience gained over the course of testing PbSb a l .

In PbSb~ l at 35 cycles , a distinct change of micro-

structure of the active material had begun to emerge. The

interi or of the active mate rial away from the grid,n ear the

~
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Figure 49. Active material near the center of the
pellet with the first stages of void
development within the active material.

I 
Lead-antimony battery 20 cycles , 2400X. •
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Figure 50. Active material near the grid with
little change in its microstructur e.
Lead-antimony battery 20 cycl es ,

-
~ 1280X
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cen ter and just below its surface , developed large internal

vo i ds , se parated by nearly continuous walls of Pb0 2 which

formed a labyrinth structure herlceforth referred to , after

Simon [32], as the ~cora ll o i d ” structure (Fig. 51). A simi-

lar co ra l l o id s t ruc ture a lso  a pp eare d near th e g r id bu t th e

scale of this structure was on the order of five times

smaller than seen at the center of the active material (Fig.

52). Simon [Ref. 32] explains the formation of this coral -

b i d  structure in conjunction with the idea of the existence

of an inacti ve form of Pb0 2. He explains the cora l loid

structure formation upon the basis of a ~mem o r y 11 pattern

that remains from cycle to cycle and that originates in the

presence of inactive particles of Pb0 2. As the active Pb0 2
is dissolved during discharge the inactive form tends to be

concentrated in or on the lead sulfate. On the initiation of

the next charge cycle the inactive particles act as nuclei

for the growth of the active Pb0 2, and as these Pb0 2 par —

tid es enlarge they form a more concentrated form of Pb0 2.

As this cycle progresses , greater and greater concentration

of active material takes place , thus forming the cora lb oid

structure. By a continuation of this charge—discharge cycling

a well-defined Pb0 2 co ra l l o id s t ruc ture even tual ly emer ges ,

which can be repetitivel y reproduced on each charge cycle by

reason of the residual inactive Pb02 particles which it

con tains.

Observations made during this study of cycling bat-

teries are consistent with this idea of the forma tion of the

*
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Figure 51 . Large scale corab b oid structure at the
interior of the positive plate. Lead—
antimony battery , PbSb #l , 35 cycles ,
245X.
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Figure 52. Small scale coral b ois structure near
the grid lead—antimony battery PbSb dl ,
35 cyc les , l200X.
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coralloid struct ure. It is also believed that the current

paths of the active material play a role in the scale of

I: this coralloid structure. As the voids are produced ,and the

concentration of the Pb0 2 at the edges of these voids takes

p la ce , the concentrated lead dioxide becomes a preferential

current path back to the grid. The creation of these pre-

ferred current paths cause an increased current density to

exist along them. This local increase in current density

in turn causes a further concentration of active material

along these paths , creating even larger voids. The appear-

ance of the first voids at the center of the active material ,

and subsequent enlargement of the voids in this area tends

to lend credence to this idea. Near the grid the void struc-

ture has not had the time to form these large voids , so that

a smaller coral b oid structure is present. The formation of

the coral l oid structure is believed to be a normal evolution

in the lifetime of a battery.

Noted also at 35 cycles of PbSb# l was the fact that

at the surface of the grid corrosion layer , the spiney needle —

like crystals could no longer be found (Figs. 53 , 54), a fact

whose importance is not fully understood but is believed to

be related to performance of the battery . A l so se en wa.s an

increasing of the corrosion layer thickness to approximately

60 ~im (Fig. 55).

- j- By the time PbSb #l had reached 45 cycles , the develop—

ment of the coral b oid structure was essentially complete . At

the surface of the grid the structure had increased in size ,
L A
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gure 53. Corrosion layer surface; note the lack

of the spiney needle—like crystals re-

I 

ported in battery life . Lead -antimony
battery PbSb#l , 35 cycles , 6000X .
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Fi gure 54. Corrosi on layer surface; note the lac k
of the spiney needle - like crystals re-
ported earli er. Lead —antimony battery
PbSb #l , 35 cycles , 2400X.
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Figure 55. Grid -act ive material interface in whi ch
the corrosion layer measures ~n average
60 ~m . Lead-antimony battery , 35 cycles ,
PbSb# l , 240X.

p

S 108



- ~~~~~~~~~~~~~~~~~~~~~~~~~~

at the surface of the grid the structure had increased in

size (indicating its development was continuing (Figs. 56 ,

57). Large coralloid structure had formed on the under s ’de

of the dome — like shapes of the active material (Fi g. 5 E ) .

The coralloid structure has the appearance of a stru ctur aflj

wea k ne twor k , which would encourage shedding of the act i -i e

material. The nodular structure of this coral b oid appears

to be conducive to loss of structural integrity at the nodes ,

allowing the nodules to fall away , and causing loss of

electrical contact with the remaining structure. ~--1 easure-

r 

ments of the sediments found in the bottom of extensively

cycled cells [31] seems to be of the same general size as

these nodules.

Another possible correlation of coralloid structure

formation with capacity los s is that the formation of lead—

sulfate crystals upon discharge can more easily passivate

underlying lead dioxide by encasing it within the core of

the coral b oid structure [32].

PbSb#2 experienced a similar formation of coral l oid

as cycling progressed , but because its development proceeded

ove r a somewhat longer period of time , some additional in-

si ght into the steps of its formation was gained. 1-he

active material near the center of the pellet started its

transition to the void filled network of the coral l oid struc-

ture , with voids on the order of l 2-#20 ~m and not clearly

defined (Figs. 59 , 60). Near the grid no similar transforma-

tion was evident; in fact the active material had changed
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Figure 56. Surface of the enlarged cora llu id struc-
ture at the grid surface with repeated

I cycling. Lead — antimony battery Pb Sb d l ,
45 cycles , l lOO X.
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Figure 57. Enlarged co r al l oid nea r the grid. Lead -
antimony battery PbSb#l , 45 cycles ,
h oax
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Figure 58. Active material corall oid structure on
the undersurface of the dome -like

• structur e . Lead — antimony battery PbSb #lI 45 cycl es , 2lOX.
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Figure 59. Beginning formation of the coral l oid
structure by the forming of voids at
the center of the active material .
Lead -antimony battery PbSb #2 , 40
cy c les , l200X .
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Figure 60. The voids forming as the first stage
I of formation of the coral l oid network.

Lead —ant imony battery PbSb ~ 2, 40
- cycles , 1200X.
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little over the course of the fi rst 40 cycles (Fig. 61).

The ac ti ve ma ter i a l near th e g r id underwen t some enla rgemen t

of the agglomerates of Pb0 2 which make up this active

ma terial (Fig. 62).

When the battery reached 50 cycles the corrosion

layer seemed to have decreased in thickness (Fig. 63), lead —

ing to the belief that the transformation of this corrosion

pr oduct into usable active material has been accelerated .

Observ ed with this decrease was the disappearance of the

spiney needle - like crystals noted earlier (Fig. 64). These

facts seem to indicate that the acceleration of the growth

of the cora ll oid is somehow related to these crystals and

that these crystals are related to the performance of the

battery . The cora ll oid structures formation is now in the

H advanced stages and has begun to take on the nodular appear—

ance of the final stage of development (Fig. 65). The sur-

face of this coral l oid appeared as a highly porous arrangement

of small agglomerates of Pb0 2 (Fig. 66).

At the end of cycle testing, with 60 cycles completed ,

the transformation into the coralloid structure appeared to

be complete and the battery had already experienced a si gni —

ficant loss in capacity . Part of this capacity loss must be

attributed to the massive grid failure which this plate

suffered. The coralloid formed near the grid,on the side of

the failure connected to the terminal , i s seen as a sm a l~ intri-

cate pattern of coral 1 oi d bel ieved to be in its first stages

of formation (Fig. 67). The larger , older formation of

115
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Figure 61. Active mat erial near the grid shows littl e
change from that at earli er stages of
cycling. Lead — antimony PbSb ~ 2 , 40 cycl es ,
2400X.-r
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- Figure 62. Active material near the grid; note the
appearance of the large agglomerates of
PbO ,. Lead—antimony PbSb#2 , 40 cycles ,

2350X .
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Figure 63 . Interface of grid -corrosion layer -

active material. The corrosion layer
- measures about 27 jim thick. Note lack
} I of liq u i d — l i k e  entrapment of activ e

material interface . Lead-antimony
- 

battery PbSb#2 , 50 cycles , l400X.
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Figure 64. The corrosion layer at the grid; note
the lack of the spiney needle — like
c rys ta l  obse rved  e a r l i e r . Lead-an t i  -
mony , PbSb# 2 , 50 cycles , l250X.
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Figure 65. Active material at the center of the
. pellet in the transition to the coral l oid

structure. Lead-antimony battery PbSb #2 ,
50 cycles , 240X.
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Figure 66. Surface of the coral l oi d structu re .
- Lead—antimony PbSb#2 , 50 cycles ,

2500X.
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coralloid structure near the center of the pellet can be

seen in Figure 68. This material was taken from a portion

of the plate semi — isolated from the battery terminal by

gr id failure. The small crystals seen partially covering

the coral l oid network (Fig. 69) are lead—su l fate ,which re-

mained unoxidized upon completion of the final charge due to

the failure of the grid. This residual lead — sulfate indi-

cates that this section of the plate was not rece iving

sufficient current to become completely charged.

A summary of results obtained from the tests of the

lead - antimony grid alloy batteries is as follows.

1 . The end of useful service life is signaled by

the formation of the coralloid network. This forma tion pro~
gresses as a normal evolution of the active material as it

is cont inuously cycled.

2. The current paths through the active material

could be a contributing factor to the formation of the

c o ra ll oid structure and the ultima te failure of the battery.

3. The developments observed during these tests are

consistent with those obs erved by Simon [Ref. 32] on the

p ossible mechanisms of formation of the coralloid , i.e.,

its possible connection with active mate ria .l isolation by

lead -sul fate passivation , and loss of active material by

structural breakdown of the coralloid that is formed.

4. The early presence of spiney needle - lik e crystals

w a s o b se rve d , but as cycling progresses and the appearance

of the co r al l oid structure beg an ,these crystals were no longer
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Figure 67. Small coral l oid near the g rid on a
lead - antimon y batte ry PbSb ~ 2, 60cycles , 2500X.
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Figure 68. Coral l oid structu re on the left side
of the grid failu re with some encap-
sulation of the co ralloid due to lack
of current paths to this material
causing undercha rge lead-antimon y
battery PbSb d2 , 60 cycles , 240X.
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_ Figure 69. Lead—sulfate partial enca psulation of
I - the coralloid system due to lack of

current density reaching this area on
- - charge. Lead-antimony battery Pb Sb~ 2,
I 60 cycles , 1200X.

t -*

I -

125 

5- -- - 
~~~~~~~~~~~~~ - -:~~~~i 

-



-— .
~~~~

_—,----- -_------_ 
—_ — - -  - — -- —5--- — - - ---_--- — - - - ---- _- - — - ——- ---_---- —5- -5— —5 —5-- 

- 

-

present. This suggests that these crystals have some effect

on the formation of the coralloid and ul timately the service

perf orniance of the battery .

2. Changes Observed in the L Calcium Type Batteries

The macroscopic appearance of a lead —calc ium grid

a l l o y  p o s i t i v e  p l a te  at zero cyc les  is shown in F igure  70.

The grid bar s of this type plate are the same thickness in

both dir ections and approximately twice the size of the lead —

antimony grids previousl y studied , so no failure of the grid

: 4 -  was  expec t ed , and upon e x a m i n a t i o n  of a p l a te  a f t e r  60 c y c l e s

no evidenc e of any grid failure could be found. The zero

cycle plate was relative ly flat , with the active material

even with the tops of the grid bars. Upon inspection of the

positiv e plate after a period of 60 cycles the active material

had expanded above the tops of the grid bars , showing that

some type of volumetric increase of the active material had

taken place. Observation of a crater — like surface gave

evidence that some shedding had occurred. When the plates
- - were removed from service and the cell disassembled , the

active material which had become dissociated from the positive

plate was found thoroughly imbedded within the gla ss fibers

of the retainer. Indications of this type of shedding was

also observed on the 50 cycle plate, but were not as readily

apparent on the plates with fewer cycles.

During the preparation of the zero cycle sampl es for

SE~-l examinat ion , by the separation method described earlier ,

it was noted that little bonding existed between the active

~ ~1
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material and the grid near the center of the grid bars.

The attachment occurred almost exclusively at the near -

surface points of the grid (Fig. 72). When the grid was

separa ted  from the a c t i v e  mater ia l  i ts  sur face  seemed c lea r

of active material at the center and it exhibited the

c h a r a c t e r i s t i c  s u r f a c e  usually associated with removal of

the grid from the mold upon casting (Fi gs. 73 , 74).

A ppar ently no corrosion of the grid had taken place during

the formation process. The light spots wh ich appear in an

irregular arrangement on this surface are thought to be

active material randomly bonded in individual agglomerates.

It has been shown that in some instances an extremely small

corrosion layer may exist after formation [Ref. 30]. In

this instance no corrosion l ayer existed. Both SEN observa-

- 
- tions (Fig. 75) and optical microscopic observations showed

this to be true (Fig. 76). The active material at zero

cycles had a uniform , closely packed , highly porous structure

(Fig. 77), providing a continuous medium for the conduction

of current through this material. Upon closer examination

of this material, it appeared to be made of agglomerates of

PbO 2o f va ri ous s i zes , that were spheroidal in shape , closely

packed in a tight formation favorable to electr olyte pene-

tration and current conduction (Fig. 78).

A radical change in the morphology of the interface

laye-r at the center of the grid bar had taken place during

the first 10 cycles of test. A layer of tig htly packed lead—

sulfate crystals was formed over the surface of the grid in
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Figure 70. Uncycled positive plate of a lead-
calcium grid alloy battery used in
the test batteries.
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grouping of spheroidal agg iomerate of
Pb0 2. Lead—calciu m , 0 cycles , 2400X.
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the area where  p r e v i o u s l y  the bare as c a s t  g r id  e x i s t e d

( F i g .  7 9 ) .  Upon fur ther  e x a m i n a t i o n  of th is l e a d - s u l f a t e

layer ,and on e x a m i n a t i o n  of s a m p l e s  of the a c t i v e  ma te r i a l ,

the lead — sulfate layer was found to exist throughout the

active material. The lead—sulfate crystals observed at the

gri d surface were not in the fully formed state , but rather ,

par tially transformed by charging (Fig. 81). This could be

interpreted as meaning that the plate did not receive com-

plete charge to fully transform the lead — sulfate created

during discharge; however this would be inconsistent with

the battery parameters at the completion of charge , which

are considered to prove that complete charge had occurred

in accordance with the previously stated procedures. There-

fore an alternate explanation was sought.

Tudor , Weisstuch , and Davang [17] reported that ,on

a shallow discharge routine , thick plate lead—calcium plates

maintained their capacity by allowing a reserve of active

material to be maintained in the interior of the plates.

This was attributed to the fact that penetration during

shallow discharge is not complete and much of the positive

active material at the center of the plate is not utilized.

As the active material sheds from the exterior of the plate ,

deeper penetration into the plate occurs , u ti l i z i n g  more and

more of this reserved active material until the thin plate

conditions were reached by the shedding of the active material

from the surface of the plates. A similar hypothesis is put

forth as a po ssible explanation of the existence of the sulfate

137
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layer and of the fact that this lead—calcium grid batte ry

showed credible service li fe on cycle servi -ce. The thick plate

cells operated on a deep cycle routine form an area of lead —

sulfate at the center of the plate which is not converted

to Pb0 2 on subsequent charges ,unti l the thickness of the

plat e is effectively reduced by shedding or formation of the

coralloid structure. Figure 80 gives a representation of this

action as it was observed during the cycling of PbCa~ l. The

facts that the lead - calcium battery gave the same service life

- 
- p erformance comparable to a similar size lead — antimony bat -

- - tery on a deep cycle test routine , and that as the number of

cycles increased the lead -s ulfate layer was observed to de-

crease in thickness, lend supportive evidence that this type

of reserve mechanism is taking place within the active

material of the plate.

The layer of lead-sulfate near the grid (Fig. 81)

S exhibited a much greater degree of transformation than that

at the center of the active material (Fig. 82), which appears

— 
as a highly compacted mass of sulfate crystals with little

evidence of transformation. At the certer of the converting

lead sulfate crystals found at the grid interface , the sur —

- 
- face of the grid , or a cor rosion layer on it , can be seen

- 
just below. In this region are seen an array of fine needle-

like structures discussed by N . Cayle [27] which are believed

to enhance the conduction of current. The active materia l

in the outer layers of the plate , shown in Figures 33 and 82,

seems to have taken on a more fuzzy - like texture believed to

I
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- Fi l J re 7 9 .  Lead-su lfate layer ’ attached to the
grid. Lead - calcium PbCA ~ l , 10

- cycles , l lOO X.
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Figure 31. Partially transformed lea d-s ulfate at
the grid surface. The spiney needle-
like crystals are in evidence around
those crystals. Lead—ca lcium PbCA ~ l ,

- . 5 10 cycles , 5500X.
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Figure 82. Lead -sulfate at the center of the¶ 1 ac ti ve mat erial closely packed to
form a solid hard center. Lead-
ca lc i um P b CA~ l , 10 cycles , 2450X.
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Figure 83. Active material of the outer layers of
the positive plate. Lead-calcium ,
PbCA#l , 10 cycles , 625X.
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be the result of its reduction and formation d u r i n g  the

cycling process.

After 20 cycles , the lead — sulfate layer still was found

to exist throughout a seemingly dense center layer within

the positive plate (Figs. 85, 86, 87). When a pellet of

this positive plate was broken open, the extent of this layer

was visible to the naked eye as a grayish layer between the

two rusty dark brown layers of active material. This layer

defied all photographic techniques attempted. The active

material in the outer layers of the plate also showed little

change over that observed at 10 cycles (Figs. 88, 89). Except

for a slight enlargement of the agglomerates of the Pb0 2
crystals making up the bulk of this material , it remained a

uniform porous layer of active material believed to be con-

ducive for good utilization and good performance. At the

grid — active material interface the partially converted lead -

sulfate crystals (Fi g. 90) were now covered by a greater

amount of the spiney needle - like crysta ls ,both between the

l ecd —su l fate crystals and over their face.

An important structural transformation took plac e

within the active material during the next period on the test

routine. There were two different structural changes , one

involving the lead —su lfate layer and the other taking place

in the outer layer of the Pb0 2. The lead-sulfate at the

center of the active material and that near the gr io showed

signs of increased conversion to Pb0 2 had taken place (Figs.

91 , 92). Within the center lay er of lead —s u lfate ,spaces were
- I’..
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Figure 85. Center layer of compacted lead - sulfate
crystals which was found in the thick
plate lead -c alcium battery . Lead-
calcium PbCA ~ l , 20 cycles , l300X.
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Fi gure 86. Center layer of lead-sulfate observed.
Note the appearance of partia ll y encap-
sulated Pb0 2. Lead-calcium PbCA =l) 20
cycles , 2750X.
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calcium PbCA ~ l , 20 cycles , l300X.
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Figure 90. Lead—sulfate crystals at the grid surface
covered by the needle - like crystals . Lead-

• calcium PbCA 4- 1 , 20 cycles , 5400X.

151



- —  -- --5---- 5- -— - - -- — - 5 ---- __ ~~~~~~~~ 5-5-55

.5- S- --.5 --d 
• • ~ 5- S

Figure 91. Lead - sulfate covering t-h e grid su ;’face.
- These  appea r  to have  been in a g r e a t e r

state of transformation as evidenced by
the spaces that exist between the
crystals. Lead — calcium PbCA ~ l , 40 cycles ,
l275X.
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Figure 92. Lead-sulfate la yer at the center of the
active material. Note the appearance
of the spaces between these crystals.
Lead —c alcium PbCA =l , 20 c y cles , 11 ~~3’(.
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observed to have formed between the lead —s ulfate crystals.

The i n t e r f ace  l e a d — s u l f a t e  a l s o  c ou ld  be seen to be trans-

formed to a g rea te r  degree , and lost some of its appearance

of a con t i nuous  smooth  layer . Upon e x a m i n a t i o n  of the

cross section of the active material,an observable decrease

in the t h i c k n e s s  of the s u l f a t e  layer  was  noted ,s u g g e s t i n g

that this reserve was now being used. The active material

in the outer layer of pla te (Fig. 93) had already begun to

take on the form of the coralloid structure described pre —

viously, and believed to be an indication that the end of ser-

vice of the active material is near. It appears that the

sane actions are at work in the active material to cause its

forma tion. The active material bonded to the grid has also

begun to take on a more ordered appearance (Fig. 94), showing

that the formation of the coralloid structure has already

begun in this area.

Further study of the area around the lead-sulfate

revealed a new structure not before seen near the base and

between the lead sulfate crystals (Fig. 95). This structure

proved to be extremely difficult to resolve cue to the ma g ni —

fications necessary . It appeared to be in the early stages

of development. No conj ecture was made as to the nature or

composition of this material or as to its action as it may

relate to the processes taking place within the batt ery , but

it is included here for consideration as a possibl e area of

futur e study. Figure 96 shows this structure as it existed

oetween the crystals of lead - sulfate at 60 cycles. This is
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Figure 93. Early development of the coral l oid near
the surface of the pla te in the activ e
material . Lead—calcium PbCA d l , 40 cycl es ,
240X.
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I form in this active mat erial. Lead—
calcium PbCA ~ l , 40 cycles , 2500X.
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Figure 96. Area between lead —s ulfate crystals near
the grid . The dentric crystals are seen
as increasing in number as cycling pro —
cee ds. Lead-calcium PbCA d l , 60 c y c l e s ,
l 2 5 0 0 X .
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obviously not the needle-like structure described by M.

Coyle [27].

The plate studied at 50 cycles on the test routine

showed that completion of the formation of the coralloid

structure had taken place in the outer layer of active

material (Figs. 97 , 98). This coralloid is now believed to

be in the form most conducive to shedding of the active material

and indicates that failure of the plate has already begun.

The cora ll oi d seen was nodular in appear an ce ,with the nodes

connected together by a somewhat thinner branch of the H,

structure. The size of these nodes , between 20-25 ~m ,

correlates favorably with the size of the sediments found

at the end of life [31]. A sig n i f i c a n t  change has also oc-

curred at the center of the active material (Fig. 99). The

lead —s ulfate had started its transition into active material,

and the lead —sul fate crystals that remain ed showed signs of

nearly complete transformation to Pb0 2. The lead -s ulfate

at the interface with the grid (Fig. 100) was seen to also

have experienced greater conversion to Pb0 2 ,and now exis t s

on a layer of active materia i believed to be firmly bonded

to the grid.

At 60 cycles the scenario was complete. The coral -

b i d  structure (Fig. 101) had formed throughout ~ost of the

outer layers of active materia l ,with the large voids created

by its formation accounting for the increase in the volume

S of the plates. The lead -sul fate layer no long er existed at

the center of the plate ,but had been completely t ran sf o rm ed

~; S i
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Figure 97. Cora l lo i d structure within the acti .ve
material near the grid interface.
Lea d—calciu m PbCAH , 50 cycles , 660X.
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material near the surface of the photo.

I Lead—calcium PbCA= l , 50 cycles , 260X .
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into Pb0 2 of a similar structure to that seen in the outer

layers of the active material at 20 cycl es ( F i g .  102). No

fully formed lead - sulfate crystals were seen to exist in

the 60 .cycle plate. X-ray diffraction showed that some lead -

sulfate was present in the activ e mater i a l ,but no evidence

of the large l ead — sulfate crystal observed at fewer cycles

could be found by microscopic examina tion. Some lead — sulfate

was still found to exist in a highly transformed state near

the grid , upon examination of the grid — active n ateria l inter-

face (Fig. 103).

A summary of the r esults from the investigation of

the cycled lead - calcium type thick plate battery are  as

follows .

1. The coral b o i d structure is confirmed to exist as

the end of the useful ser ’vfce life of the battery is

approached. The coralloid structure i s believed to be a

prime cause of active material sh edding and passivat i on of

large amounts of active material.

2. It was observed that this thick plate battery

seemed to store active material for future use as 1ea d - s uJ ~~ate

in a center layer of the active materi aL and that thi s stor~ ce

mechanism allowed this lead — calcium battery to be
5 
operated on

a deep cycle routine with service life comparable to a l ead —

antimony grid battery.

3. The microstructures of the positiv e plate are

r .  i ri portant to the proper op er a tio n of the battery and to its

cycle life.
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in a highly transformed state near the

- grid interface. Lead - calcium PbCA ~ l ,
60 cycles , 2l OO X .
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C. X-RA Y DIFFRACTION ANALYSIS

X— ray diffraction patterns were obtained on the active

mate r i a l  of s e l e c t e d  samp les  taken  f rom the c y c l e d  p l a t e s .

Pa t te rns  were  ob ta ined  for the l ead -an t imony  a c t i v e  m a t e r i a l

at zero and 60 cyc les , and for the l e a d - c a l c i u m  ba t te ry  at

zero , 40, and 60 cycles. An attempt was made to ascertain

the make up of the active material at these stages in cycle

l i f e .  The d i f f r a c t i o n  pa t te rns  were  recorded w i t h  Ni

fi ltered CuKa radiation at a goniometer speed of ~~50 2d/min.

The intensity of the strongest line in each pattern was taken

as 100. The patterns were run between 10° - 2d to 110° - 2d
S 

c o r respond ing  to a d s p a c i n g  down to .8 A .

The major diagnostic reflections used for identification

of 3 - l ead-dioxide , - i - l ead — dioxide , and lead sulfate are shown

in F igure 104 .

The zero cycle patterns for both battery types (Figs. 105 ,

106) indicated only the presence of tetragonal lead dioxide

( 8 - Pb0 2 ) as the ma jo r  c o n s t i t u e n t  of the a c t i v e  m a t e r i a l

before cycling. After cycling the presence of detectable

lead -s ulfate lines was noted in the patterns of the cycled

pla tes (Figs. 107 , 108 , 109). This result was not unexpected

in that Tudor , Weisstuch , and Davang [15 ,16 ,17] reported that

lead — sulfate existed within the positive plates in fully

charged state. No reflections were obtained indicating the

• p r e s e n c e  of -i-- lead d ioxide.

hs:.
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IV. CONC LUSIONS

The following conclusions have been reached as a direct

result of this investigation .

1. The c o r a l l o i d  a c t i v e  ma te r i a l  m i c r o s t r u c t u r e  has

been shown to develop in both the lead -antimony and lead —

calcium grid batteries as the end of useful service life is

approach ed. This structure is believed to be a definite -

prec edent to failure of the positive plate in a cycling

battery and a primary cause for increased shedding of the

active materia l as failu re is approach ed.

2. Cur ren t  pa ths  th rou gh the a c t i v e  m a t e r i a l  are  b e l i e v e d

to be a c o n t r i b u t i n g  f a c t o r  to the fo rma t ion  of the c o r a l lo i d  S

micr ostructure , along with the ideas put forth by Simon [Ref .

32] as to the formation processes of this microstructure.

3. Creditable service life can be obtained from a

calcium alloyed grid battery, comparable to that of an antimony

alloyed grid battery . The mechanism for this ability to

maintain capacity on a cycle routine is as foll ows . A reserve

of active material is stored as lead —su lfate at the center

of the positive plate during init i a l  cycling. This reserve

is n I t  ~ransformed by charging until the surface layer s of

activ e - r aterial are worn out or passivated and begin to shed .

k~.s this occ u rs the reserve is transformed into Pb0 2 and

enters the discharge -char ge reactions as new active ma terial ,

I
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m a i n t a i n i n g  the c a p a c i t y  of the ba t te ry . Only  as the r e s e r v e

is completely transformed does the battery show signs of de-

creasing capacity .

4. Two possible mechanisms for the coral l oid role in

capacity loss were deduced. First , it s appearance as a

nodu la r  ne twork  s u g g e s t s  tha t  these nodu les  are p r imary  c a n d i —

dates for shedd ing  as th is s t ruc tu re  is formed near the

surface of the plate. Additionally, there is mechanism of

passivation of the active material of this structure by the

formation of sulfate over its surface , thus encapsulating the

active material and isolating it from further reaction during

discharge.

5. The presence of a needle - like dentric crystal forma-

tion was noted in both the lead—calcium and lead-antimony type

batteries. This network disappeared in the lead -ant imony type

as failure of the plate approached , suggesting that this may

also be related to successful performance of the battery .

6. It is believed that the microstructures of the posi-

tive plate are of extreme importance to succes s fu l maintenance

of capacity of batterie s , and deserves further study of these

microstructures and their effects upon the performance of the

battery in service. -

176

- S . --  -- . -

--—— - 5  5-” - -55 - - 5  - - -—--55- - - S _~~ _



--5-55 - --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — - -5~~~~~~~~~~~~~~-5 .--~~~~~~_ -5- - -~~~~~~~~

V .  RECOMF I E N DATIONS

The results of this study represent an in i t i a l  step in

S 
the study of the lead—acid batter y system at the Naval Post—

graduate Scho ol. Utilizat ion of the scanning electron

microscope (SEM) as the primary analysis instrument has

again shown its usefulness as a research instrument. More

work is necessary in this field and the following are sug-

gested areas of possible future research:

1 . The coralloid structure appears to be a primary

candidate for failure of the active material of the positive

S plate . Further studies into the causes of its formation and

its composition are seen as areas of productive research.

This could lead to the elimination of this microstructure

and increased life of the battery .

2. The plates studied in this report were all observed

in the fully charged state. A study of the plate at differ -

ent charged states ,and even comp letely discharged states ,

would add significant knowledge to this area of research.

3. In order to gain a better understanding of the

effects of different discharge rates on the positive plate

morphology, it is recommended that plate microstructure be

examined at various rates of discharge.

4. The testing procedures used in this research evolved

over the course of the testing , and 3ome inconsistencies

associated with procedures and this technique development

17,
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are present in the results; it is highly recommended that

these st I~die s be repeated to confirm the validity of these

results and test procedures.

5. In the limited time available for a thesis research

project at the Naval Postgraduate School , new accelerated

testing procedures need to be developed so meaningful re—

sults can be obtained within this time frame , giving enough

time for a thorough analysis of the results of the tests.
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TABLE I

Maximum Impurity Leve l s in Water

Percent

Suspended  mat te r  t r a c e
total solids 0.01
c a l c i u m  and magnes ium o x i d e  0 . 0 0 4
i ron 0 .00005
copper  0 .00025
chlorine 0.0005
nickel 0.00002
organic and volatile matter 0.005
ammonia as NH 4 0.000IR

nitrites as NO 2 0.0005
nitrites as NO 3 0.001

TAB L E II

Max imum Impuri t y Levels in Sulfuric Acid

Percent Percent

Antimony .0001 Platinum none
Arsenic .0001 Selenium .002
Chlorine .001 Sulfurous
Nickel .0001 acid .004

Copper .005 Zinc .004
Iron .005 Ammonium .001
Manganese .00002 Fired
Nitrates .0005 residue .03

L - -
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TABLE I II

Temp Terminal

°F Volta ge (volts)

65 7. 275
66 7 . 2 6 6
67 7.257

68 7 . 2 4 8
69 7.239
70 7.230
71 7.221
72 7 ,212

73 7.209
74 7.194
75 7 .185
76 7 .176
77 7 .107
78 7 .158
79 7.149
80 7.140

S 
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A PPE N DIX A

CONTROLLED CURRENT DISCHARGE UNIT

1. C h r i s t i a n
Department of Mechanical Engineering

Naval Postgraduate School , Monterey, CA

This device is basically a voltage controlled current

genera t o r  des i gned  to p r o v i d e  a va r y i ng  l oad  to an e x t e r n a l

v o l t a g e  and cu r ren t  s o u r c e  such  as a ba t te ry . The p r i n c i p l e

is to p r o v i d e  a c o n s t a n t  v o l t a g e  a c r o s s  a known f i x e d  l o a d

resi stor (or load bank) thereby providing a fixed current.

The ex te rna l  sou rce  ( ba t t e r y ) is c o n n e c t e d  in s e r i e s

w i t h  the con t ro l  e lement  and load  r e s i s t o r .  The control

element will vary its resistance in order to keep the voltage

across the load constant . Since the current is the same in

all parts of a series circuit (Kirchoff ’ s Law) the current

will be controlled by the E/R relationship (Ohm ’ s Law).

The control element can control between 2.00 volts and

5.5 volts with better than .1% regulation and will respond in

l e s s  than l 5 m i c r o s e c o n d s  to dynamic  v a r i a t i o n s  in the sou rce

(battery). In view of this , load resistors (or load bank)

must be selected to insure the device is working within its

limitations.

In addition to control over the load a drop out feature

has been included in the design. A voltage comparator is

used to sense the source (battery ) voltage and compare it

to a preselected adjustable reference voltage . When the

k
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source voltage dro ps to 5 mill i v o l t s  below the reference volt-

age a relay opens and disables the control element. A LED

(light emitting diode) on the face of the device is inacti-

vated to advise the operator of the disabled condition of

the control element. The control element must be reset

manually to restart the cycle. It will not restart regard —

less of the voltage of the source until it has been manually

reset.

SPECIFI CAT IO NS :

Voltage: 2.00 to 5.5 Volts D.C.

Current: to 4.5 amps

Headroom: .6 to 19 Volts D.C.

Dynamic Response: 15 microseconds

Dropout Differential: less than 5 mi l l i v o l t s

*

Headroom is defined as the minimum differential in volts

between the source (battery ) and the controlled voltage

across the load.

For further information contact T. Christian at the

above address.

(This device was designed for use by Lieutenant Pokorny in

conducting experiments for his Master ’ s Degree Thesis titled:

Study of the Cyclic Performance of Submarine Type Lead-Acid

Storage Batteries by Examination of the Positive Pl ate

— Structures.
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AP PENDIX B

CYCLE HIST0~ Y J~ ~3 SB  ~ 1

D IS C HAR GE NUMBER 1D T SC h AR G E CUR~~NT 1.3~ DU RAT ION OF DI~~~ C H A 2GE  ). -) H~~.R~~CPDE0 C~ LL ~* 1
START OF DISCHAP GE 8CE2~ Y PA~~ A ETEQ S
TflTAL 2.A ’TERY VOL T AGE 6~ 643
!NJIV!CUAL CELL VOL AGE .S S°ECIFIC GP.~ V ! Y

CELL# 1 2.222 1.262
CELL~ 2 2.220 1.260
CELL~ 3O 2 .219 1.259

HE °- E C CR D E J  CELL CON~~~R I J L E D  ~~HE D~SC~ A~.GEEN~ JF  D I S C HA R G E  B A TTE R Y  ~~AP~~~M E E ~~~S

BATTERY CUT~ FF V~LTA GE ‘D.I~ ~~~c . CELL CIJ~~~~~ F~~ V 2 ’T A G E  0.)

CA PACITY ~F 8A~ TESY FOR THIS DI~ C~~~.GE O.~ ~~~~ C~~N7
TOTAL EAT~~ESY V LIA GE 5.845
INDIVIDUAL CELL VOLTAGES SPECIF!C c-~Av I Y

CELL~ 1 1.967 1.253
CELL~ 2 1.948 1,247
CELL~ 3 1.925 1.240

END OF CHARGE BA ~~EPS Y 3N ~~ 7 EN C I RCU !

CHAP GE NUMB ER 1
‘TT~~~L 2AT T E~~S Y  V O L TA G E  6.432

!NO IV I~ UA L CELL VOLTAG ES s?EC:F !C G°S AV ~~~T Y
CELL~ 1 2.21-c 1.262
C~ LL~ 2 2.211 1.26-3
C~ L L~ 3 2.2~32 1.270

DI SC}~lA~ GE NUMBER 2
D ISCHA ~~C-E CURRENT 1.0-) DU~~~~’)N OF D I S CHA R G E  3.~~~ 

H~~~.

R EC O RDED C E L L  ~ I S

- - S T - ~R OF D IS C HS A~~~GE  34 E -
~~SY P~~~A ”ErE~~s

Tr ~~~~~AL eATT ERY VOLTA GE 6.422
I NC IV ICU A L  CELL ‘/OL’8GE5 S~~~ECI~~~~IC G~~~A V I ’ Y

CELL~ 1 2.148 1.266
C E L L ~ 2 2 .14 7 1.268
CEL L~ 3 2.138 1.265

~ ‘-~E ~ECORDEC CELL CON ’ROL ED H E
END OF DISCHARGE B~TT~ RY PA~~~E~S
SA ~~~~~ EP? CJT ~~~FF V O L A E  0.) SEC. C~~~LL ~~U~~~~~~~~F V3L ’~~~ E ~~.CC4P~CFY OF BAT~ F~Y 

;js THIS D:SCHARGE ~~ ~~~~~~~~~~~~~TOTAL E~ TTERY V0L~ AG E 5.915
INC IV ICUA L CELL VCL AGE S - SPEC IFIC GPAV :TY

C E L L ~ 1 1.985 1,238
CELL~ 2 1.974 1.242
CELL~ 3 1.956 1.215

END O F CH4~~0-E SA EP-Y ON OPEN CI~ C~JI
~HAP G~ NUM 3ER 2
~~~‘A L B A TTE P Y V 3L ’~~A G E  6.404

I~ CIV ICU4L CELL VO LTAG ES SPECIF IC GpAv: Ty
S CELL~ 1 2.136 1.264

CELL ~~ 2 2.133 1.264
- - ‘ C ELL ~ 3 2.130 1.2~ 1

DISC~ A~ GE N~i~ 7E~ 3
~~~~ SC1~~A P G E CUR~~~EN ’  4.5) D’JP -~~~~ I2-N O F  D !S CHA ~~~GE  4.17 H~~~,
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~FCCROED CELL ~ 1
STA R T  OF D I S C H AF O E  SA E R R Y  PA R A ME T E RS
TOTAL BAT~EFv VOL TAGE 6.470
INDIVI DUAL CELL VOLTAG ES SPECIFIC GPAV !TY

CELL4 1 2.124 1~ 266CELL~ 2 2.127 1.265
CELL~ 3 2.119 1.266

THE RECORDED CELL CON T RO LED ~HE DISCHLRGE
END OF c-T SCHA RG E B A T T E R Y  P A 9 A ME 7E ~~SBATTERY CUTOFF VOLTAGE 4.50 ~EC. CELL CUT~ FF V~LT~G E 1.50
C~~AC ITY CF BAT’ E-~Y FOR THIS DI5CHA~ G~ 1)0.00 P C ~ -~~TOTAL BATTERY VOLTA GE 5.873
1NDIV ICUAL CELL VOLTAGES SPECIFIC G~AV !TY

CELL~ 1 1.975 1.230
CELL#20 1.963 1.233
CELL# 3 1.948 1.225

D !SCHA~ GE NUMBER 4
D I S C H A R G E  CUR ~~~ENT 4.50 CU ~S~~T I O~I OF DISC ~~~AR G~~ 0~~~3 H~~-~RFC ORD EC CELL ~ 1
START OF DISCHARG E BATE~~ Y O A T E~ S
TOTAL BATTESY VOL TAGE 6,449
:NcIvI cuAL CELL VOL TAGES SPEC IF IC GRAVITY

CELL~ 1 2.154 1.265
CELL~ 2 2.151 1.265
CELL~ 3 2.144 1.268

TH R E C O R D E D  C E L L  C O N T RO L E C  T H E  D I S C HA R G E

E N D  OF D IS C HA P -G E  BA TT ERY  DA ~~~SA~~~E T EPSBA TTERY CUTOFF VOLTAG E 0.0 ~-FC0 CELL CUT1F~ VOL T~GE 0.0
CA DA C ITY OF BATTEP.Y FOR HIS D IE CHAR G E 0.3 PERC~~ \IT

T OT A L  BATTER Y VOLTAGE 5.837
IN IJIV ICUA L CELL VOLT A GES S~ ECT~ IC G~-A V I TY

CELL~ 1 1.968 1.225
CELL~ 2 1.944 1.227
CELL# 3 1.925 1.220

E N D  OF C HA R G E  -3A TERY ON C PEN  C IRC U I~CHAR GE NUMBER 4
T~~~TA L BATTERY VOLTAGE 6.590
INCIV ICUA L CELL VOL TAGES SDEC I~~1C G~AV I~ YI :  C ELL~~ 1 2.200 1.263

CELL~ 2 2.195 1.265
CELL ~~ 3 2.195 1.263

D I S C H A R G E  NU~~B - E~ 5
D I S CH 4R G E  C UP - REN T  3q40 DUP~~T !ON OF D I 5 C H A ~ S G E  3 , 97  Hz..
RECOPDEO CELL ~ IS AR T C-~ DIECHA PSGE 8A’ERPY AMET
TOTAL EATTEP.Y VOL TAGE 6,453

S INCI V ICUA L CELL VOL TAGES S~ EC!FIC GRAVI TY
CELL~ 1 2.153 1.262
CELL~ 2 2.154 1.264
C L L ~ 3 2.146 1.262

T H~~ RE rOR DED CELL C DNTRO L~~~D T~~~ flT~~~~~~~~ 5~
~NC OF DI~~C 1~4 A ’ ~GE BAT T~~~Y PAR ~~~~~~~~~~~~~ 

-

~~TTERY CUTOFF -JOLTt. G~ 5.~ 0 R~C O C ~ L L CJ TO FF VCL -~~F 1.’SCA PACI TY UF 8ATTE~Y ~JR THIS DIE C~ ARG E 1u2,95 ~E~ CE”Tr- . TOTAL BATTE RY VCL A GE 5,895
T~~IC IVI CUA L CELL VOL A GE E SPE C IF IC GRAV~~ Y

CELL~ 1 1.965 1.220
L CE LL~ 2 1.942 1.227

-:ELL~ 30 1.930 0.213
‘4

( S .
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DISCHARGE N UM B E R  6
DISCHAR GE CU R R E N T  4.50 DU P 4 T I O -N OF D 1 S C H A~~GE 3,3 HR.
RE~~ RD~ C C~ LL ~ 1
ST\PT r1F DIS CHARGE ~AT ER PY P~~0A M ~~T E P S
TOTAL BATTER Y ‘/OLTAGE 6.768
IND IV IDUAL CELL VOLTAGES 3PFO!~ !C GRAV ITYCELL~ 1 2.261 1.268

CELL~ 2 2 .251 1.270
CELL~ 3 2 .25 6 1.262

TH E R ECORDED CELL C NT R~ LED HE DISC HA R GE
END OF DISC HARGE BATTERY ‘AR4METE ~ SB A T T E RY  CUTOFF V~ LT4G! 3.3 RECO CE’ L CUTOFF VOL A GE 3.0
CA PACITY OF BATTERY FOR THIS DISCr-1A RGE 0.-) PE~ CE~ T
TOTAL BATT ER Y VOLTA GE 6.’Ol
INDIV IDU AL CELL VOLTAGE! S~~ECIF IC GRA V I Y

CELL~ 1 2.068 1.219
CELL~ 2 2.071 1.222
CELLft 3 2.062 1.212

DISCHA RGE NIJ~ BER 7
CISCH4~~GE CU R R EN ’  2.33 DURA ’I-O N OF D i S C H A R G E  0.-) H’.
RFC ORC E C CELL ~ 1
START CF DISCHA RGE BAT ERSY °A RAM E ERS
TOTAL EA TTERY VOLTAG E 6.544
INDIVI DUA L CELL VOLTAG ES S °EC IFIC GRAV !TY

CELL~ 1 2.212 1.252
CELL~ 2 2.164 1.254
C3LL~ 3 2.168 1.252

THC ~CCO RDE fl C~ LL CONTROL D TH~ DTc~ HARG ~EN~ O~ DISCHA RGE BAT~ ER Y Q4RA~ ETER$ 
-

6~ TTERY CUTOFF V0LT4GE 0.-) SEC . C E L L  CUT~~FF V L T ~~GE 0.G
C A PA C I T Y  OF B A T T E R Y  F OR  T H I S  DISCHA RGE 0.3 PERCE NT
T OTA L EA T ~ E PY V O L T AG E 6.21~IND IVI DUA L CELL VOL TAG ES SPECIFIC GRAVITY

C E LL~ 1 2.061 1.224
CELL ~~ 2 2.069 1.214
C ELL~ 3 2.700 1.219

DISCHA RGE NUM BE R 8
OISCH~ cGE CJR~.ENT 3.40 DU RA I:N OF D IS CH .~RGE ~~.26
R E C O R D ED  C E L L  ~ 1
START CF DISCHA~GS ~A~ ER~ Y ~~ .A~ ETE~ STr~TA L BATTERY V C L AG E 6 .761
I~” O IV I CU A L  C E L L  V O L T 4G~~! S P E C I F I C  GR~~v:TvCELL~ 1. 2.280 1.264

CELL~ 2 2.26) 1.257
CELL~ 3 2.260 1.259

END OF D I S C HA R G E  BA ~~TE R Y  ~ A R A M E T E R S
B AT T E RY  C UT- OFF VOL~ 4GE 4oc0 R E C O  CELL CUT?~~~ v ’:-LT~ G F 1,80
CA 2A C I_ i v -OF BAT T EF~Y FOR ~HiS C i s c  GE I) 8.~~3 ~~~~~~~~~

C E ’ J

TOTAL BATT ER Y V OL TAGE 6.199
I~’CIV TD UA L CELL VOL~~GES S~ ECI F C GR~~V I~~~YC ELL~~ 1 2.069 1.216

ELL~ 2 2.064 1.213
CELL~ 3 2,361 1.21)

DIS CHA PGE NU’~BER 9
DTSCHA RGr C-JPR NT 3.40 DU~ 4~~~ N OF O’~~C~- iA~~G~ -S. -~7 ~~~~~~~

RF~~ 2Dcn •~ELL 4 1 -

ST~ 2T CF OISCHA~ G~ B A T E R R Y  PA~~A~~ET E S S
TC AL B A T T E R Y V1I_ TA GE 6.586
IN C IV I C I J A L  C E L L  V OL A G E S  S~~ EC! F~~C G~ ~ V I T Y

(

4
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C~LL -~ 1 2.193 1.273
CELL~ 2 2.196 1.262
CELL~ 3 2 .194 1,265

THE RECORDE D CELL CONTROLED HE D:ScHARG !
END OF DISCHARG E BATTERY °A RA ME TE FS
BATTERY CUTOFF VOLTA GE 4.60 -SEC. CELL CU7OF-~ VDLT~ GE 1.00CA~ AC ITY OF BATTER Y FOR THIS DISCHARGE 1)4.63 PERCEN
TOTAL BATT ERY VDLTAGE 6.214
IN IV IDUA L CELL VOLTAG ES SPECI FIC GRAV ITY

CELL~ 1 2.071 1.215
CELL~ 2 2.074 1.216
C E L L ~ 3 2 .064 1.209

DISCHARGE NUMBER 10
DISCHA RGE CURRENT 3.43 DURATI ON OF DISCHARG E 6.02 H~~.RECORDED CELL ~ I
START F DISCHARGE SATE~~Y P A R A ~-1 E T E R S
TO TAL BATT ERY VOL~ AGT ô.5ô 1
INDIV IDUAL CELL VCLT-~GES SPECi F IC G PA V ITY

CELL~ 1 2.183 1.269
CELL~ 2 2.188 1.266
CELL~ 3 2.185 1.265

E N D  ~ F DISCHARG E BA TTERY PA~~~AETESSBATTERY CUT-JF~ VOLT A GE 4,60 SEC . CELL CUTD~~F vOLTAGE 1.30
CA PA CITY ~F BATTERY F R  THIS DISCHA SGE 133.32 PERO E~~TOTAL BATTERY VOL TAGE 6.220
P~’DIVI JU4L CELL VOL TA GES S~ EC IFIC GRA V ITY

CELL~ 1 2.071 1.216
CEL L~ 2 2.078 1.222
CELL~ 3 2.065 1.213

D I S C H A R G E  N U M B E R  11
D I S C HA R G E  C U RR E N T  3.40 DURA TION OF D i S C H A R G E  5 .38 ~~~.
RECORDE D CELL ~ 1
START OF DI5CHA ~- GE SATES SY PA~~A M E E RS
OTAL BATTERY VOLTAGE 6.890

IND IVI DUAL CELL VOLTA GES SPECIFIC G~AV T7Y
CELL~ L0 2.319 1.271
CELL~ 20 2.287 1.271
CELL#40 2.204 1.258

END OF DI SCHARGE 3A T ~~SY PARA M ETERS
BA TTERY CUT-OFF VOLTA GE 4.60 SEC. CELL CJT:~~ \ f 1 ~~~- ~~ 1.91
C~~AC ITV OF BAT ERY ~~ P HIS Di SC— ~-.FG~ 87.72 ~~~~~ I
TCTAL BATTE RY VDL AGE 6,225
I-~oIviD ’JAL CELL VOLTAGE ! s?ECICIC c-~~~-i~~TY

CELL~ 1 2.076 1.22’+
S CELL~ 2 2.088 1.23-+

CE L L~ 4 2.061 1.2l~

• I DI!CHA PGE NUMBER 12
D I S C HA R G E  CUSRENT 2~ 8-3 D !JPATICI ’

~ O F  DI!CHA~~GE ~.-~33 ~~~.RFCOPD~~D C~~L’ ~ I
S7~ PT CF DISCHARGE 3A~~ER~~Y PAPA ~41ET~~~

— TOTA L BATTE RY VOLTAGE 6 .97 )
I~’DIVI DUAL CELL VOLTAGE ! S?ECI FIC G~ AV~TYCELL~ 1 2.343 1.27~)C~ LL~ 2 2,360 1.272

p C L L ~ -t 2.307 1.262

E N D  O F  D I S C H A P G F  BA ~~~~~~RY  P4~~ A M - E T E~~ S
~~~~~~~

- - s~ T E ~ Y CUTOFF V1LT~ -3E 4.63 ~EC O CELL CJ~D~~ V~’L~~- - ;F 1,95C A 2 A C I T Y  O F BATTERY F-J R THIS D ISCH A R GE 93.32 P E S ~~~E~~TT O TA L BATT ER Y V O L A G E 5 .223
IN D I V I D U A L  C E L L  V O L T A G E S  S P E C~~ F t C  G~~~~V ITY

- S
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C E L L ~ 1 2.071 1.224
CELL~ 2 2.083 1.229
CELLS 4 2.064 1.214

DISCHARGE NUMBER 13
DISC HARGE CURPENT 3,45 DUPAT7I~N 

r
~F D ’ S CH A R GE  5.13 HR ,

REC1RDED CEL L ~ I
START OF DISCHARGE B A T ER R Y  PAR AME FRS
TCTAL BATTERY VOL TAGE 6.558
INDIVIDUAL CELL VOLTA GES SPEC IFIC GRA V ITY

CELL *~ 1 2.1~ 7 1,266
CELL~ 2 2.203 1.276
CELL~ 4 2,141 1,27 0

END OF DISCHA RGE BATTERY QA RAYE TE R S
BATTERY CUTOFF VOLTA E 4.60 SEC. CELL CUT F~ VOL~~ GE 1.87
C A ~~ A C I T Y  OF 3AT~~ERy ~~~ 

THIS DISCHA RGE 90.~~9 PERCE~~TOTA L B A T T E R Y V O L T A G E  à ,2~+3
IN DIVI DUA L CELL VOLTAG ES S~~ECI F IC GR~~v~~~YCELL~ 1 2.080 1.224

CELL~ 2 2.~388 1.239
CELL~ 4 2.075 1.224

DISCHARG E NUMBER 14
DI SCHARGE CURRENT 3.40 JUPAT~~~N OF DISC HA RGE 5.22 ~~~~~~~

R E C O R D E D  C E L L  ~ 1
STA RT OF DISCHARGE PA T E R ~~Y ~ 4 RA’ I ETESS
TOTAL B A T T E R Y  V O L T A G E  6.992
INDIVIDU A L CELL VOL TA GES SPECIF IC G~ SAV ITY

CELL~ 1 2.352 1.255
C:LL~ 2 2.3-tO 1.267
CELL~ 4 2 .200 1.264

END OF DISCHA QGE B A T T E RY  ~~A R 4 M ETE SS
BATTERY CUTOFF VOLT A GE 4.50 SEC. CELL CU TF~ V L ~~ ’~E 1.55
CA ~~4CITY OF B A TTE R Y  FOR THIS Di SCHA ~ GE 93.)1 ~CE~~T OTA L  BA T T t RY  V O L TA G E  6.098
INDIVI DUAL CELL VOL ’~~GES 3PECI~~IC G R A V T T Y

C E LL~ I. 2.028 1.224
CE LL~ 2 2.020 1.229
CE LL~ 4 1.950 1.222

o:SC HASGE NU~’BES 15
OISCHA ~~CE CLSREN T 3.-t5 U~~A I 2 ~ OF DT~~CH~~~CE 5,:. -~R .
R E C O R D E D  CELL ~ 1
ST~~RT ~ F DISCHA °GE B A ERSY ~ A~~ET E~~S
T~~~AL BATTERY V O L TAG ~ 6,968
I ND I V I D U A L  C E L L  ‘/OL ~~~~G EC  SP~~ C I d C  G R A V I T Y

CELL~ 1 2.332 1.2t3
C~ LL* 2 2.~ 31 1.274
CELL~ 4 2.280 - 1.267

E N D  ~F D SCHA RGE 3AT~~~PY ~4RA~~~~ERS
~A T T d R Y  CUTOFF V flLTAG~ ~to 5 0 R~~C0 

- - 

~LL UT~~Fd \ / 1  T~ G~ 1. ~-3
CA ~~~CITY CF BATTER Y FOR H15 DISCHA PGE 93.63 PE~~~E’
TOTA L BA~ TESY VOL TAGE 6.235
INDIV IDUAL DELL VOLT A GES S°ECIF !C G~ AV IT Y

C ELL~~ 1 2.077 1.21~~C ELL ~~ 2 2 .038 1.239
CELL~ 4 2,070 1.224

L D i S C H A R C ~ NUMBE R 16
L - o~ S C H A P  CU R PEN ~.45 DUR4 1 ’N OF DI~ Cri~~RG~ 5~ l) - 45 ,

EC 0 R DE - rd L 
-

S T - A R T  CF O I S C H A P G E  F4 ’ E R°Y  P A P A V E E O S

188
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TOTAL BATTERY VOLTA GE 6.705
INDIVIDUAL CELL VOLTA GES SPECIFIC GRAV ITY

CELL~ 1 2.248 1.264
CELL~ 2 2.248 1.274
CELL~ 4 2.206 1.261

T HE RECORDED CELL CJ NT SJL E D H~ D I S C HA R G E
END OF D I S C H A R G E  B A T T E R Y  P A RA M E E~~S
3A~TERY CUTOFF VOLTAG E 4.98 SEC. CELL OU~~~~ F V C L~~~GE 1.15
C A P A C I T Y  OF ~4 T T E~ Y ~~R ~H!S DIS CHAR GE 89,54 PERCSN
TOT AL BAT TERY VOL TAGE 6.242
INDIVIDU A L CELL VOL TAG ES SPEC IFIC GSAV ITY

CELL~ 1 2.031 1.224
CELL # 2 2.092 1.234
CELL~ 4 2.069 1.217

DT!CHA~ GE NUMBER 17
-DISCHA RGE C1JRREN 1000 DURA T ICN O~ DISCHARGE 3.0 HR ,
RECCRDED CELL ~ 1
S R T  O~ D I S C H A P G E  B A T E F R Y  ~ A P A A E T E R S
TOTAL BATTERY VOLTAGE 6.739
IN DIV IDUAL CELL VO LTAGES SPEC I  F IC G~~A V I Y

CELL~ 1 2.231 1,263
CELL~ 2 2.229 1.273
CELL~ 4 2.264 1.259

T HE R E C O R D E D  C E L L  CO N T S -O L E D  ThE D I S C HA ~~G~
N D  fl F DT ~~r H A pG c  B AT T E R Y  ~~~~~~~~~~~~

3A T T ER Y  CU~~’FF VOLTAG E 0.3 R~~C0 CELL CU DF F ‘ / L A - GE 0.0
C A 2 A C I T Y  1J~ BATTE P Y FO R. THIS D I S C HA R G E  0.-D PE~~C E~~~
T OT~~L B A T T E R Y  V~~L A G E  6 . 33 0
IND IV IDUAL CELL VOL TAGES S°ECI FIC GRA V TY

CELL~ 1 2.600 1.226
C E LL ~ 2 2 .025  1.239
L~ LL# 4 1.945 1.224

DISC H -AR G E NUM BER 18
DISCHA RGE Cu2REN T 2.80 DU~~ TiJN OF 3!SCHA~ GE 6.92 ~~~.
R E C O R D E D  C E L L  ~ 1
ST ART OF DISCHA RGE 8ATE~~RY PAR I~~~~~~~~~~~~

T~~~ML B ATT ERY V L A G E  •533
r~’O IV IO UA L CELL /JL~~ GE3 EC~~ IC GR.~v: r Y

CELL4 i 2.190 1,267
CELL~ 2 2.230 1.276
C E LL~ -t 2.130 1,266

EN D  C~ D I S C H A ~~GF BA~~~ ERY ~~~~A E F ~ S
EA T~~ER Y CuTOFF V L T ~~SGF 4 ,85 SE -C 3 CELL CJ TO d F V L ~~ G E 1.~ 3
CA ~~A C I~~Y - F  BAT ~~F~~Y ~ -~ R ~~~IS D I S C H ~~RGS S4 .96  P ES C~~~T
T O AL BATT EP. Y V O L T A G E  6 .242
!i~CIV IDUA L CELL VOL TAGES SPECIFIC G~~A V ! Y

C~LL~ 1 2.080 1.223
C~ LL~ 2 2.089 1.2~~CELL * 4 2.073 l.2~3

D I S C H A R G E  NUMBE R 19
D I S C H A R G E  CURRENT 2.80 DURA ION -OF C I ! C HA S~ GE 7,13 ~~,- I RECORDE D CELL ~ 1

S S TA RT ‘OF DI S CHA R GE 3A ER~ Y DAP A ’ ~E~ ER$
• TOTA L BAT~ ERY VO LTAGE 6,67~i~’DI V ICU A L CELL VOLTAGES 3~~EC IF IC GRAVI TY

CE LL~ 1 2.236 1.268
CELL~ 2 2.242 1.275
C E L L ~ ‘- 2.194 1.272

*
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E~~D iF D I S C H A R G E  B4 T T E PY  ~ A R A M E~~~ RS
8ATT~ SY CUTOFF V O L T A G d  4 . 7 5  S EC .  C E L L  C U T O F F  V D~~~~~ E 10 94
CA °AC ITY OF BATTERY F’O~ ThIS DISCHA RGE 97.94 OE~~t~~~~TOTAL BATTER Y VOLTAGE 6.139
IN D I V I D U A L  C E L L  V~~L~~A G E S  S P E C I F I C  G R A V I T Y

CELL S 1 2.050 1,224
CELL# 2 2.049 1.232
CELL ~ 4 2.031 1.224

DISCHARGE NUMBE R. 20
DI SCHARGE CURREN T 2.8) DURA TION OF DISCH A RGE 7.28 ~~~.RECORDED CELL ~ ISTA RT CF DI S CHA RG E BA~ ER.PY PA R A A E EPS
TOTA L BATTERY V O LTA GE 6 .939
INDIVIDUAL CELL VOLTAGES SPEC IFIC GRAVITY

C E L L ~ 1 2 .327  1.265
CELL~ 2 2.317 1.267
CELL~ 4 2.295 1.267

E~~D OF DISC HARGE BATTERY 7A P ~~~E - E~ S
BATTERY CUTO FF VOLT A GE 4,55 SEC~ CELL CtJTTF F V O G ~ 1,9-0
CA~~AC ITY OF BATTERY FOP THIS DISCH A RGE ICD.00 PERCENT
TOTAL BU TTER Y V O L T A G E  6.255
IN JIVIC UA L CELL VOL TA GE S S°ECIF !C G~ AV tT Y

CELL~ 1 2.085 1.216
CELL 4 2 2.090 1.223
CE LL~ 4 2.380 1.225

D I S C H A R G E  NUMBER 21
DISCHARGE CURRE N~ 3~~45 DUFAT !ON OF OSSC~~A RGE 4.75 ~S.REC OR DED CELL ~ 1
ST~~PT O~ DISC HARGE BATE RRY P~ PAN ETESSTrT-AL B4TTE~~Y VOLT 4GE 7.220
IN D I V I D U A L  CELL  V O L T A G E S  S 7 E C I F I C  G R A V I T Y

C ELL~ 1 2.440 1.261
CELL 4 5 2.380 1.257
CELL~ 4 2.400 1.267

END OF D ISCH A RGE 3A~~~ERY ~A S~~~ T E~’S
B A T E PY  CUT~~ F VOL A~~ -+ .32 RdC . CCLL C JTJdF ~~~~~~~ 1.~~+
CAPACITY O~ BATTERY F0R ThIS DiSCH A RGE 83.39 ?E~ C~~~TOTAL BATTERY V O L T A G E  5,108
I NDIV IDUAL  CELL VCL~~~G ES S~~ E C !F I C  G R A V ~~TY

CELL~ 1 2.067 1.235
CE LL~ 5 1.997 1,215
_ C L L ~ -t 2 ,34j 1.229

D ’ S C H A P C E  NUMBER 22
D I S C H A R G E  CURREN T 3.~~O DUCAT ION OF D SC HARGE 5•~~

-’ ~~~~
• ~EC SDED CELL ~ 1
• STA RT LF D ISCH~~7GE 3A TE R SY  ~~A2 SA Y E T E R S

TOTA L BA TTERY VCL A GE 6.633
INDI VIDU A L CELL V :L?AGES S P ECI~~IO GRA VITY

CELL~ 1 2.382 1.271
CELL~ 5 2.254 1 .255
C ELL~ 2 .330 1.265

E-~’JC -OF C I S C H A F G E  B A T T E R Y  P A r ~~ T 5~~S
3A ~~~~~~~~~~ QS Y  CU~~~~F 10L

~~~~ 4,-~j SC. .L L  CI JT dF V~ L~~~G~ i,;~
~~~~~~C ! T Y  OF B4T E~~Y F~~5 ~ H i S  D i S C H A R G E  9~~.)5 PE~~~~~NT
T O T A L ~SA TTCRY VPL~~~~ ~~~~~IN O IV I UAL CELL vO LTA GE S 

- - 

SPECI FIC G~~ V I T Y
CELL~ 1 2.094 1.234

L CE L L ~ 5 2.063 1~~224CELL~ ~ 2.031 ~..2254 ~~

* ~
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DICCHA PGE NUMBER 23
D~~SC HAR GE CURR ENT 3.4) DURSA ION F DiS CHA ’~GE 4.9’) ~R.RECO R DED CELL ~ 5
START OF DISCHA RGE 2A~~ERSY P A ’ ~~~~~STO T AL BA T T ER Y VOL T AGE 6 .522
I~’ D IV ID UA L CELL V O L T A G E S  S P E C I F I C  G R A V I T Y

C E L L ~ 1 2.213 1.265
CELL~ 5 2.140 1.263
CELL~ 4 2.170 1.265

TH~ R E C O R D ~~ C~~LL CDN R.O Ld D THd C SCH .ARGd
END OF CI~~CHA RG~ BATT ~~RY O A M ~ T~~S~B A T T E R Y  CUTOFF V L T A G E  ~ .90 S EC . CELL C U T O F F  V O L~~~GE 1 . 1~~~CA~ 4CITY OF BATTER Y FOR THIS DISCHAR GE 84.56 PF~ OE”iT
TOTAL BATTERY VOLTAG E 6.234
INDIV IC IJAL CELL vOL~ A- ;ES SPECIFIC G R A V I T Y

CELL~ 1 2.089 1.219
C E LL - ~ 5 2.069 1.223
CELL~ 4 2.1)73 1.225

O I S C HA P G E  N U M 3E~ 24
D I S C H A R G E  C IJR PEN~ 2 .8 9  D U PA T I O N  OF D I S C H A R G E  5 ,57 HR,
RECORDE D CELL ~ 5
STA RT ~DF D I S C H A R G E  3 &T E R R Y  PA ~~A M E T E R ~
TOTAL EAT TdR Y V O L TA G
iN D IV IDU A L CELL VOL TA GES SP:c:FIO G~ AV I Y

CE LL~ 1 2 .225 1.267
OE LL~ 5 2 .185 1.262
CELL~ 4 2.1’~3 1.262

THE RECC~ DSJ CELL CON IROLED ThE D I S C HA R G E
END OF GISC HA PGE B A T T E R Y  DA ~~SA M E TER S3A~~ E~Y CU~~ F~ Vt1L -A G~ 5 o 3 3  ~-~~C0 C F L L  CUT~~~~ V ’~L A G ~ 1,25
CA PA C .TY ~~ BAT E~Y FOR H~ S DI C H A R G E  ~~ .20 ~ ER~~~’T O T A L B~TTERY VOL~~GE 6.272
IN DIVI DUA L CELL ‘/OL TA ES SPECIFIC GRA V ITY

C E LL~ 1 2.098 1.246
C E L L 4  5 2 .1)85 1.225
CELL~ 4 2.089 1.231

- D I S C H A R G E NUt-~3~~~S 25o:~~-:~~A~ GE CU RR.EN~ 2.30 DURA T ION O~ ~T S H ~~~GE a.~~ ) ~~~.R E CO~~D E C  C EL L ~ 5
ST~~~T 

r-~ D I C HA PG E ~ ,E S ~~Y 
p~~p 4 M C 7 Z 2 F

TOTA L 3ATTER Y VOLTA .E 63574
i N D I V I D UA L  CELL  V O L T A G E S  S~~ECI ~IC G V ~~~Y

CELL~ 1 2 .219 1,284_ - L L ~ 5 2.167 1.2~0
S 

C E LL~ 4 2.1-9 7 I.2 5<
~

ThE RECO RDED CELL CON TROLED ThE D!SCHA~~G~END OF DI SCHAR GE 3ATTESY ~~~ A E ~ SB-~TTERY CUTO~~ VO LTAGF 4.75 ~~C. CELL ~U~~~~F VrL~~~D~ 1~~~
)

C A P A C rY  OF BA T ERY F-O R T HIS C i S C H A ~~G E 91.99 P E R O E - ’T~~ A L BAT TER Y VOLTAGE 6024-)
AN C ~ V ICUA L C E L L  vO L TA GES SPECI FIC G~ 4VI~~YCE LL~ 1 2.~~89 1.238

CE LL~~ 5 2.)75 1.225
CELL~ 4 2.376 1.225

OI~~C H A F G E NUMB~~R ‘6
~~ J~~ CHA R G E CUR RE -~

7 2.8) DUSA I~~ 
O d  

~IS C—A R c .E 6377 ~~~.

~~~~~DEC CFLL ~ 1 
- -

ST -~~ T CF 0 t C C H A ~~~~ B L T E~~~ Y P A S & Y E  R~T~~~~AL BAT ERY VGL AG F ~ 3 6 9 8

1~~1

— .  O~~_. _~~  - — -  —— -~~~ . _



764 NAVAL POSYSRADUATE SCHOOl. MONtEREY CALIF F/S 10/3
STUDY Off let CYCLIC PERFORMANCE Off SUSMARINE TYPE LEAD—ACID 570—ETC (U)
SEP 76 .1 1. POKORNY

IJICLASSIFIED
3 0F3
AD

I
4

I~l



•1.0 ~~~ ~~
_ _ _  ~ p 2.2

I L I  ~~~~
. IIlO~

1110 ‘ ~ IIllI~ IOII~
MICROCOPY RESOLUTION T EST CH~~ T

E~A 1IONAL BUREAU OF SIAND ARDS 19F~



—

INO IV ICUA L CELL VOLT A G ES SP EC IF IC G RA V IT Y
CELLS 1 2.272 1.264
CELL~ 5 2.203 1.262
CELL~ 4 2.221 1.259

END OF DISCHARG E BAT TERY P A R A M ET E R S
BATTERY CUTOF F V C LT~~GE 4.75 SEC. CELL CUT O FF V O LT A G E 1.87
C A P A C I T Y  OF BATTER Y FOR THIS DISCH A RGE 92.90 PERCEN’
TOTAL eA TT ERY VOLTAGE 6. 247
INDIVIDUAL CELL VOL TAG ES 5PECI~~IC G RAVITY

CELL~ 1 2.088 1.239
CELL~ 5 2.778 1.229
CCLL~ 4 2.079 1.224

I
DISCHA PGE NUMBER 27
DISCHARGE CUQREN 2.80 DURAT ION OF DTS C H~~RGE 6 .93 HR.
~ECOR D~~D CELL ~ 1
STA P T CF DISCHARGE BAT ERRY PA RA M ETE RS
TOTAL BATT ERY V O LTAGE 6~ 603
INDIVI DUAL CELL VOLTAGES SP EC I F IC  G R A V I T Y

CELL# 1 2.220 1.259
C ELL# 5 2.187 1.262
CELL~ 4 2.193 1.262

END OF D ISCHARGE BATTE RY PARA M ET ERS
SA T T ER~ CUT: FF VOLTAGE 4.78 SEC. CELL r,UT~~FF V CL T~ GE 1.85
CA PACITY  CF BATT ERY FOR THIS OI SCH A RGE 93.32 P~~~C~~NT
T OTAL BATT ER Y VOL TA GE 6.243
INCIV IC UAL CELL VOL T AG ES SPECI~~IC GRAV ITY

CELL~ 1 2.087 1.239
CEL L# 5 2.076 1.224
CELL~ 4 2.077 1.22b

DISC HAPG E NUMBER 28
DI SCHARGE CJP~~EN~ 3043 DURATION DF D !5C-IA RGE 5.17 HR.
~ECO RDEC CELL ~ 1
STAR T CF DISCHARGE B4?E~~RY P~ R~~ME~~~RS
TOTAL BAT T ERY V OLTA G E 6.614 

-

NDIV ICUAL CELL V O L T A G E S  S P E C I F I C  G RA V IT Y
CELL~ 1 2.220 1.266
CELL~ 5 2.187 1.259
CELL~ 4 2.206 1.262

END OF DISCHARGE BA T E RY P AMF T E R~3ATT EP.Y CUTGF C V~ LTAGE 4.80 R~ C0 CELL CUTJF C V C LT~ GE 1.84
C A P A C I T Y  Q~ BATT ERY FO R TH IS DISCHA RGE 89.15 ~E~ CF~~rTO 7A L B4TT E~~Y VJ L A GE 6.247
INDIVI DUAL CELL V O L T A G E S  S P E C I F I C  G RA V I T Y

CELL~ 1 2.078 1.232
CELL~ 5 2.080 1.224
CELL~ 4 2.081 1.224

.J~. S C HA P c - E NuMBER 29
DISC HARGE CURREN~ 3.40 DUPA T IO N CF O~ SC H~~RG E 5.25 HR.
RE~~OR DE C CELL ~ 1 -

S~~4RT CF DISCHARGE BAT E R SY DA R A M E T E R S
T OTAL 5 A~ T ERY V O LT AG E 6.490
INCIV tCU ~ L CELL VOLTAGES SP ECIF IC  G R A V I T Y

CELL~ 1. 2.184 1.270
CELL~ 5 2.149 1.268
C ELLS 4 2.155 1.273

Lr ENC CF D IS C HAR GE 84T~~ERY PA RAME T E PS
3A TT~~R’Y CUTOF F V~ LT A G E  4.61 SEC. CELL CU’flF~ V C L~~AGF 1.85
C4 P~ CI~~V CF BAT T E RY FO R THIS D ISCHA R GE 50.60 PERC~~NT
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TOTAL BATT ER Y VCL~ AGE 6.252
INDIVIDUAL CELL VOLTAGES SPECIFIC GQAVI Y

CELL~ 1 2.088 1.237
CELL# 5 2.081 1.222
CELL~ 4 2.083 1.225

DISCHARGE NUMBED 33
D!SCHA RGE CURRENT 3.40 DURAT ION OF DISCHARGE 5.29 HR.
RECORDE D CELL ~ 1
START OF DISCHARGE BATERRY PARAME TERS
TOTAL BATT ER Y VOLTAGE 6.566
INDIVIDUAL CELL VOLTAGEF SPECIFIC GRAVITY

• CELL# 1 2.178 1.270
CELL~ 5 2.193 1.266
CELL~ 4 2.187 1.269

END OF DISCHARGE BATT ERY PA RAME~~ESS
BATTERY CUTOFF VOLTAGE 4.63 SEC. CELL CU7~~FF VOLTAGE 1.85CAPACITY OF BATTERY FOR THIS DISCHARGE 91.17 PERCENT
TOTAL BATTER Y VOLTAGE 5.974
IND IVIDUAL CELL VOLTAGES SPECIFIC GRAV ITY

• C!LL# 1 1.999 1.240
CELL~ 5 1.984 1.238
CELL~ 4 1.985 1.233

DISCHA RGE NUMBER 33
DISCHARGE CURRENT 3.4~ DURATIO N OF D SC HAR G E 5.37 HR.
~ECORDE C CELL ~ 1
START OF DISCHARGE BA~~ERRY PARAME TERS
TOTAL BATTERY VOL TAGE 6 .638
INDIVIDUAL CELL VOL T AGES SPECIF IC  G RAV ITY

CELL# 1. 2.221 1.272
CELL~ 5 2.207 1.269
CELL# 4 2.206 1.271

END OF DISCHARGE BATTERY DARAME TERS
BATTERY CUTOFF VOLTAG E 4.60 SEC. CELL CIJTO~~ F VCL T~ GE 1.84C A P A C I T Y  OF BATTER Y FOR THIS D I SCHA R GE 92.60 PE~ C~~NT
TO TAL BATTERY VOLTAGE 6.409
1NCIV!CUAL CELL VOL T A GES SPECI F IC  G RAVITY

CEL L~ 1 2.138 1.225
CELL~ 5 2.135 1.225
CELL~ 4 2.136 1.220

DISCHARGE NUMBER 32
• DISCHARGE CU RRENT 1.3) OURATI~~N OF D I S C H ~ RGE 3.3 HR.

RECORDED CEL L ~ 1
ST~ P.T OF DISCHA DGE SATESRY PAP~~M E E R S
TOTAL B4TTE~ Y VOLTAGE 6.467

I ~ INDIVIDUAL CELL VOLTAGES SPECI FIC GRAVITY
CELL~ 1 2.162 1.267
CELL~ 5 2.147 1.264
CELL~ 4 2.155 1.266

THE RECORDED CCLL Cr~rROLED TH~ D~ SCHARG F
END CF DISCHARGE BATTERY PASAM~ TERS 

-

BATTERY CUTOFF VOLTAGE 0.0 SEC. CELL CUTJ F~ VOL TAGE 3.0
.[ ~ C A P A C I ~~Y OF BATTERY FO P THIS D !cCHARGE 0.0 PE~ CE~’TTOTAL BATTE RY VOLTAGE 6.120

INCIV !OUAL CELL VOVAGES SPECIFIC GRAv ITY
CELL~ 1 2.053 1.227
CELL~ 5 2.031 1.228
CELL$ 4 2.036 1.233

DI SCH AR GE NUMBER 33
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DISCHARGE CURRENT 2.20 DUR ATION OF OISCHARGE1O .12 HR.
• RECOROEC CELL ~ S

START CF DISCHARGE BATERRY PARA METERS
TOTAL BATTERY VOLTAGE 6.625
INOIV!CUAL ELL VOLTAGES SPECIFIC GRAvITY

CELL ~ 1 2.213. 1.271
CELL~ 5 2.201 1.266
CELL# 4 2.211 1.267

THE RECORDED CELL CONTRJLED THE DISCHARGE
END OF DISCHARGE SAT~~!SY P RAMETESS
BATTERY CUTOFF VflLTAG~ 4.70 SEC. CELL CUTOFF VOLTA GE 1.40
CAPACITY OF BAT ERY FOR THIS DISCHARGE 134.57 PERCENT
TOTAL BATTER Y VCLTAGE 6.191
INDIVIDUAL CELL VOL TAGES SP!CI~~IC GRAVFYCELL~ 1 2.066 1.216

CELL ~ 5 2.061 1.213
CELL~ 4 2.058 1.218

DISCHARGE NUMBER 34
DISCHARGE CURREN 2.80 DURATION CF D SCHA QGE 7.38 HR.
RECORDED CELL 4 1
START CF DISCHARGE BAT ERRY PARAM ETERS
TOTAL BAT~ EPY VOL TAGE 6.523
INDIV ICUAL CELL VOLTAGES SPECIFIC GRAVITY

C ELL4 1 2.163 1.265
CELL ~ 5 2.177 1.263
CELL 4 4 2.188 1.265

END OF DISCHA RGE BAT TERY PARAME ESS
BA TTERY CUTOFF VOLTAGE 5.10 SEC, CELL CUT OFF V O LT AGE 1.8~7CAPACITY OF BAT~~ESY FOR THIS DISCH AR GE 97.25 PERCE’~~TrIAL BATTERY VOLTAGE 6.224• INDIVIDUAL CELL VCVAGES SPECI FIC GR AV ITY

CELL# 1 2.374 1.225
• CELL ~ 5 2.067 1.215
• CELL# 4 2.082 1.205

• D ISCH A RGE NUMBER 35
DIS CHARGE CURSEN~ 3.45 DURATION OF DISCHA RGE 5 .7 7  H~~.RECO RDED CELL 4 1.
START OF DISCHARG E BAT ERRY PARA METERS
TOTAL BATT ER Y V 3 LTAO~ 6.737
INDIVIDUAL CELL VOLTAGES SPEC I F IC  G PA V TY

CELL4 1 2.178 1.269
CELL4 5 2.227 1.267
CELL4 4 2.332 1.264

END OF DISCHARGE BATTERY ?A RAM E ESS
BATTERY CUTO FF VOLTAGE 4.49 REC, CELL CUTIFF VOLTAGE 1.~~0CA DAC ITY OF BATTERY FOR THIS DISCHARGE 101.23 PERCENTTO eAL BATT ERY VOLTAGE 5.935
INDIVIDUAL CELL VOL AGES SPECIFIC GsAv: v

CEL L4 1 1.~~Th 1.222
CELL4 5 1.963 1.213
CELL ~ 4 1.555 1.208

:1 DISCHARGE NUMBER 36
DISCHARGE CU RRENT 4.53 DURATION OF D!SCHARGE 3e~~5 HP ,
RECORDED CELL ~ 1

• 
~~~~~~~~~ STAR T OF D!SCHASGE BATERPY PARAMETERS

TOTAL BATTERY VOLTAGE 6,650
INDIVI DUAL CELL VOLTAGES SPECIFIC GRAVI TY

CELL 4 1 2.219 1.269
CELL~ 5 2.216 1,268
C ELLM 4 2.215 1.265

1 1
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END OF DISCHARGE BATTERY PA~~AM ETEqSBATTERY CUTOFF VOLTAGE 4.69 SEC. CELL CUTOFF VOL AGE 1.81
CAPACITY OF BATTERY FOR THIS DISCHARGE 94.82 PEFCEN
TOTAL BATT ER Y VOLTAGE 5.949
INC!VICUAL CELL VOL TAGES SPECIFIC GRAVITY

• CELL4 1 2.017 1.236
CELL4 5 1.995 1.235
CELL# 4 1.947 1.220

DISCHARGE NUMBER 37
DISCHARGE CURRENT 3,40 DURATION CF DISCHARGE 5.43 HR.• RECORDED CELL 4 1
ST ART OF DISCHARGE BATERSY PAR AM ETERS
TOTAL BATTERY VOLTAGE 6. 521
INcIvIcUAL CELL VOL TAGES SPECIFIC GRAVITY

• CELL# A 2.176 1.269
• CELL# 5 2.172 1.258

• CELL# 4 2.170 1,267

E~~D CF DISCHARGE BATTERY PARAMETERS
BATTERY CUTO FF VOLTAGE 4.40 REC. CELL CUTOFF V0LTAGE 1.67

• CA~~AC ITV OF BATTERY FOR THIS DISCH4SG~ 93.76 PERC~~JT
• TOTAL BATTER Y VOL TAGE 6.247

• INDIVIDUAL CELL VOL~ AGES SPECIFIC GRAVITY
CELL# 1 2.084 1.221
CELL* 5 2.079 1,215
CELL# 4 2.076 1.213

D!SCHAFGE NUMBER 38
DISCHA°GE CURR ENT 2.30 DURATION OF DISCHARGE 0.0 H~~.RE CRDEC CELL 4 1• ST A RT OF DISCHA RGE BA TE ~~RY PARA M ETERS
TOTAL BATTER Y VOLTAGE 6.49’?
INDIVI DUAL CELL VOL AGES SPECIFIC GRAV !TY

CELL# 1 2.167 1.269
CELLM 5 2.164 1.265
CELL# 4 2.163 1.269

• HE RECCRDED CELL CONTROLSO THE DISCHA RGF
END OF DISCHARGE BATTERY DARAM ETERS
BATTERY CUTPFF VOL TAGE 0.0 SEC. CELL CUT~~FF VOLTAG E 0.0
CA PACI TY OF BATT ER Y F R  THIS DISCHARGE 0.3 D!RCF~1TTrIAL BATTER Y VOLTAGE 6.357
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV ITY• CELL 4 1 2.122 1.225

CELL 4 5 2.17’ 1,217
CELL4 4 2.118 1,217

DISCHARGE NUMBER 39
DiSCH A RGE CURRENT 3,40 DURATION OF DtSC HAR G E 5,33 HR ,
RECORDED CELL 4 1
START CF DISCHARGE BA ERSY DA RAM ETER S
TOTAL BA TTERY VOLTAGE 6.796
INDIVI DUAL CELL VOL TAGES SPECIFIC GRAVITY

~ :1 CELL4 1. 2.280 1.271
CELL 4 5 2.267 1.269
CELL Ø 4 2.265 1.268

THE RECO RDE D CELL CDN RJLED TH~ DISCHARGE
END O F DISCHAR GE BATTERY PARAMETERS

L • SAT ERY CUTOFF VOLTAGE 4,45 REC. CELL CUT’FF VOLTA GE 1.03
CA PACITY OF BATTERY FOR THIS DISCHA RGE 92.03 PESCEN

~~ 

‘

~~~~ TOTAL EATTE°Y VOLTAGE 6.178
INDIVIDUAL CELL VOL~~AGE! SPECI FIC G AV I Y
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CELL4 1 2.060 1.225
CELL4 5 2.065 1.224

• CELL4 4 2.063 1.223

DISCHARGE NUMBER 40
D!SCHARc-E CURRENT 3.40 DURATION OF CISCHA~ GE 5.48 HR.
RECORDED CELL 4 1
START OF DISCHARGE BATER PY PARAMETERS
TOTAL BATT ERY VOLTAGE 6.708

• INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY• CELL 4 1 2.243 1.267
CELL4 5 2.233 1.262
CELL# 4 2.237 1.265

THE RECORDED CELL C~ NTROLED THE DISCHARGE
• • END OF DISCHARGE BATTERY °ARAMETERS

BATTERY CUTOFF VOLT A GE 4,50 S ECO CELL CUT~~~~ VOLTAGE 0,80CA PACI7Y OF BATTER Y FOR THIS DISCHARGE 94.62 OFRCEN~TOTAL EATT ER.Y VOLTAGE 5.900
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV ITY

CELL4 1 1.930 1,223
CELL4 5 1.976 1.226

-
• CELL# 4 1.962 1.223

-~ D !SC HARGE NUMBER 41
DISCHARGE CU RREN T 3,43 DUPATIO~ OF DISCHARGE 4.73 H~.RECORDEC CELL 4 1• START CF DISCHAR GE BA~ ER SY ~AP .&METERSTOTAL BATT ER Y VOLTAGE 6.715
INCIV ICUAL CELL VOLTAGES SPECIFIC GRAV ITY

CELL# 1 2.238 1.270:~ CELL4 5 2.241 1.270
CELL4 4 2.236 1.270

THE RECORDED CELL CONT ROLED THE DISCHARGE
END CF CISCHAQG~ BATTE RY PARA M E~~~PSBATTFRY CUTCFF VOLTAGE 4.40 SEC. CELL CUTO~~ VOLTAGE 3,68
CAPACITY CF BATTERY FOR THIS DISCHARGE 81.68 PERCEIT
TO TAL BATTER Y VOLTAGE 6,069
INDIVIDUAL CELL V’JL~ AGES SPECIFIC GRAV I’Y

C E LL ~ 1 2.033 1.235
CELL4 5 2.339 1.230
C E LL 4 4 1.997 1.236

D !SCH A PG E NUMBER 42
DISCHARGE CURRENT 3.43 DU~.4’I-JN OF DISCHARGE 5,23 MD ,
S~ C ORD E C C E L L  4 1
START CF DISCHARGE 3ATERRY PA RAMET~~~STOTAL BATTERY VOLTAGE 6.991
INOIV ICUA L CELL VOLTAGES SPECIFIC GRAVI7Y

• CELL 4 1 2.325 1.273
CELL# 5 2.334 1,271
CELL4 4 2.332 1.269

— 
~~- TH~ RCCORDED C~~LL CONTROLED TH~ DTSCHARG C

END OF DISCHARGE BAT ERY PARAM ETE~ S 
-

BATT ERY CUTOFF VOLTAG E 4,50 SEC. CELL CUTOFC V’JLT~ GE 3,56CA PACITY CF BATT ER Y FOR THIS DISCHARGE 89.74 PERC ENT
TOTAL BATT ER Y VOLTAGE 5.914
INDIVIDUAL CELL V-DLTA GE~ SDECIF !C GRAVITY

CELL 4 1 1.94~ 1,222
CELL4 5 1.991 1.228
CELL* 6 1.978 1.238

DISCHA RGE NUMBER 43
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DI SCH AR GE CURRENT 3.45 DIJRAT ION CF DISCHARGE 0.3 HR.
REOCROEC CELL 4 1
STA RT OF DISCHARGE BATERRY °APAMETES~TOTAL BATTERY VOLTAGE 6.680

• INDIVIDUAL CELL VOLTAGES SPECI FIC GRAV ITY
CE LL~ 1 2.179 1.256
CELL# 5 2.249 1.265
CELL# 4 2.252 1.261

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMET E RS
BATTERY CUTOFF VOLTAGE 0.0 SEC. CELL CUTOFF VOLTA GE 0.3
CA PAC1TY OF BATTERY FOR THIS DISCHARGE 0.0 PERCENT
TCTAL BATTER Y VOLTAGE 6.248
INCIVIDUA L CELL VOL T AGES SPECIFIC GRAV ITY

CELL# 1 2.083 1.212
CELL# 5 2.085 1.214
CELL# 4 2.080 1.210

DISCH A RGE NUMBER 44
D T S C H A~ G! CURR ENT 30 40 DURATION OF DISCHARGE 5.30 HR.
RECORDED CELL 4 1
STAP.T OF DISCHARGE BA TE RRY PAPAME~ ERS
TOTAL eATTE RY VOLTAGC 6.740
INDIVIDUAL CELL V O LTAGES SPECIF IC  G R A V I T Y• CELL 4 1 2.210 1.2ó8

CELL 4 5 2.264 1.266
CELL* 4 2.264 1.264

THE RECORDEC CELL CONT R~ LED THE DISCHARGE
END OF DISCHARGE BATTEP.Y PARAME TERS
BATTERY CUTOFF V~ LTAGE 4.78 SEC. CELL CUTO FF VOL ?AGE 1.05
CAPACITY OF B4ITE~ Y FOR ThIS DISCHARGE 86.23 PFRCENT
TOTAL BATT ERY VOLT AGE 6.002
INCIV ICUA L CELL VOLTAGES SPECIFIC GRAVITY

CELL4 1 1.980 1.220
CFLL4 5 2.014 1.221
CELL# 4 2.003 1.220

DI SCH AR GE NUMBER 45
DISCHA RGE CURRENT 3.40 DURATION OF DISCHARGE 4.50 HR .
SECCRDEC CEL L ~ 1
START CF DISCHARGE BATE~ RY PARAMETERS
TOTAL BATTER Y VOLTAGE 6.667
INDIVIDUA L CELL V O L T A G E S  SPECIF IC  G~~AV ~ TY

CELL4 1 2.150 1.262
CELL4 5 2.262 1.265
CELL4 4 2.259 1~ 260

TH~ RECORDED C~~LL C O N T R O L E D  TH~ DTSCHARG~
~ND OF DISCHARGE BATTERY PARAM ~ T E R S
BATTERY CUTOFF VOLTAGE 4.82 REC. CELL CUT~~F~ VJLT~ GF 1.05CAPACITY OF BATTERY FOR THIS DISCHARGE 77.66 PERCE’4T
TOTAL BATTERY VOLTAGE 2.970
INDIVIDUAL CELL VOLTAGES SPEC~~~IC GRAVITY

CELL 4 1 1.985 1.219
- -. CELL ~ 5 2.025 1.220

CELL4 4 2.016 1.220
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AP PENDIX C

CYCLE HISTORY OF PBSB 4 2

DISCHA RGE NUMBER 1
DI SCHARGE CURRENT 3.40 DURATION OF DISCHARGE 4.87 HR.
RE CORDE C CELL 4 1
START OF DISCHARGE BAT ERRY PARAMETERS
TOTAL BATTERY VOLTA GE 6,382
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV ITY

CELL 4 1 2.115 1.261
CELL4 2 2.131 1.263
CELL4 3 2.135 1.261

THE RECORDEC CELL CONT RCLED THE DISCHARGE
END OF DISCHARGE BATTERY PAR AM ETERS
BATTERY CUTOFF VOLTAGE 5.22 SEC. CELL CUTOFF VOLTA GE 1.55
CAPACITY OF BATTERY FOR THIS DISCHARGE 90.38 PERC ENT
TOTAL BATTERY VOLTAGE 6.213
INDIVIDUAL CELL VOLT AGES SPECIFIC GRAVITY

CELL 4 1 2.070 1.215
CELL 4 2 2.072 1.220
CELL# 3 2.071 1.220

-
~ DISCHARGE NUMBER 2
DISC HARGE CURRENT 4.50 DURATION OF DISCHARGE 3.40 HR.
R EC O RDED CEL L 4 1
START CF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.384
INDIVI DUAL CELL VOLTAGES SP ECIFIC GRAV ITY

CELL ~ 1 2.132 1.262
CELL# 2 2.126 1.260
CELL 4 3 2.127 1.261

THE RECORDED CELL CONTROLED THE DISCHARGE
END O F DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLT AGE 5.05 SEC. CELL CUTOFF VCLTAGE 1.45
CAPACITY CF BATTERY FOR THIS DISCHARGE 87.94 PERCENT
TOTAL BATTERY VOLTAGE 6.176
INDIVI DUAL CELL VOLTAGES SPECI FIC GRAVITY

CELL# 1 2.063 1,220
CELL# 2 2.059 1.215
CELL# 3 2.062 1.215

END OF CHARG E BATERY ON OPEN CIRCUIT
CHARGE NUMBER 2
TOTAL EATTERY VOLTAGE 6.681
INDIVI CUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL# 1 2.213 1.260
CELL# 2 2.235 1.256
CELL 4 3 2.236 1.265

— 

DISCHARGE NUMBER 3• DISCHARGE CURRENT 2.60 DURATION OF DISCHARGE 7.87 HR.
RECORDEC CELL 4 2
START CF DISCHARGE BATERSY PARAMETERS
TCTAL EATTERY VOLTAGE 6.383

.1 INDIVI CUAL CELL VOLTAGES SPECIFIC GRAVITY
CELL4 1 2.129 1.262
CELL4 2 2.124 1.260
CELL4 3 2.130 1.265

hA
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END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 5.00 SEC. CELL CUTOFF VOLTAGE 1.85
CAPACITY OF BATT ER Y FOR THIS DISCHARGE 106.39 PERCENT
TOTAL BATTERY VOLTAGE 6.200 -

INCIV ICUAL CELL VOLTAGES SPECIFIC GRAVITY
CELL# 1 2.064 1.208
CELL# 2 2.067 1.205
CELL 4 3 2.070 1.220

DI SC~-A RC-E NUMBER 4
DiSCHARGE CURRENT 2.80 DURATION OF DISCHARGE 6.77 HR.
REC ORDEC CELL 4 1

L START OF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTA GE 6.393
INDIVIDUAL CELL VOLTA GES SPECIFIC GRAVITYr CELL# 1 2.110 1.261

CELL$ 2 2.110 1.260
CELL# 3 2.110 1.255

THE RECORDED CELL C-JNTROLED THE DISCHARGE
END OF DISCHARGE BATTER Y DA RAM ETERS
8ATTESY CUTOFF VOLTAGE 5.38 SEC. CELL CUTUFF VOLTAGE 1.55
CA PACITY OF BATTERY FOR THIS DISCHARGE 99.90 PERCENT
TOTAL BATTERY VOLTAGE 6.230
INDIVIDUAL CELL VOLTA GES SDECIFIC GRAVITY

CELL# 1 2.067 1.203
• CELL# 2 2.068 1.205

CELL# 3 2.063 1.206

END OF CHARGE 8ATESY ON OPEN CIRCUIT
CHARGE NUMBER 4
TOTAL BATTERY VOLTAGE 6.691
INJIVI CUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL 4 1 2.214 1.264
CELL4 2 2.235 1.262

• CELL4 3 2.226 1.258

DISCHARGE NUMBER 5
DI SCHARGE CURRENT 2.11 DURATION OF DISCHA RGE IO.22 HR.
RE CCRDE C CELL 4 3
START CF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.309
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

• CELL# 1 2.108 1.263
CELL4 2 2.101 1.265
CELL# 3 2.095 1.261

I

END OF DISCHARGE BATTERY PARA METERS
BATTERY CUTOFF V O LTAG E 4.59 SEC. CELL CUTOFF VOLTA GE 1.86
CAPACIT Y OF BATTERY FOR THIS DISCHARGE 107.94 PERCENT
TOTAL B ATTERY VOLTAGE 6.044
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL 4 1. 2.006 1.195
CELL# 2 2.026 1.203
CELL# 3 2.015 1.217

}~ ~ DISCHARGE NUMBER 6
DI SCI-ARGE CURRENT 2.47 DURATION OF DISCHARGE 8.42 HR.

~~~ ~~~ RECORDED CELL 4 2
START OF DISCHARGE BATERRY PARAMETERS
TOTAL BA TTERY VOLTAGE 6.455

k - !  IN CIV ICUAL CELL VOLTAGES SPECI FIC GRAV ITY
CELL 4 1 2.152 1.257

. 0
CELL4 3 2.148 1.255
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END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.95 SEC. CELL CUTOFF VOLTAGE 1.87
CAPACITY OF BATTERY FOR THIS DISCHARGE 107.12 PERCENT
TOTAL BATTERY VOLTAGE 6.082
INCIVICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL# 1 2.025 1.203
CELL# 2 2.033 1.205
CELL 4 3 2.026 1.205

DISCHARC-2 NUMBER 7
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 6.48 HR.
.RECORDEC CELL 4 1
START CF DISCHARGE BATERRY PAR AMETERS
TOTAL BATTERY VOLTAGE 6.851
INDIVID UAL CELL VOLTAGES SPECIFIC GRAVITY

CELL4 I. 2.282 1.265
CELL4 2 2.291 1.266
CELL4 3 2.287 1.256

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY ~ARA M E TE SS
BATTERY CUTOFF VOLTAGE 4.78 SEC. CELL CUTOFF VOLTA GE 1.10
CAPACIT Y OF BATTERY FOR THIS DISCHARGE 112.07 PERCENT
TOTAL BATTERY VOLTAGE 5.850
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL# 1 1.9~ 1.204
CELL 4 2 1.C 1.209
CELL# 3 1.~~~3 1.205

END OF CHARGE BATERY ON OPEN CIRCUIT
CHARGE NU M BER 7
TOTAL BATTERY VOLTAGE 6.848
INDIVIDUAL CELL VOLT AGES SPECIFIC GRAVITY

CELL4 1 2.276 1.265
CELL$ 2 2.284 1.265
CELL4 3 2.280 1.256

DISCH ARGE NUMBER 8
DISC HA RGE CURRENT 2.11 DURATION OF DISCHASGEI0.65 HR.
RECORDED CELL 4 2
START OF DISCHARGE BATERPSY PARAMETERS
TOTAL BATTERY VOLTAGE 6.340
:NDIvICUAL CELL VOLTAGES SPECIFIC GRAVITY4 CELL4 1 2.115 1.266

CELL 4 2 2.110 1.266
CELL4 3 2.113 1.256

END OF DISCHARGE BATT ERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.52 SEC. CELL CUTOFF VOLTAGE 1.89
CAPACIT Y OF BATTERY FJR THIS DISCHARGE 112.53 PERCENT
TOTAL BATTERY VOLTAGE 6.066
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL 4 1 2.016 1.205
CELL 4 2 2.032 1.205t CELL# 3 2.018 1.202

END OF CHARG E BATTERY ON FINISHING RATE
CHARGE NUMBER 8
TOTAL BATTERY VOLTAGE 8.081
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAv ITY

CELL 4 1 2.681 1.260
CELL 4 2 2.70$ 1.260
CELLØ 3 2.690 1.253
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DISCHARGE NUMBER 9
DISCHARGE CURRENT 3.32 ~kAT IO N OF DISCHA RGE 6.88 HR.
RECORDED CELL 4 3
START OF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.776
INCIVIC UAL CELL VOLTAGES SPECIFIC GRAV!TY

CELL4 1 2 .257 1.260
CELL# 2 2.273 1.260
CELL# 3 2.267 1.253

END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOL TAGE 4.59 SEC. CELL CUTOFF VOL TAGE 1.89
CAPACITY OF BATTERY FOR THIS DISCHARGE 111.11 PEiCE’4T

• TOTAL BATTERY VOLTAGE 5.841
INDIVID UAL CELL VOLTAGES SPECIFIC GRAVITY

CELL# 1 1.899 1.203
CELL4 2 1.967 1.205
CELL4 3 1.963 1.210

END OF CHARG E BATTERY ON FINISHING RAT E
CHARGE NUMBER 9
TOTAL BATTERY VOLTAGE 8.070
INDIVIDUAL CELL VOLTAGES SPECI F IC G R A V I T Y

CELL# 1 2.676 1.250
CEL L# 2 2.70 7 1.248
CELL# 3 2.687 1.244

DISCHARc•E NUMBER 10
DISCHARGE CURRE NT 3.10 DURAT ION OF DISCHARGE 6.47 HR.
RECORDED CELL 4 1
START OF DISC HARGE SATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.725
INDIVIDUAL CELL V O LTAGES SPECIF IC GRAVITY

- - CELL# 1 2.233 1.260
CELL4 2 2.249 1.264
CELL# 3 2.243 1.258

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.60 SEC. CELL CUT O FF VG LTAG E 1.08
CAPACITY OF BATTER Y FOR THIS DISCHARGE 107.66 PERCENT
TOTAL 2ATTERV VOLTAGE 6.178
INDIVIDUAL CELL VOL T AGES SPECIFIC GRAVITY

CELL# 1 2.059 1.202
CELL# 2 2.063 1.200
CELL# 3 2.056 1.20 1

END D~ CHARG E BATTERY ON FINISHING RAT E
CHARGE NUMBER 10
TOTAL BATTERY VOLTAGE 8.057

• I INDIVIDUAL CELL VOLTAGES SP ECI F IC G R A V I T Y
• CELL# 1 2.684 1.267

CELL# 2 2.693 1.267
CELL# 3 2.680 1.262

DISCHARGE NUMBER 11
DISCHA RGE CURRENT 3.13 DURATION OF DISC HA RGE 6.35 HR.
RECO RDEC CELL 4 4
START OF DISCHARGE BAT E RRY P4RA MET ~~SS
TOTAL BATT ER Y VOLTAGE 6.665
INDIVIDUAL CELL VOLTAGES SPECIF IC GRAVITY

CELL# 1 2.240 1.267• CELL 4 2 2.240 1.267
CELL# 4 2.180 1.257

THE RECORDED CELL CONTROLED THE DISCHARGE

I II END OF DISCHARGE 3ATTERY PARAMETERS

1
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BATTERY CUTOFF VOLTAGE 4.68 SEC. CELL CUTOFF VOLTAGE 1.10
CAPACITY OF BATTERY FOR THIS DISCHARGE 135.72 PERCENT
TOTAL BATTERY VOLTAGE 6.170
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVI TY

CELL# 1 2.063 1.210
CELL 4 2 2.059 1.210
CELL 4 4 2.045 1.205

END OF CHARG E BATTERY ON FINISHING RATE
CHARGE NUMBER 11
TOTAL BATT ER Y VOLTAGE 8.073
INCIVICUAL CELL VOL TA GES SPECI FIC GRAVITY

CELL# 1 2.689 1.266
CELL# 2 2.706 1.263
CELL4 4 2.677 1.261

DISC HARGE NUMBER 12
-
• 

DISCHARGE CURRENT 3.10 DURATION OF DISCHARGE 6.43 HR.
ri RECORDEC CELL 4 1

START CF DISC HARGE BATER RY PARAMETERS
TOTAL BATTERY VOLTAGE 6.403
INO IVICUA L CELL VOLTAGE S SPECIFIC G R A V I T Y

L .  CELL4 1 2.150 1.261
CELL# 2 2.146 1.262
CELL4 4 2.129 1.263

END CF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.57 REC. CELL CUTOFF V O LTAGE 1.70
CAPACITY CF BATTERY FOR THIS DISCHARGE 107.11 PERCENT
TOTAL BATTERY VOLTAG E 5.954
INCIV IDUAL CELL VOLTAGES SPEC!FIC GRAVITY

CELL 4 1 1.988 1.203
CELL# 2 2.002 1.210
CELL4 4 1.958 1.210

• END OF CHARG E BATT ER Y ON FINISHING RAT E
CHARGE NUMBER 12
TOTAL BATTERY VOLTAGE 8.052

- 
- INDIV IDUAL CELL VOLTAGES S PECIF IC  G RAV!TY

C E L L 4  1 2.686 1.264
CELL# 2 2.707 1.264
CELL# 4 2.659 1.262

DISCHARGE MU~~BER 13
DISC HARGE CURRENT 3.10 DURATION OF DISCHARGE .25 HR.
RECORDED CEL L 4 2
START CF DISCHARGE SATERRY PA RAM ETERS
TOTAL BATTER Y VCLT4GE 6.727
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL# 1 2.281 1.264
CELL# 2 2.295 1.264
CELL# 4 2.225 1.262

END OF DISCHARGE BATTERY PARAMETE RS
BATTERY CUTOFF VOLTAGE 4.65 SEC. CELL CUT O FF VOLTAGE 1.82
CA PACITY OF BATTERY FOR THIS DISCHARGE 104.06 PERCENT• TOTAL BATTERY VOLTAGE 6.185
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL4 1 2.006 1.205
C ELL4 2 2.067 1.203
CELL4 4 2.353 1.213

- F - - END OF CHARGE BATTERY ON FINISHING RATE
CHARGE NUMBER 13
TOT A L BATTERY VOLTAGE 8.053

I ~
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INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV!TV
CELL4 1 2.685 1.268
CELL# 2 2.703 - 1.264
CELL# 4 2.665 1.256

DISCHARGE N U M B E R  14
DISCHARGE CURRENT 2.23 DURATION OF DISCHA RGE 9.73 HR.
RECORDED CELL 4 4
STA RT OF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.450
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL# 3. 2.162 1.266
CELL # 2 2.160 1.266
CELL4 4 2.130 1.262

I
END CF DISCHARGE BATTERY PARAM ETERS
BATTERY CUTOFF VOLTAGE 4. 80 SEC. CELL CUT O FF VOLT A G E 1.73
CA~ AC ITY OF BATTERY FOR THIS DISCHAP.GE 138.34 PERCENT
TOTAL BATTERY VOLTAGE 6.170
INDIVIDUAL CELL VOLTAGES S P E C I F I C  GRAVITY

C E L L # 1. 2.050 1.200
CELL4 2 2.050 1.220
CELL# 4 2.040 1.220

END OF CHARG E BATTERY ON FINISHING RATE
CHARGE NUMBER 14~TOTAL BATTE RY VOLTAGE 8.021
INDIVI DUAL CELL VOLTAGES S PECIF IC GRAVITY

CELL4 1 2.674 1.266
CELL4 2 2.698 1.265
CELL4 4 2.649 1.262

DISCHARGE NUMBER 15
DI SCHARGE CURRENT 2.50 DURATION OF DISCHARGE 8.33 HR.
RECORDED CELL 4 1

• START CF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6 .862
INDIVIDUAL CELL VOLTAGES SPECIF IC G RAVITY

C ELL4 1 2.295 1.266
CELL4 2 2.309 1.265
CELL4 4 2.258 1.262

THE RECORDED CELL CONTROLED THE DISCHARGE
END CF DISCHARGE BATTERY PARAM ETE°S
BATTERY CUTOFF VOLTAGE 5.30 SEC. CELL CUT-JFF VOLTAGE 1.35— C A P A C I T Y  OF BATTERY FOR T HIS DISCHARGE 137.59 PERCENT

- 
-

- T OTAL BATTERY VOLTAGE 6.170
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL4 1. 2.057 1.200
CELL4 2 2.063 1.203
CELL4 4 2.050 1.200

END CF CHARG E BATTERY ON FINISHING SATE
CHA RGE N UMBER 15
TOTAL BATTERY VOLTAGE 7.985
INDIVIDUAL CELL VOLTAGES S PECIF IC  G R AV I T Y

-• CELL 4 1 2.655 1.2o4
CELL4 2 2.688 1.270
CELL 4 4 2.644) 1.263

DISCHARGE NUMBER 16
D ISCHARGE CURRENT 4.10 DURATI3 N OF D ISCHARGE 4.62 HR.
RECORDED CELL 4 2
START CF DISC HARGE BA TERRY PARAME TERS
TOTAL BATTE RY VOLTAGE 6 .775

I I
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INO IVI DLA L CELL VOLTAGES SPECIFIC GRAVITY
CELL# 1 2.269 1.264
CELL# 2 2.292 1.270
CELL# 4 2.238 1.263

END OF DISCHARGE BATTERY PARAMETE RS
BATTERY CUTDFF VOLTAGE 5.-)3 REC. CELL CUTOFF V LLTA GE 1.90
C A P A C I T Y  OF BATT ERY FOR THIS DISCHARGE 106.95 PERCE NT
TCTAL BATTER Y VOLTAGE 5.867
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL # 1 1.945 1.210
CELL~ 2 1.979 1.219
CELL4 4 1.93 6 1.221

END OF CHARGE BATTERY ON FINISHING RA TE
CHARGE NUMB I~R 16T~OTAL BATTERY VOLTAGE 8.071
IND IVI DUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL~ 1 2.686 1.269
CELL4 2 2.715 1.275
CELL4 4 2.670 1.270

DISCHARGE NUMBER 17
DISCHARGE CURRENT 3.10 DURATION OF DISCHARGE 6.27 HR.
RECORDE D CELL 4 4

• ST~ PT CF DISCHARGE BATERRY P A R A M E T E R S
TOTAL BATTERY VOLTAGE 6.891
INDIVI DUAL CELL VOLTAGES SPECIFIC GRAVITY

C E L L ~ 1 2.279 1.269
CELL4 2 2.335 1.275
CELL4 4 2.277 1.270

END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTO FF VOLTAGE 4,oB REC. CELL CUTJ F~ VOL TAGE 1.79
CAPACITY OF BATTERY FOR THIS DISCHARGE 104.33 PERCEI\IT
TOTAL BATTERY VOLTAGE 6.089
INDIVIDUAL CE LL VOLTAGES SPECIFIC GRAVITY

CELL 4 1 2.028 1.219
CEL L~ 2 2.041 1.220
CELL~ 4 2.020 1.215

END OF CHARG E BATTEP Y ON FIrdSH1NG SAT E
CHARGE NUMBER 17
TOT A L BATTERY VOLTAGE 8.029
INDIV IDUAL CELL VOLTAGES S P E C I F I C  G R A V I T Y

CELL~ 1 2.669 1.263
CE LL~ 2 2.696 1.264
C ELL~ 4 2 .654 1.270

DISCHARGE NUMBER 18
DISCHARGE CURRENT 3.10 DURATION OF DISCH A Q GE ô.U3 H~~.
~ECC RDED CEL L 4 1
START CF DISCHARGE BATEP RY P4PA ~~E E R S

— TOTAL BATT ER Y VOLTAGE 6.778
IN D IV I D UAL CELL V O L T A G E S  S P E C I F i C  GRA V ~~~Y

CELL 4 1 2 .285 1.263
CELL ~ 2 2 .306 1.264
C~ LL4 ~ 2.624 L.270

T HE RECORDED CELL CONTROL ED THE D ISCHARGE
END OF DISCHA RGE BATTERY PARAMETE RS

-
• ÔA TTERY CUTOFF VOLTAG E 4.70 SEC. C E LL C UT 1FF V C L T4 G~ 1.11

CAPACITY CF BA TTERY FOR THIS DISCHA RGE 1M.28 PERCE’1 1
TOT A L BATTERY VOLTAGE 6.059
INDIVIDUAL CELL V O L T A G E S  S P E C I F I C  G R AV IT Y
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CELL# 1 2.066 1.223
CELL# 2 2.071 1.220 -

CELL# 4 2.062 1.221

ENO OF CHARGE BATTER Y ON FINISHING RA ?E
CHARGE NUMBER 18
TOTAL BATTERY VOLTAGE 8.007
IN CIV ICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL ~ 1. 2.662 1.270
CELLs 2 2.692 1.277
CELLS 4 2.652 1.267

DISCHA PGE NUMBER 19
• DISCHARGE CURRENT 4.10 DURAT I ON OF DISCHARGE 4.32 HR .

RECORDED CELL 4 2
START CF DISCHARGE BATERRY PARAM ETERS
TOTAL BATT ERY VOLTAGE 6,738
INC IV IC UAL CELL VOLTAGES SPECIFIC G R A V I T Y

CELLS 1 2.265 1.274)
CELL.4 2 2.287 1.277
CELL S 4 2.248 1.267

END OF DISCHARGE BATTERY PARAMETE RS
BATTERY CUTOFF VOLTAGE 5.11 REC. CELL CUTOFF VCLTAGE 1.90
CAPACITY OF BATTER Y FOR THIS DISCHARGE 100.30 PERCENT
TOTAL BATTER Y VOLTAG E 5,898
INDIVIDUAL CELL VOLTAGES SPECIF IC  GRAVITY

r CELLS 1 1.917 1.232
CELL S 2 1.980 1,230
CELLS 4 1.952 1.225

END OF CHARG E BATTERY ON FINISHING RAT E
CHARGE NUMBER 19
TOTAL BATTERY VOLTAGE 8.042
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 3. 2.670 1.280
CELLS 2 2.699 1.284
CELL S 4 2.659 1.281

DISCHARGE NUMBER 23
DISCHARGE CURRENT 3.20 DUPATIO N OF DISCHARGE 5.77 HR .

- - RECORDED CELL 4 4
START OF DISCHARGE BA TERRY PA RAMET E RS
TOTAL BATT ER Y VOLTAGE 6.681
INDIV ICUA L CELL V O L T A G E S  S PEC I F IC G R A V I T Y

CELLS 1. 2.226 1.280
CELLS 2 2.243 1.284
CELLS 4 2.214 1.281

END OF DISCHARGE BATTERY PARAM ETERS
BATTERY CUTOFF VOLTAGE 4.70 SEC. CELL CUTOFF VOL TAGE 1.87
CAPACITY OF BATTERY FOR THIS DISCHARGE 99.67 PE~ CEN T
TOTAL BATTERY VOLTAGE 6.045
IND IVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.006 1.223
CELLS 2 2.030 1.226
CELLS 4 2.009 1.224

END OF CHARGE BATTERY ON FINISHING RA TE
CHARGE NUMBER 20
TOTAL BATTERY VO LTAGE 8.174
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.724 1.275
CELLS 2 2.742 1.274
CELLS 4 2.708 1.270
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DISC HARGE NUMBER 21
DISCHARGE CURRE NT 3.40 DURAT IO N OF DISCHA RG E 5.17 HR.
RECORDED CELL 5 5
START OF DISCHARGE BATER RY PARAM ETERS
TOTAL BATTERY VOLTAGE 6.434
INDIVID UAL CELL VOLTAGES SPECIFIC GRAV ITY

CELLS 1 2.168 1.275
CELLS 5 2.113 1.267
CELLS 4 2.152 1.270

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTE RY PAP~~MET EPS

- • BATTERY CUTOFF VOLTAGE 5.20 REC. CELL CUTOFF VOLTAGE 1.40
CAPACITY OF BATTERY FOR THIS DISCHARGE 55.93 PERCENT
TOTAL BATTERY VOLTAGE 6.218
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.082 1.235
CELL S 5 2.060 1.226

- • CELLS 4 2.076 1.229

D !SCHAP GE NUMBE R 22
DISCHARGE CURRENT 3.50 DURATION OF DISCHARGE 5.10 HR.
RECC RDEC CELL S 1
START CF DISCHARGE BATER RY PAR A~i ET E RS
TOTAL BATT ER Y VOLTAGE 6.572
INDIVIDUAL CELL VOLTAGES S PEC IF IC G RA V I T Y

CELLS 1 2.21-8 1.271
CELLS 5 2.160 1.268
CELLS 4 2.204 1.272

END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 5.10 SEC. CELL CUTOFF VCL AGE 1,85
-CAPACITY OF BATTERY FOR THIS DISCHARGE 98.01 PERCENT
TOTAL BATTERY vOLTAGE 6.117
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVI TY

CELLS 1 2.034 1.235
CELLS 5 1.999 1.228
C ELLS 4 2.030 1.230

END CF CHARG E BATTERY ON FINISHING RATE
CHA RGE NUMBER 22

• TOTAL BATTERY VOLTAGE 8.020
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.680 1.267
CELLS 5 2.630 1.262

- 
-

• CELLS 4 2.680 1.272

DISCHARGE NU MBER 23
DISCHARGE CUR RENT 3.20 DURATION OF NSC HARGE 5.97 HR.
RECORDED CELL 4 4

- • - START OF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.482
INDIVIDUAL CELL V~ LTAGES SPECI FIC GRAVITY

CELLS 1 2.169 1.267
CELLS 5 2.173 1.262
CELLS 4 2.181 1.272

END OF DISCH ARGE BATTERY PARA M ETERS
BATTERY CUTOFF VOLTAGE 4.70 SEC. CELL CUTOFF VCL T~ GE 1.88
CA PACITY OF BATTERY FOR THIS DISCHARGE 103.13 PERCENT

— TOTAL BATTERY VOLTAGE 6.211
ZNC IV I C UAL  CELL VOLT A G E S SPECIF IC G R A V I T Y

CELLS 1. 2.075 1.238
CELLS 5 2.064 1.224

t -
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CELL S 4 2.070 1.227

END OF CHARGE BATTERY ON FINIS HING PATE
CHARGE NUMBER 23
TOTAL èATT ER Y VOLTAGE 7.960
INDIVI DUAL CELL VOLTAGES SPECIF IC  GRAVITY

CELLS 1 2.668 1.280
CELLS 5 2.632 1.262
CELLS 4 2.659 1.272

DISCHARGE NUMBER 24
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 5.83 HR.
RECORDED CEL L 5 3.
START CF DISCHARGE BATERRY PAR AM ETERS
TOTAL BATTERY VOLTAGE 6.509
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.187 - 1.280
CELLS 5 2.152 1.262
CELLS 4 2.172 1.272

EN ) OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.55 SEC. CELL CUTOFF VOLTA GE 1.83
CAPACITY OF BATTERY FOR THIS’ DISCHARGE 100.83 PERCENT
TOTAL BATTERY VOLTAGE 6,204
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.069 1.239
-
• CELLS 5 2.069 1.237

CELLS 4 2.066 1.231

END OF CHARGE BATTERY ON FINISHING RATE
CHARGE NUMBER 24

-• 
- TOTAL BATTERY VOL TA GE 8,069

INDIVIDUAL CELL VOLTAGES SPECIFIC GR AVITY
CELLS 1 2.70 5 1.270
CELLS 5 2.664 1.270
CELLS 4 2.699 1.278

DISCHARGE NUMBER. 25
DISCHARGE CURRENT 3. 20 DURAT IL~N OF DISCHARGE 5.83 HR.
RECORDED CELL 4 5
ST A RT CF DISCHARGE BATE R RY PARAM ET E RS

• - TOTAL BATT ER Y VOLTAGE 6.735
INDIV ICUAL CELL VOLTAGES SPECIF IC G R AV I T Y

CELLS 1 2.262 1.270
CELLS 5 2.216 1.273
CELL S 4 2.260 1.278

END OF DISCHARGE BATT E RY PA RAMETE R S
BATTERY CUT O FF VOLTAGE 4.70 REC. CELL CUTOFF V OLT~~3E 1.90
C A P A C I T Y  OF BATTERY FOR THIS DISCHARGE 100.83 DC5~~ENT

-
‘ TOTAL BATTERY VOLTAGE 6.137

INDIVIDUAL CELL VOLTAGES SPECIFIC G~ 4VITYCELLS 3. 2.047 1.236
CELLS 5 2.041 1.234
CELLS 4 2.049 1.224

END OF CHARG E BATTERY ON FINISHING RATE
CHA RGE NUMBER 25

P TCTAL BATTERY VOLTAGE 7.961
INDIVIDUAL CELL VOLT AG ES SPECIF IC  G R A V I T Y

CELLS 3. 2.665 1.289• CELLS 5 2.634 1.290
CELLS 4 2.662 1.281
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DISC HARGE NUMBER 26
DISC HARGE CURRENT 3.20 DURAT ION OF DISCHARGE 5.75 1~R.R~ CCRDED CELL 5 1
StART CF DISCHARGE SATERRY PARAM ETERS
TOTAL BATTERY VOLTAG E 6.785
INDIVIDUAL CELL VOLTAGE S SPECIF IC GRAVITY

CELL S 1 2.241 1.284
CELLS 5 2.209 1.290
CELLS 4 2.235 1.290

END OF DISCHARGE BATTERY PARAMET ERS
BATTERY CUTOFF VOLTAGE 4.58 SEC. CELL CUTOFF VOLTAGE 1.81
CAPACITY OF BATTERY FOR THIS DISCHARGE 99.40 PERCENT
TOTAL BATTERY VOLTAGE 6.208
INDIVICUAL CELL VOLTAGES SPECIFIC GRAVITY

—1 C ELLS 1 2.069 1.235
CELL S 5 2.071 1.239
CELLS 4 2.067 1.229

END OF CHARG E BATTERY ON FINISHING RATE
CHARGE NUMBER 26
TOTAL BATT ER Y VOLTAGE 8.046
INDIV IC UAL CELL VOLT A GES SPECIFIC GRAVITY

CELLS 1 2.688 1.290
CELLS 5 2.653 1.270
CELLS 4 2.685 1.275

DISCHARGE NUMBER 27
DISC HARGE CURRENT 1.50 DURA’ IJN OF DISCHARGE14 .17 HR.
RE ORDED CELL 5 4
START CF DISCHARGE BATERSY PARAM ETERS
TOTAL BATTERY VOLTAGE 6.911
INCIVIC UAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.318 1.290
CELLS 5 2.280 1.270
CELLS 4 2.313 1.275

END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.43 REC. CELL CUTO FF VOLTAGE 1.87
C A P A C I T Y  OF BATTERY FOR TH IS DISCHARGE 100.30 PERCENT

• TOTAL BATTERY VOLTAGE 6.187
INDIVIDUAL CELL VOLTAGES SPECIF IC  G R A V I T Y

CELLS 1 2.0o2 1.225
• CELLS 5 2.064 1.230

CELLS 4 2.359 1.225

END OF CHARGE BATTERY ON FINISHING RAT E
CHARGE NUMBER 27

- 

• TOTAL BATTERY VOLTAGE 8.038
!P’ 1C IV ICUAL CELL VOLTAGES SPECIF IC  GRAVITY

CELLS 1. 2.693 1.271
CELL S 5 2.656 1.271
CELLS 4 2.689 1.271

— DISCHARGE NUMBER 28
DISCHA RGE CURREN T 3.20 DURATION OF DISCHARGE 6.37 HR.

— RECORDED CEL L 5 1
START CF DISCHA RGE BATER RY PARAM ET E RS
TOTAL BATT ERY VOLTAGE 6.653

- . INCIVICUAL CELL VOLTAGES SPECIF IC GRAVITY
r -~~ CELL S 3. 2.237 1.271

• CELLS 5 2.200 1.276
CELL S 4 2.233 1.270

L~r END OF DISC HARGE BAT T E RY PARA M ET E RS
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BATTE RY CUTOFF VOLTAGE 4.60 REC. CELL CUTOFF VOLT.~GE 1.75CAPACITY OF BATTER Y FOR THIS DISCHARGE 3.10.04 PERC ENT
TOTAL EATTERY VOLTAGE 6.041
INDIVIDUAL CELL VOLTAGES SPECI FIC GRAVITY

CELL S 1 2.009 1.238
CELLS 5 2.003 1.236- CELLS 4 2.019 1.225

END OF CHARGE BATTER Y ON FINISHING RATE
CHARGE NUMBER 28
TOTAL BATTERY VOLTAGE 7.993
INDIVIDU AL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.671 1.268
CELLS 5 2.646 1.272
CELLS 4 2.673 1.278

DISCHARGE NUMBER 29
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 6.23 HR.
RECCROEC CEL L 5 5
START O~ DISC HARGE BATERRY PARAMETERS
TOTAL BATT ERY VOLTA GE 6.662
I!JDIVID LAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.231 1.268
CELLS 5 2.207 1.272
CELL S 4 2.228 1.278

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISC HARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.bO REC, CELL CUT-OFF VOLTA GE 1.00
CAPACITY OF BATTERY FOR THIS DISCHARGE 107.17 PERC ENT
TOTAL eATTERY VOLTAGE b.207
INDIVI D UAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.069 1.231
CELL S 5 2.070 1.231
CELLS 4 2.066 1.222

END OF CHARGE BATT ERY ON FINISHING RATE
C H A R G E  N U M B E R  29
TOTAL BATT ER Y VOLTAGE 7.939
INDIVIDUAL CELL VOLTAGES SPECI F IC  GRAVITY

CELLS 1 2.656 • 1.280
CELLS 5 2.625 1.286
CELLS 4 2.658 1.291

DISCHARGE NU MBER 30
DISCHARGE CURRENT 3.20 DURAT ION OF DISCHARGE 6.12 ~ .

-
~~~ REC CR DE C CEL L 5 1

START CF DISC HARGE BATERRY PARAM ETERS
TOTAL BATTERY VOLTAGE 6.621
INDIVICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.215 1.280
CELLS 5 2.200 1.286
CELLS 4 2.214 1.291

END OF DISCHARGE BAT TERY PARAMETERS
- 

~
- BATTER Y CUTOFF VOLTAGE 4.48 REC. CELL CUTO FF V OLTAGE 1.72

— C A P A C I T Y  OF BATTERY FOR THIS DISCHARGE 105.72 PERCENT
TOTAL BATTER Y VOLTAGE 6.027

- 1  INDIVIDUAL CELL VOLTAGES SPECIF IC G R A V I T Y
CELLS 1 2.008 1.233
CELLS 5 2.001 1.235
CELLS 4 2.024 1.227

END OF CHARG E BATT ERY ON FINISHING RAT E
CHA RGE N U M B E R  30
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TOTAL eATTERY VOLTAGE 8.137
INDIVICUAL CELL VOLTAGES SPECIFIC GRAVIT Y

CELLS 1 2.722 1.262
CELLS 5 2.694 1.274
CELL S 4 2.721 1.264

DISCHARGE NUMBER 31
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 6.42 HR.
RECORDED CELL 5 5
START CF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTA GE 6.860
!NDIVICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S ~ 2.303 1.262
CELL S ~ 2.276 1.274
CELLS 4 2.298 1.262

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLT AGE 4.51 REC. CELL CUTOFF VOLTAGE 1.10
C A P A C I T Y  OF BATTERY FOR THIS DISCHARGE 110.91 PERCENT
TOTAL BATTER Y VOLTAGE 5.936
INCIVICUAL CELL VOLTAGES SPECIF IC  G RA V I T Y

- • CELLS 1 1.974 1.233
CELLS 5 1.967 1.235
CELLS 4 1.995 1.230

END OF CHARG E BATTERY ON FINISHING RATE
CHARGE NUMBER 31
T OTAL BATT ER Y VOLTAGE 2.883
INDIVIDUAL CELL VOL TAGES SPECIFIC GRAVITY

CELLS 1 2.639 1.279
CELLS 5 2.615 1.280

- 

- 
- CELLS 4 2.629 1.286

DISCHARGE NUMBER 32
DISC HARGE CURRENT 3.20 DURATION OF DISCHA RGE 5.93 HR.

• RECORDED CELL 5 1
START CF DISCHARGE BATERRY PARAM ET E RS
TOTAL BATTERY VOLTAG E 6.70 6
INCIVICUAL CELL VOLT A GES SPECIFIC GRAVITY

- 
- CELLS 1 2.247 1.279

CELLS 5 2.237 1.280
CELLS 4 2.233 1.286

THE RECORDED CELL CONTRCLED THE DISCHARGE
-• END OF DISCHARGE BATTERY PARAMETE RS

BATTERY CUTOFF VOLTAGE 4.66 SEC. CELL CUTO~~F VOLT AGE 1.25
CA PACITY OF BATTERY FOR THIS DISCHARGE 102.56 PERCENT
TOTAL EA TTE SY VOLTAGE 6.20 1
INDIVIDUAL CELL VOL TAGES SPEC IF IC GRAVITY

CELLS 1 2.064 1.235
CELLS 5 2.071 1.237
CELLS 4 2.065 1.227

END OF CHA RGE BATTE RY ON FINISHING RA T E
CHARGE NUMBER 32
TOTAL EATTERY VOLTAGE 7.973
INDIVIC UAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1. 2.664 1.266
CELLS 5 2.644 1.276
CELLS 4 2.665 1.273

DISCHA RGE NUMBER 33
DISC HARGE CURRENT 3.20 DURATION OF DISCHARGE 5.53 HR.
RECCRDEC CELL 5 4

} ••
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START CF DISCHARGE dATER RY PARAME TERS
TOTAL BATTERY VOLTAGE 6.493
INDIVIDUAL CELL VOL TAGES SPECIFIC GRAVITY

CELLS 1 2.169 1.278
CELL S 5 2.165 1.282
CELLS 4 2.158 1.278

END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAG E 4.53 REC. CELL CUTOFF VOLTAGE 1.84
CAPACITY OF BATTERY FOR THIS DISCHA RGE 101.99 PERCENT
TOTAL BATT ERY VOLTAGE 6.201
INDIVI CUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.063 1.232
CELLS 5 2.079 1.237
CELL S 4 2.063 1.225

END OF CHARG E BATTERY ON FINISHING RAT E
CHARGE NUMBER 33• TOTAL EATTEIc Y VOLTA GE 8.150
INDIVIDUAL CELL VOLTAGES SPECIF IC  GRAVITY

CELL S 3. 2.710 1.259
CELLS 5 2.680 1.260
CELLS 4 2.710 1.256

DISCHARGE NUMBER 34
DISCHARGE CJRRENT 3.20 DURATION OF DISCHARGE 6.32 HR.
RECORDED CELL 5 1
START CF DISCHARGE BATERRY PA RAMETE RS
TOTAL BATTER Y VOLTAGE 6.452
INDIVIDUAL CELL VOLTAGES S PECIF IC  G R A V I T Y

CELLS 1 2.155 1.262
CELLS 5 2.162 1.274
CELLS 4 2.135 1.234 —

END CF DiSCHARGE BATTERY PARAMETERS
BATTER Y CUTOFF VOLT AG E 4 .60 SEC. CELL CU7JFF VOLTAGE 1.70
CAPACITY OF B4T~ !RY FOR THIS DISC HARGE 109.18 PERCE’J 7
TOTAL BATTERY VOLTAGE 6.085
INDIV 1CUAL CELL VOL TA GES SPECIFIC GRAVITY

CELLS 1 2.029 1.228
CELLS 5 2.028 1.235
CELLS 4 2.035 1.225

END OF CHARG E BATTERY ON FINISHING RATE
CHA RGE NUMBER 34
TOTAL BATTERY VOLTAGE 8.130
IN OIVICUAL CELL VOL TAGES SPECI~~IC GRAVITY

CELLS 1 2.722 1.202
CELLS 5 2.690 1.269
CELLS 4 2.718 1.264

DISCHARGE NUMBER 35
DISC HARGE CURRENT 3.20 DURATION OF DI SCHARGE 6.25 HR.
RECORDED CELL 5 5
START OF DISCHARGE SATERRY PAR AMETERS
TOTAL E~ TTERY VOLTA GE 6.774
INC IV IC UAL CELL VOLTA GE S SPECIFIC GRAVITY

CELL S 1 2.270 1.262
CELLS 5 2.245 1.269
CELL S 4 2.278 1.264

END OF DISCH ARGE BATTERY DA RAMETESS
I -

~~ BATTERY CUTOFF VOLTAGE 4.53 SEC. CELL CUTOFF V~ LTAGE 1.55
~~~ CAPACITY OF BATTERY FOR THIS DISCHARGE 108.34 PERCENT

TOTAL BATTERY VOLTAGE 6.3.12

1-
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INCIVICUAL CELL VOLTAGES SPECIFIC GRAVITY
CELLS 1. 2.032 1.235
CELLS 5 2.042 1.238
CELLS 4 2.045 1.224

END OF CHARG E BATTER Y ON FINISHING RATE
CHARGE NUMBER 35
TOTAL BATTERY VOLTAGE 8.070
INCIVICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.68 7 1.275
CELLS 5 2.662 1.274
CELLS 4 2.700 1.268

DISCHARGE NUMBER 36
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 6.13 HR.
RECORDED CELL 5 1
STA RT CF DISCHARGE BATERRY PARAMETERS
TOTAL eATTERY VOLTAGE 6.457
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.157 1.273
CELLS 5 2.164 1.275
CELLS 4 2.139 1.266

END OF DISCH ARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.60 SEC. CELL CUTOFF VCL~ 4GE 1.55CAPACITY OF BATTER Y FOR THIS DISCHARGE 106.32 PERC E’~JT
TOTAL BATTERY VOLTAGE 6.120
INDIV ICUAL CELL VOLTAGES SPECIF IC G R A V I T Y

CELLS 1. 2.039 1.233
CELL S 5 2.040 1.245
CELLS 4 2.053 1.228

END OF CHARGE BATTER Y ON FINISHING RATE
CHARGE NUMBER 36
T OTA L BATT ER Y VOLTAGE 8.014
!NDIVICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.678 1.282
CELLS 5 2.646 1.280
CELLS 4 2.681 1.269

DISCHA RGE NUMBER 37
DISCHA RG E CURRENT 3.20 DURATION OF D ISC HA RG E 6 .22 HR.
RECORDED CELL S 1
START CF DISCHARGE BATERRY PA RA ~IET~~SS
TOTAL BATTERY VOLTAGE 6. 43 1
INC!VICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.147 1.268
CELLS 5 2.152 1.277
CELLS 4 2.135 1.265

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DIS CHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.60 SEC. CELL CUTOFF VC LT A GE 1.40
CAPACITY CF BATTERY FOR THIS D ISCHARGE 107.45 PERCENT
TOTAL BATT ERY VOLTAG E 6.069
INDIV IDUAL CELL VOLTAGES SPECIFIC GRAVITY-‘ CELLS 1 2.017 1.231

CELLS 5 2.025 1.237
CELLS 4 2.039 1.225

END OF CHARG E BATTERY ON FINISHING RATE
CHAR GE NUMBER 37
TOT AL eA TTERY VOLTAGE 8.066

~~ INDI VIDUAL CELL VOLTAGES SPECIFIC GRAVITYr CELLS 1. 2.698 1.262
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CELLS 5 2.664 1.275
CELL S 4 2.732 1.262

DISCHARGE NUMBER 38
- DISCHARGE CURRENT 3.23 DURATION OF DISCHARGE 6.43 HR.

RECC R DE O CELL 5 5
START OF DIS CHARGE BATERRY PARAM ETERS
TOTAL BATTERY VOLTAGE 6.413
INDIVID UAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.142 1.266
CELL S 5 2.147 1.275
CELLS 4 2.124 1.265

• THE RECORDED CELL CO NTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOF F VOLTAGE 4.67 REC. CELL CUTOFF VOLTAGE 1.35
CAPACITY OF BATTERY FOR THIS DISCHARGE 111.20 PERCENT
TOTAL BATT ERY VOLTAGE 6.203
INDIVIDUAL CELL VOLTAG ES SPECIFIC GRAV ITY

CELLS 1 2.063 1.234
CELLS 5 2.079 1.239
CELLS 4 2.066 1.225

END OF CHARG E BATTERY ON FINISHING SATE
CHARGE NUMBER 38
TOTAL BATTERY VOLTAGE -8.076
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

— CELLS 1 2.698 1.266
CELL# 5 2.665 1.275
CELLS 4 2.704 1.270

DISCHARGE NUMBER 39
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 6.25 HR.
RECORDED CELL 5 1
START CF DISCHARGE B4IERSY PARA METERS
TOTAL BATT ER Y VOLTAGE 6.451
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.153 1.26~CELL S 5 2.162 1.275
CELLS 4 2.139 1.268

THE RECORDEC CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMETERS

: BATTER Y CUTOFF VOLTAGE 4.76 REC. CELL CUTOFF VJLT4~ E 1.21
CAPACITY OF BATTERY FOR THIS DISCHARGE 108.04 PERCENT
TOTAL BATT ER Y VOLTA GE 6.183
INC IVICUAL CELL VOLTAGES SPECI FIC G R A V I T Y

CELLS 1 2.054 1.235
CELL S 5 2.370 1.241
CELLS 4 2.064 1.229

END OF CHARG E BATTERY ON FINISHING RATE
CHARGE NUMBER 39
TOTAL BATTER Y VOLTAGE 8.079
INDIVIDUAL CELL VOLTAGES SPEC IFIC GRAVITY

CELLS 1 2.693 1.268
CELLS 5 2.666 1.274

It CELLS 4 2.709 1.268

DISCHARGE NUMBER 43
DISC HARGE CURRENT 3.20 DURATION OF DISCHA RGE 6.23 HR.

V RECORDED CELL 5 1
ST A RT CF DISCHARGE BATERPY PA RAMETERS

L TOTAL BATTERY VOLTAGE 6.426
INDIVIDUAL CELL VOLTAGES SPEC IFIC GRAVITYI_ I
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CELLS 1 2.145 1.286
CELLS 5 2.151 1.290
CELLS 4 2.128 1.276

THE RECORDEC CELL CONT ROLED THE DISCHA RGE
END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.78 REC. CELL CUTO FF VOLTAGE 1.29
CAPACIT Y OF BATTERY FOR THIS DISCHARGE 107.17 PEI~CE.N T
TOTAL BATTERY VOLTAGE 6.197
INDIVID UAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.061 1.233
CELL S 5 2.070 - 1.240
CELLS 4 2.0b6 1.230

END OF CHARG E BATTERY ON FINISHING RATE
CHARGE NUMBER 40
TOTAL BATT ERY VOLTAGE 8.080
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1. 2.699 1.278
CELLS 5 2.674 1.276
CELLS 4 2.707 1.270

DISCHARGE NUMBER 41
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 6.12 HR.
RECORDED CELL 5 1
START OF DISCHARGE BATERRY PARAMETERS
TOTAL BATT ERY VOLTAGE 6.653
INDIVIDUAL CELL VOLTAGES SPECIFIC G R A V I T Y

CELLS 1 2.216 1.273
CELLS 5 2.216 1.276
CELLS 4 2.232 1.270

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMETERS
BATT E RY CUTOFF V O LTAGE 4 .70 RE CO CELL CUTOFF VOLTAGE 1.20
C A P A C I T Y  OF BATT ERY FOR THIS DISCHARGE 105.72 PERCEN T
TOTAL BATTER Y VOLTAGE 5.874
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 1.890 1.240
CELL S 5 1.930 1.245
CELL S 4 1.990 1.232

END OF CHARGE BATTERY ON FINISHING PATE
C H A R G E  N U M B E R  41
TOTAL BATTERY VOLTAGE 8.366
INDIVIDUAL CELL VOLTAGES SPECIF IC  G R A V I T Y

CELLS 1 2.654 1.265
CELLS 5 2.690 1.275
CELL S 4 2.724 1.266

DISCHARGE NUMBER 42
-‘ DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 6.08 HR.

RECORDED CEL L 5 4
START CF DISCHARGE SATERR Y PARAMETERS

— TOTAL BATTERY VOLTAGE 6.931
INDIVID UAL CELL VOLTAGES SPECIFIC GSAV!TY

CELL S 1 2.392 1.265
CELLS 5 2.250 1.275
CELLS 4 2.292 1.266

END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.67 SEC. CELL CUTOFF V C LT~ GE 1.80
CAPACITY OF BATTER Y FOR THIS DISCHARGE 105.15 PERCENT

— TOT AL BATTERY VOL TAGE 5.909
INDIVID UAL CELL VOLTAGES SPECIFIC GRAVITY
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CELL S 1 1.935 1.246
CELLS 5 1.963 1.248
CELLS 4 1.599 1.235

END OF CHARG E BATTERY ON FINISHI NG RATE
CHAR GE NUMBER 42
TOTAL BATTER Y VOLTAGE 7.999
INDIVIDUAL CELL VOLT AGE S SPECIFIC GRAVITY

CELLS 1. 2.639 1.260
CELLS 5 2.666 1.265
CELLS 4 2.694 1.263

DISCHARGE NUMBER 43
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 5.87 HR.
RECORDED CELL S I
START OF DISCHARGE BATERRY PAP.A METERS
T OTA L BATTERY VOLTAGE 6.933
INDIVIDUAL CELL V O LTAGES SPECIFIC G RAVITY

CELLS 1 2.405 1.260
CELLS 5 2.267 1.265
CELLS 4 2.284 1.263

THE RECORD !O CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAM ETERS
BATTERY CUTOF F VOLTAGE 4.75 REC. CELL CUTOFF VOLTAGE 1.16
CAPACITY -OF BATTERY FOR THIS DISCHARGE 101.40 PERCENT
TOTAL BATT ERY VOLTAGE 6.216
INC IV ICUAL CELL VOLTAG ES SPECIFIC GRAVITY

CELL S 1 2.Q67 1.240
CELLS 5 2.u78 1.244
CELLS 4 2.071 1.234

END OF CHARG E BATTERY Or-i FINISHING RATE
CHARGE NUMBER 43
TOTAL BATTER Y VCLTAGE 7.967
INCIV I CUAL CELL VOLTAG ES SPECIFIC GRAVITY

- - CELLS 1 2.637 1.272
CELL S 5 2.654 1.280
CELLS 4 2.675 1.274

DISCHA RGE NUMBER 44
DISCHARGE CURRENT 3.20 DURATION O~ DISCHA RGE 5.95 HR.
REC RJED CELL 4 5
ST ART F DISC - ~GE ~AT ERRv PARAM ETERE
TOTAL SATT E~~Y ~L A ~ E 6.903
INDIVIDUA L CELL VOL TA GES SPECIFIC GRAVI TY

CELL S 1 2.385 1.272
CELL S 5 2.257 1.280
CELLS 4 Z.25~ 1.274

a END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.60 SEC. CELL CUT O FF VOLTAGE 1.83
CAPACITY CF BATT ERY FJR THIS DISCHARGE 101.12 PERCENT
TOTAL BA TTERY VOLTAGE 5. 993 -

INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY
CELLS 1 1.974 1.242
CELLS 5 1.999 1.247
CELLS 4 2.314 1.235

END OF CHARG E BuTTERY ON FINISHING SATE
CHARGE NUMBER 44
TOTAL BATTER Y VOLTAGE 8.016
INDIVIDUAL CELL VOLTAGES SPECIFIC G RA V IT Y

1. C ELLS 1 2.64 8 1.264
~~~~r. CELL S 5 2.675 1.280
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C ELLS 4 2.694 1.270
C

DISCHARGE NUMBER 45
DISCHARGE CURRENT 3.20 DURATI ON OF DISCHARGE 5.68 HR.
RECORDED CELL S 1
START CF DISCHARGE BATERRY PAP.AMETERS
TOTAL BATT ER Y VOLTAGE 6.952
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.406 1.264
CELLS 5 2.269 1.280
CELLS 4 2.277 1.270

— THE RECORDE D CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAME TERS

( BATTERY CUTOFF VOLTAGE 4.60 REC. CELL CUTD~~F V OLTAGE 1.05
CAPACITY OF BATTERY FOR THIS DISCHARGE 98.24 PERCENT
TOTAL BA T T ERY VOLTAGE 6.074
INCIV ICUA L CELL VOL TAGES SPECIFIC GRAVITY

CELLS 1 2.30 9 1.241
CELLS 5 2.023 1.250
CELLS 4 2.037 1.235

END OF CHARG E BATT ER Y ON FINISHING RATE
CHARGE NUMBER 45
TOTAL BATTERY VOLTAGE 8.073
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV F~Y

CELLS 1 2 .676 1.272
CELLS 5 2.690 1.27 7
CELLS 4 2 .258 1.271

DISCHARGE NUMBE R 46
- - DISCHARGE CURRENT 3.20 DURATION OF DISCHA RGE 5.95 HR.

RECORDED CELL 5 4
START CF DISCHARGE BATE R RY PA RA METE R S
TOTAL BATTERY VOLTAGE 6 .878
INDIVIDUAL CELL VOLTAGES S PECIFIC G R A V I T Y

CELLS 1 2.379 1.272
CELLS 5 2.240 1.277
CELLS 4 2.258 1.271

END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.78 REC. CELL CUT O FF VOLTAGE 1.70
CA D AC ITY OF BATTERY FOR THIS DISCHARGE 102.85 PERC ENT
TOTAL BATT ER Y VOL TAGE 6 .232
INCIV ICUA L CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.073 1.240
CELLS 5 2.085 1.241
CELLS 4 2 .372 1.235

END OF CHARGE BATTERY ON FINISHING RATE
CHARGE NUMBER 46
TOTAL BATTER Y VOLTAGE 8.078
INC IV ICUA L CELL VOLTAGES SPECI F IC  G R A V I T Y

CELL S 1 2.676 1.269
CELLS 5 2.696 1.272
CELLS 4 2 .706 1.266

DISC HARGE NUMBER 47
-
~~ DISCHARGE CURREN T 3.20 DURATION OF DISC HA RGE 5.92 HR .

P E CCPDED CELL S 1
START F DIS CHARGE BAT ERRY PARAMETERS
TOTAL BATT ER Y VOLTAGE 7.070
INDIVIDUAL CELL VOLTAG ES SPECIF IC  G R A V I T Y

CELLS 1 2.44 8 1.269
CELL S 5 2.312 1.272

t ~
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CELLS 4 2.310 1.266

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAM ET ERS
BATTERY CUTOFF VOLTAGE 4.58 SEC. CELL CUTOFF V O LTAGE 1.25
CAPACITY OF BATTERY FJR THIS DISCHARGE 102.26 PERCENT
TOTAL BATTERY VOLTAGE 6.159
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.048 1.241
CELLS 5 2.Oól 1.239
CELLS 4 2.055 1.232

END OF CHARGE BATTERY ON FINISHING RATE
CHARGE NUMBER 47
TOTAL BATTER Y VOLTAGE 8.085
INDIVID UAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.665 1.272
CELLS 5 2.706 1.276
CELLS 4 2.713 1.276

DISCHARGE NUMBER 48
DISCHA RGE CURRENT 3.20 DURATION OF DISCHARGE 5.73 HR.
RECORDED CELL 5 1
START CF DISCHARGE 8A1! RRY PARAMETERS
TOTAL BATTERY VOLT A GE 6.710
INDIVIDUAL CELL VOLTAGES SPECIFIC GRA V ITY

CELLS 1 2.257 1.272
CELLS 5 2.250 1.276
CELLS 4 2.242 1.276

THE RECORDED CELL CON TROLED THE DISCHARGE
END OF DISCHARGE BATTERY PA RAMETERS— BATTERY CUTOFF VOLTAGE 4.dO SEC. CELL CUTOFF VO LTAGE 1.30
CA PACITY OF BATTERY FOR THIS DISCHARGE 98.53 PERCENT
TOTAL BATTERY V O L T A G E  6.189
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.057 1.244
CELLS 5 2.070 1.246
CELLS 4 2.062 1.236

END OF CHARGE BATT ER Y ON FINISHING PATE
CH ARGE NUMBER 48
TOTAL BATTERY VO LTAGE 8~ 053
INDIVIDUAL CELL VOLTAGES SPECIFIC GR AVITY

CELL S 1 2 .651 1.269
CELLS 5 2.689 1.280
CELLS 4 2.713 1.277

DISCHARGE NUMBER 49
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 5.ó3 HR.
RECORDED CELL S 1
STA RT CF DISC HARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 7.120
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

C ELLS 1 2.468 1.26-9
CELLS 5 2.689 1.280
CELLS 4 2.337 1.277

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PAR AM ETE RS

- t BATTERY CUTOFF VOLTAG E 4.72 REt . CELL CUTOFF vOLTA GE 1.2-)
C A P A C I T Y  CF BATTERY FOR THIS D!SC HA RGE 97.37 PERCE N T
TOTAL BATTER Y VOLTAGE 6.104
INDIVI DUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.023 1.244

•1
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CELLS 5 2.041 1.252
CELLS 4 2.040 1.241

END OF CHARG E BATTER Y ON FINIS HING RATE
CHARGE t\UMBER 49
TOTAL BATTERY VOLTAG E 8.057
INDIVI DUAL CELL VOLTAGES SPECI FIC GRAVITY

CELLS 1 2.~~45 1.269
CELLS 5 2.695 1.272
C ELLS 4 2.715 1.270

D I S C H A R G E  NU~ - BE R 50
DISCHARGE CURRENT 3.23 DURATION OF DISCHARGE 5.45 HR.
RECORDED CELL 5 4
START CF DISCHARGE BA TERRY PARAMETERS
TOTAL B A T T E R Y  VJL~ AGE 7.076
INCIVI CUA L CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.452 I.?69
CELL~ 5 2.317
CE L L~ 4 2.324 1.270

END OF DISCHARGE BA TTERY D~~~ A M ET E PS
- 

- 
BATTERY CUTO F~ VOLTAGE 4.68 REC . CELL CUTJFF V L T ~ GE 1.70
CA PACITY OF BATTERY FOR Tr~IS DISCHARGE 94.21 PERCEN T
TOTAL BATTERY VOLTAGE 6.228
INDIVI DUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.071 1.247
CELLS 5 2.083 1.248
CELLS 4 2 .072 1.236

END OF CHARG E BATT ER Y ON FINISHING R A T E
CHA RGE f’~U M B E R  50
TOTAL BATTERY VJL TAG 8.031
I N D I V I D U A L  CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.646 1.266
CELLS 5 2.684 1.274
CELLS 4 2.702 1.272

DISCHA RGE NUMBER 51
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 5.~+5 ~S.RECCRDEC CELL 5 1
START CF DISCHARGE BA TERRY PA RAME T E RS
TOTAL BATTE R Y VOLTAGE 6.771
INC IV ICUA L CELL VOLT~~G!S S~~EC IFIC GRAVITY

C E L L S 1 2.335 1.266
CELL S 5 2.223 1.274
CELLS 4 2.213 1.272

END OF DISCHA RGE BATTERY PARAMETE PS
BA TTERY CUTOFF VOLTAGE 4.80 SEC. CELL CU?3F~ VOLT~ — E  1.63
CAPACITY OF BATTERY FOR THIS DISCHARGE 94.21 PERCENT
TOTAL BATTERY VOL TAGE 6.204
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1. 2.062 1.245
CELLS 5 2.074 1.245
CELL S 4 2.064 1.235

END OF CHARGE BA7~ ERY ON FINISHING RA TE
CHI~R G E  ~‘UM~~EP. 51TOTAL BATTERY vOLTA GE 8.0-34
INDIVIDU A L CELL VOLTAG ES SPECI FIC GRAVITY

• CELLS 1 2.681 1.275
CELL S 5 2.715 1.276
CELL S 4 2.609 1.270
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DISCHA RGE NUMBER 52
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 5.62 HR .
RECORDED CELL 5 4
START OF DISC HARG E B A T E R PY  DARA M ETERS
T OTAL BATTERY VOLTAGE 7.030
INCIV!DUAL CELL VOLTAGES SPECIF IC  G R A V I T Y

CELLS 1 2.448 1.275
CELL S 5 2.308 1.276
CELLS 4 2.274 1.270

THE RECORDED CELL CO NTR O LED TH E DISCHARGE
END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF V O L T A G E  4 .78 Q EC. C E L L  CU T O F~ VOLTAGE 1.22
CAPACITY OF BATTERY FOR THIS DISCHARGE 97.08 PERCENT

- - TOTAL EATTERY VOLTAGE 6.204
INDIVIDUAL CELL VLLTAGES S°ECIFIC GRAVITY

CELLS 1 2.064 1.249
CELLS 5 2.077 1.246
CELLS 4 2.063 1.240

END OF CHARG E BATT ERY ON FIN ISHING RAT E
CHARGE NUMBER 52
TOTAL EATTERY VOLTA GE 7.997
INDIV IDUAL CELL VOLTA GES SPECIFIC GRAvITY

CELLS 1 2.630 1.265
CELLS 5 2.730 1.272
CELLS 4 2 .588 1.266

DISCHARGE NUYBER 53
DISCHARGE CURREN T 3.20 DURATION OF DISCHARGE 5.33 H R .
R E C O R D E D  C E L L  5 4
START CF DISCHARGE BATERRY PAF.A~ ETERS
TOTAL BATTERY VOLTAGE 6.682
INDIVI DUAL CELL VOLTAGES SPECI9C GRAVITY

CELL S 1 2.258 1.265
CELLS 5 2.260 1.272
C E L L S  4 2.165 1.266

THE RECO RDEC CELL CONTROLED TH~ D I S C H A R G E
END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.70 SEC. CELL CUTOFF VOLTAGE 1.37
CAPACI TY CF 5ATTE~~~Y FOR THIS DISCHAP GE 92.19 PERCENT
TOTAL BATTERY VOLTAGE 6.114
INCIVI DUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.031 1.244
CELLS 5 2.045 1.246
CELL~ 4 2.028 1.237

END CF CHARGE BATTE RY ON FINISHING RA TE
CHARGE NUMBER 53

• TOTAL BATTERY VOLTAGE 8.000
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.680 1.272
CELLS 5 2.726 1.276
CELLS 4 2.600 1.280

DISCHA PGE NUMBER 54
DI SCHARGE CURRENT 3.23 DURATION OF DISCHARGE 4.95 HR .
RECCRDED CELL 5 4
START CF DISCHARGE EAT ESRY PARA ~1ETERSTOTAL BATTE RY VOL TAGE 7.101
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

- 
~~~
‘

- CELLS 1 2.495 1.272
CELLS 5 2.358 1.276
CELLS 4 2.2o 1 1.280
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THE RECORDED CELL CO NT RO LED THE DISCHARGE
END OF DISCHARGE BATTERY PARAM ETERS
8ATTERY CUTOFF VOLTAGE 4.70 SEC. CELL CUTJFF VOLTAGE 1.05
CAPACITY OF BATTER Y FOR THIS DISCHARGE 85.57 PEI~CENTTOTAL BATTERY VOLTAGE 6.237
INDIVIDUAL CELL VOLT A GES S P E C I F I C  G R A V I T Y

CELLS 1 2.079 1.252
CELLS 5 2.086 1.258
CELLS 4 2.069 1.244

END OF CHARG E BATTERY ON FINISHING SATE
CH ARGE NUMBER 54
TOTAL eATTERY VOLTAGE 7.629
INDIVID UAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.494 1.277
CELLS 5 2.716 1.282
CELLS 4 2.425 1.825

DISCHARGE NUMBE P 55
DISCHARGE CURRENT 3.20 DUR ATION OF DISCHARGE 4.38 HR.
SECOPSDEC CELL 5 1.
START CF DISCHARGE BA T E R R Y  PARAMETERS
TOTAL BATTERY VOLTAGE 6.455
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.108 1.277
CELL S 5 2.232 1.282
CELL S 4 2.115 1.285

END OF DISCHARGE BATTERY PARAM ET E RS
BATTE RY CUTOFF VOLTAGE 4.70 REC. CELL CUTOFF VOLT~~GE 1.80CAPACITY OF BATTERY FOR THIS DISCHARGE 75.76 PERCE !1T
TOTAL BATTERY VOL T AGE 6.142
INDIVI DUAL CELL VOLTAGES S P EC I F I C  G R A V I T Y

CELLS 1 2.032 1.250
CELL S 5 2.086 1.250
CELL S 4 1.977 1.241

END OF CHARGE EATTERY ON FINISHING RATE
CHARGE NUMBER 55
TOTAL BATT ERY VOLTAG E 7.962
INDIVIDUAL CELL VCL TAG ES SPECIFIC GRAVITY

CELLS 1 2.590 1.269
CELL S 5 2.717 1.276
CELL S 4 2.655 1.279

DISCHARGE NUM BER 56
DISCHARGE CURREN T 3.23 DURATI ON OF O ISCHARG 2 4.73 ~ .
R E C O R D E D  C E L L  ~ 4• I START OF DISCHARGE B~ TERRY PARAMETE RS

• TOTAL BATTER Y VOLTAGE 6.784
• INDIVICU A L CELL VOLTAGES SPECI F IC G R A V I T Y

CELL S 1 2.236 1.269
CELLS 5 2 .323 1.27ó

- 
~

- CELLS 4 2.224 1.279

THE RECORDED CELL CONTROLED THE DISCHA RGE
END CF DISC HARGE BATTERY PARAMETER S

-• BATTERY CUTO FF V O L T A G E  4.53 SEC. CELL CUT-OFF V O L T A G E  1.03
C A P A C I T Y  OF BA TTERY ~3R THIS DISCHA RGE 81.82 PERCENT
TOT AL EATTESY VOLTA GE 6.266

- 

~~~•, , INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY
- -

- CELL S 1 2.080 1.253
CELLS 5 2.100 1.253
CELLS 4 2.082 1.243

-4
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END OF CHARG E BATTER Y ON FINISHING RATE
CHARGE NUMBER 56
TOTAL BATTERY VOLTAGE 8.065

• INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY
CELLS 1 2.632 1.265
CELL S 5 2.731 1.273
CELLS 4 2.699 1.275

DISCHARGE NUMBER 57
DISCHARGE CURRENT 3.20 DURAT ION OF DISCHARGE 4.60 HR.
RECORDED CELL 5 1
START GF DISCHARGE BATE RRY PARAMETER S
T0~ AL BATTERY VOL TAGE 6.76•3
INDIVIDUAL CELL VOLTAGES SPECIFIC G R A V I T Y

CELLS 1 2.207 1.265
CELL S 5 2.303 1.273
CELLS 4 2.243 1.275

END OF DISCHARGE BATTERY PARAMETERS
BATTE RY CUTOFF V O LTAGE 4.70 REC. CELL CUTOFF VOLTAGE 1.85
CA PACITY OF BATTERY FOR THIS DISCHARGE 79.52 PERCENT
TCTAL BATTERY VOLTAGE 6.319
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV ITY

CELLS 1 2.105 - 1.253
• CELLS 5 2.117 1.251

CELLS 4 2.097 1.241

END CF CHARGE BATTE~ Y ON FINISHING RATE
CHARGE NUMBER 57
TOTAL BATTERY VOLTAGE 8.104
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV!TY

CELLS 1 2.643 1.279
CELLS 5 2.744 1.288
CELLS 4 2.717 1.276

DISCHARGE NUMBER 58
D!SCHARc-E CURRENT 3.23 DURATION OF DISCHARGE 4.68 HR.
RECORDED CELL 5 4
START CF DISCHARGE 3A ERRY PARAMETERS
TOTAL BATTERY VOL TAGE 7.219 -

INOIV ICUA L CELL VOLTAGES SPECIFIC GRAV ITY
CELLS 1 2.455 1.279
CELL S 5 2.399 1.288
CELLS 4 2.384 1.276

END OF DISCHARGE 3LTTERY PA RAMETE RS
BATTERY CUTOFF •~~OLTAG E 4.68 REC . CELL C UTOFF V~~LTAGE 1. ~9
CAPACITY CF BATTERY P35 THIS DISCHARGE 80.95 PER C ENT
TOTAL BATTERY VOLTAGE 6.273
INDIVIDUAL CELL VOLTAGES SPECIF IC  G R A V I T Y

CELLS 1 2.086 1.254
CELLS 5 2.102 1.254
CELLS 4 2.090 1.241

- 
-
- : END OF CHARGE BATT ER Y ON FINISHING RATE

CHARGE NUMBER 58
TO TAL BATTER Y VOLTAG E 8.091
IND IVIDUAL CELL VOLTAGES SPECIFIC GRA VITY

CELLS 1 2.630 1.285
CELL S 5 2.742 1.290
CELLS 4 2.719 1.279

DISCH A RGE NUMBER 59

2 2 1
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DISC HARGE CURRENT 3.20 DURATION UF DISCHARGE 4.57 HR .
PEC CRD EC CELL 4 1
START OF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.971
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.320 1.285
CELLS 5 2.383 1.290
CELLS 4 2.36) 1.279

END OF DISCHARGE BATTERY PAR AMETERS
BATTERY CUTOFF VOLTAGE 4.68 SEC. CELL CUTO FF VOLTAGE 1.75
CAPACITY OF BATTERY FOR THIS DISCHARGE 78.93 PERCENT
TOTAL BATTERY VOLTAGE 6.180
INDIVID UAL CELL VOLTAGES SPECIFIC GRAV iTY

CELLS 1 2.045 1.256
CELLS 5 2.074 1.260
CELLS 4 2.061 1.245

END OF CHARG E BATTERY ON FIN ISH NG RATE
CHA RGE NUMBER 59
TOTAL eATTERY VOLTAG E 7.758
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.482 1.273
CELLS 5 2.725 1.281
CELLS 4 2.551 1.275

DISCHARGE NUMBER 60
DISCHARGE CURRENT 3.20 DURATION OF DISCHARGE 4.05 HR.
RECORDEC CELL 5 1
START CF DISCHARGE BATESRY PARAMETERS
TOTAL EATTERY VOLTAGE 6 .880
I NC IV IC UA L CELL VOLTAGES SPECIF IC  G R A V I T Y

CELL S 1 2.250 1.273
CELLS 5 2.360 1.281
CELLS 4 2.289 1.275

THE RECORDEC CELL CONT ROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMET ERS
BATTERY CUTOFF V~ LTAGE 4.73 SEC. CELL CUTOFF VOLTA GE 1.00
CAPAC ITY OF BATT ERY FOR THIS DISCH ARG E 70.01 PERCENT
TOTAL BATTERY VOLTAGE 6.232
INDIV ICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.026 1.255
CELLS 5 2.109 1.260
CELLS 4 2.094 1.247

END OF CHARGE BATTER Y ON FINISHING SATE
C HAR GE NUMBEM 60

- • TOTAL B ATTER Y VOLTAGE 7.609
INDIVIDUAL CELL VOLTAGES SPECIFIC GR AVITY

- 
- CELL S  I 2.38ó 1.275

CELLS 5 2.720 1.285
CELLS 4 2.510 1.275

I !-
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A DP~~!DIX 0

CYCL E HIST O RY OF °BCA 5 1

DISCHARGE NUMBER 1
DISCHARGE CURRENT 2.60 DURAT iON OF DISCH A RGE 6.42 HR.
RCCORDEC CELL 5 3
START CF DISCHARGE BATERSY PAS4~~~ ERS
TOTAL BA TTERY VOLTAG E 6.645
INDIVIDUAL CELL VOLTAGE S SPEC IFIC GP~~V !TYCELLS 1 2.223 1.271

CELL S 2 2.225 1.270
CELLS 3 2.198 1.269

THE R ECORDED CELL C?NT~~OL ED THE DISCHARG E
END OF DISC HA~~GE BAT ~~FRY PARAM ETER S
BATTERY CUT O FF V O LT A G E 5.39 SEC. CELL CUT~~FF V O L~~~GE 1.63— C A DA C IT Y  OF BAT T ERY PO P TH IS D I SCHARG E 83.62 PER C E NT
rO-TAL BATTERY VO1?AGE 6.098
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CE LLS 1 10981 1~~235
CELL S 2 2.009 1.225
CELL S 3 2 ,038 1.226

D ISCH A RGE NUMBER 2
DI S C HARGE C UPRE N T 1.30 DURAT ION O~ D’ S C HAR G E 1C .3 3  HR.
PECOQOEC CELL S I
START CF DISCHA ~ GE B A T E R R Y  PASAME FRS
T OTA L BA T T E RY V O LT A GE 63618
INDIVIDUAL CELL VOLTA GES SPECIFIC G~~~VT !YCELL S 1 2.184 1.267

- - CELLS 2 2.200 1.267
CELL S 3 2.208 1.267

END OF DISCHA RG E BAT T ERY PA F4ME ER~BA T T E R Y  CUT O FF VOLTAGE 4.85 SEC, CELL CU~ J F~ V~ L A GE 1.90
CA PACITY OF BATTERY FOR H15 DI~~CHARGE 83.19 °ERCE~~TC~7~ L SATTE°Y VOLTAGE 5~ 856IND tV~~DIJAL CELL VOL~ AGES S? FC I F IC GPAV ITY

CELLS 1 1.981 1.222
CELLS 2 1.986 1.223
CELLS 3 1.825 1.225

E N D  OF CHARGE 8A~ ERY ON O PEN CIRCUI T
CH AR GE NUMBER 2
T O T A L  BA T TERY V C LT AG E 6 .863
INDIVIDUAL CELL VOL AG ES SPEC! Fl-C G D A V !T Y

CELLS 1. 2.302 1.268
CELL S 2 2.304 1.268
CELL S 3 2 .281 1.268

D IS CH A RGE ~4 (J M BE5 3
3I3CHA~~GE CUR RENT 2.6) DURA ION OF DISCHARGE 6.32 HR.
REC O RDED CELL 4 1

- 
- STA D OF DIECHA E BATERSY PA QA’~ETE~~

~~~ AL BATTER Y VOL TAGE 6~ 434INDIVIDUAL CELL V O L T A G E S  S P E C T ~~IC G RA V IT Y
CELL S 1 2.137 1.271
CELL S 2 2 .135 1.271
CELLS 3 2. 132 1,270

END OF D ISCHA RGE BAT T ERY PA RA M E ~~S

t
2 2 3
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BATTERY CUTOFF VOLTAST 5.16 SEC. CELL CUTO C F V J L AG E 1.89
CA P A C I T Y  OF BATTERY FJR THIS D I S C H A R G E  82.32 PERC EN
T O TAL BLT ES Y V O LTAG E 6,035
INCIV ICUA L CELL VOLTAGES SDEC?F !C GRAV ITY

CELLS 1 2.024 1~~235
CELL~ 2 2.025 1.236
CELL S 3 1.997 1,236

DISCHARGE NUMBER 4
DISCHARGE CURREN T 1.80 DURATION IF D!5CHARGE1O ,-08 HR.
R~ C” PD~~C C~~LL 5 3
ST A O T CF DISCHAR G E BA~~E~~RY PAR AMETERS
T O TA L BATTERY V O LTAGE 6.590
INDIV IDUA L CELL VOL TA GES SPECIFIC GRAVITY

CELL S 1 2.201 1.268
C ELLS 2 2.203 1.268
CELLS 3 2.189 102ó5

TH~ RC C O RO ED C1 CO NTRO L D THE DISCHARG E
END OF CISCHAR GE BATTERY PARA M ETERS
BA TTERY CUTOFF V f l LT A G E 5.16 SEC. C FLL CUT O FF V~ L7~ GE 1.50
CAPACITY OF BATTERY Fi R THIS DISCHARGE 81.18 °ESC ENT
TOTAL BA~ TES Y VOLTAGE S,836
!!-l ’~IVI CUAL CELL VOL TAGES S’ECIFIC GRAVITY

CELLS 1 1.990 1.223
C ELLS 2 1.997 1.223

• CELL S 3 1.826 1.225

DISCHARGE NUMBER 5
DISCHARGE CJSP EN~ 2.63 DU P A~~TCN OF DI S CHARGE 7 ,00 HR .
R E C O R D E D  C E L L  5 2
START OF DISCHAPG~ BATE RRY PARA M E E RS
T O T A L  EA~~!ERY VOLTAGE 6.514

• P’JC!V ICUAL CELL VOLTAGE S SPECIFIC GRAV ITY
C E L L ~ 1 2.174 1~~275
CELLS 2 2.171 1.275
CELL S 3 2.170 1.276

END OF D I S C H A RG E  B A T T E R Y  PA R A - ’~1E ERS
34TTERY CUTOFF VOLTAGE 5000 SEC. CELL CUTOFF VCLT~ GE 1.90
CA PACITY OF BATTERY FIR THIS DISCHARGE 91.23 PESCEN
T OTA L BATTERY V O LTAGE 6 .225
INDIVIDUA L CELL VflLTA GES SPECIFIC GRAV ITY

CELL S 1 2.082 1,227
CELL S 2 2.081 1.225
CELL S 3 2.076 1.221

DISCHARGE NUMBER 6
JISCHA RGE CURRENT 2.60 DURA ION OF DISCHAR GE 6,73 HR ,
RECORD ED CEL L 5 3
S T A R T OF DISCHARGE BA ERSY °AR AM E~~~R~TOTAL BATTER Y VJL A GE 6,486
INDIV~~CU4L CELL V O L T A G E S  S P E C I F I C  G R A V I T Y

CELL S 1 2.160 1,266
t CELLS 2 2.161 1,265

CELLS 3 2.163 1.261

THE RECORDED CELL CONTRILED THE DISCHA~ GE
ENO OF DISCH AR GE BATTERY PARA M E ERS
BAT TE R?  CUTOFF VO LT A GE 4.93 SOC . CELL CU~~~~~ V L T ~~GE 1.17
C A D A C I T Y  OF BATT ERY FOR THIS D I S C H A R G E  88,36 PE~ O~~~r
T OT AL EA~ T E PY V O LT A G E 6.181
INC IV ICUAL CELL VOL T AGES SP ECIF IC GR A VI T Y

CELLS 1 2.065 1~~22 S
CELL S 2 2.363 — 1,22)
CELL S 3 2.053 1.225

- 
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END OF CHARGE 3ATE RY ON OPEN C IRC UI
CHA R GE NUMBER 6
TOTAL BATT ER Y VOLTAGE 6.656
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVI TY

CELLS 1 2.232 1.276
CELLS 2 2.220 1.279
CELLS 3 2.195 1.276

DISCHA RGE NUMBER 7
DISCH A RGE CURRENT 2.63 DUPA ION OF DISCHA RGE 7.43 HR ,
RECORDED CEL L 4 3

-• STAR T CF DISCHARG E BAT E RRY PAP A MET RS
TOTAL BATTE R Y VOL T A GE 6,433
INDIVIDUAL CELL VOLTAGES S 7 E C I F I C  GRAVI T Y

C ELLS 1 2.142 1.278
CELL~ 2 2.143 1.278
CELLS 3 2.148 1.278

THE R ECORDED CELL CON T SJLE D THE DISC HA RG E
END OF DISCHARGE BA T T E R Y  PA RA M ETE RS
BA TTERY CUTOFF VOLTAGE 5.10 SEC. CELL CUT~~~F VOL T A GE 1.31
CAPACI TY OF BATTER Y FOR THIS DISCHARGE 96,87 PSR~.. ENTTO TAL eATTEP Y VOLTAG E 5.893
INC IV ICUAL CELL VOL TAGES SPECIFIC GRAVITY

CELLS 1*~ **** 1.238
C ELLS 2 1.960 1.236
CELLS 3 1.920 1.231

END OF CHAS~~E eA T ERY ON -OP EN CI RCUI T
CHARGE NUMB~~P. 7
TOTAL BATTERY VOLTAGE 6.514
INC!VICUAL CELL VOLTAGEZ SPECIFIC G~ AV ITY

CELLS 1 2.171 1.273
CELLS 2 2.171 1.271
CELLS 3 2.171 1.271

DI ~C H4RGE NUMBER 8
DISC hA RG E CUR RENT 2.80 DU RATI O N OF D I S C H A R G E  6.60 HR.
RECORDED CELL 4 3

S T A R T  OF DISCHARGE BATERPY P&RA~~E~ E~~STOTAL BA T T ER Y VflL~~A GE 6.402
T N C ~ V~~CUAL CELL VCL A G ES SP EC~~FIC G R A V IT Y

CELL S 1 2.134 1.280
CELLS 2 2.134 1.283
CELL S 3 2 .134 1.280

THE RECORDED CELL CONTROLED THE DISCHARGE
END C~ OISC HA~ GE BA TTERY PA R AM E E ~ S
BATTERY CUTOFF VOLTAGE 5.12 REC, CELL CU~ IFF V-2L~~~GE 1.35C A PA C I T Y  CF BAT ~~ERY ~ ‘R THIS DISCHARGE 94.79 P C ~ NTOTAL BATT ER Y VOLTAGE 6. 176
INDIVIDUAL CELL V O L T A G E S  S P EC I F I C  G C A V ! T Y

CELL S 1 ~.060 1.22~- - 

CELLS 2 2.361 1.223
CELLS 3 2.055 1.230

DISCHARGE lU MBER 9
I DT S C H A Q G E  CURREN T 3,0’) OU?A !CN OF DISCHA RGE 6,57 H~~.SEC~~~OEC CELL 5 1

• ST A P .T  CF D ISCHA RGE BA’ E RSY PARAM ETEQ~TOTAL BA T E°Y VOLT A GE 6.660
L - I~J3IV ICUAL CFLL VOL TAGE S SREC~~F I C  G~ AV TY

CELLS 1 2.225 1.271
CELL S 2 2.221 1.270
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CELLS 3 2.221 1.271

END OF CISC HA~~GE BATT E RY ~A RAM T EF.~BATTER? CUTOFF V~ LTAGE 5.20 REC, CELL CUT)FF VOLTAGE 1,88
C A P A C I T Y  CF BA TTE RY FOR THIS DISCHARGE 103.22 PERCFNT
TOTAL eATT ER Y VOLTAGE 6.133
INDIVIDUAL CELL VOLTAGES S~~ECI F !C G R A V I T Y

CELLS 1 2.045 1.220
- CELLS 2 2.047 1,22Q
CELLS 3 2.039 1.23v

DISCHAR GE NUMBER 10
DISCHARGE CURREN T 2.89 DURATION OF DISCHARGE 6,37 HR ,
RECORDED CEL L 5 2
START OF DISCHARGE BA TE~~~Y PARA M ~~~E~~STOTAL BATTER Y VOLTAGE 6.576
IND IVI DUAL CELL VO LTAGES SPECIFIC GRAV ITY

CELLS 1 2.192 1,262
CELLS 2 2.192 1.261
CELLs 3 2.189 1.261

END OF DI~~CHARG~ BA TT~~RY ~A DA M TE~ S
BA*TES? CUTO FF VOLTAGE 5.10 ~~C. CELL CU DC F VOL~~~GE 1.89C A P A C I T Y  OF BAT T ERY FOR TH iS O SC r~A~~GE 94,86 ~E~ CE”TTOTAL BATTERY VCL~~&GE 6.177
INDIVI DUAL CELL VJL A GES SOECIF IC G~ AV! Y

CELLS 1 2.361 1.215
CELLS 2 2.361 2.061
CELLS 3 2.044 1,226

DISCHA RGE NU~~BE~ ii
DISCHARGE CURREN T 2.80 DUR ATI ON OF DISCHARGE 6,53 H~~.R E C O R D E D  C E L L  4 4
ST AR T CF D ISCH A RG E 8ATE.R~~Y PAR&ME T E~~S
TOTAL BATTERY VOL TAGE 6,477
INC IV ICUA L CELL VOLTAGES SPECIFIC GQ*VI Y

CELL S 1 2.168 1.251
CELL S 2 2.170 1.250
CELL S 4 2.136 1.265

~~~ ~~~~~~~~~~~ C L L  C T R~ L~~D TH~ D C H ~~R G~END OF D!SCHARGE BAT TERY ~A~~AMETEQSB A T T E P ~Y CUTO FF VOLTAGE 5.39 R~~C, CELL CUT ’~~~ V~ L~~~-~E 1.74CA ~’.A C I T Y  OF BAT T E R Y ~OR THIS c I S C H A R G F  54,54 RC~~N
TOTA L BA T T E R Y  V O LT A G E 5 ,884
INDIVIDUAL CELL VILlAGES SPECI ~!C GRAV I Y

CELLS 1 1,950 1.213
CELLS 2 1.968 1.209
CELLS 4 1.944 1.209

END OF CHARG E BAT~~EPY ON FI~j ISH!NG ~A TEC HA RGE NUMBER 11
TOTAL BATTERY VOLTAGE 7.950
Ir~JJ!V !CU4L CELL VOLTA GES SPEC!~~IC GRA VI TY

CELL S 1 2.660 1.275
CELL~ 2 2.660 1.272
CELLS 4 2.630 1.266

t ; DISCHA RGE NUMBER 12
J IE C HA RG E CU RRENT 2.80 OURA ION OF DISCHA RGE 6.22 HR.

T •
. R !CCRDEC CELL 4 1

START OF D!~~CHAR GE BAT E RRY DARA M E~ E P S
TOTAL BATTERY VOL AGE 6,448
INDIV ICUA L CELL VOLTAGES SPECI FIC GR~ VTT Y

CELL S 1 2.156 1.276
CELL~ 2 2.156 1.275
CELL S 4 2.134 1.268

2 2 6
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END OF DISCHARGE BA~~~ERY PA ME~~E~~BLT’E RY CUTOFF VOLTAGE 4.77 REC . CELL C’J’OFF VOL TA GE 1.90
CAPACITY O~ BATTERY FOR THI’~ DISCHARGE 89.27 PE~ CFNT
TOTAL BATTERY VOLTAGE 5.982
INDIVIDUAL CELL VOLTAG ES S~~EC !FIC GRAV!TY

CELL S 1 2.011 1.223
CELLS 2 2.014 1.223
CELLS 4 1.9~ 5 1.215

END OF CHARGE EAT ERY ON FINISHING PAT E
CHARGE NUMB~~P. 12T O TAL BATTE RY VOL~~AG E 7.951
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.654 1.261
A CELLS 2 2.636 1.260p CELLS 4 2.661 1.258

DISCHARGE NUMBER 13
DISCHARGE CURRErdT 2.33 DURA TION OF D SCH A~.GE 6.13 HR.
RECC RDE D CELL S 2
ST 4R OF D ISCHA RG E BA T E R RY  PA ~~.A U ETE R S
TOTAL BATT ER.Y VOLTAGE 63559
INDIV I CIJAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 ~.197 1.261
CELLS 2 2.195 1.260
CELL S 4 2.167 1.258

E~’ 0 OF D ISCHARGE BA T T E RY  P RAM E ERS
BA T T E R Y  CUTC~FF VO LTAG E 4, 85 R E C O  CELL CUT1~~F VOL AGE 1.90
CA °A C ITY O F BAT ERY ~C~-R THIS DISCHARGE 88.3-s PERCEN
~~TAL BATTERY VOL ?AGE 6,222
INDIVIDUAL CELL VCL AGES SPECIFIC GRAV ITY

CELLS 1 2.079 1.223
CELL S 2 2.079 1.215
CELLS 4 2.062 1.210

END OF CH A RGE BATTERY ON FIN!~~HING RA T E
C HA R GE NUMBER 13
TDTAL eATTEP .Y VOLTAGE 7.960
INDIVI DUA L CELL VOLTA GEF SOEC IFIC GRAV ITY

CELL S I 2.658 1.272
C E LL~ 2 2.643 1.263
CELL~ 4 2.659 1.253

DI~~CH A PGE NUMBER 14
DISCHARGE CURRENT 2.-B) DU R ~~~!ON OF D I S C H A R G E  6 .25 H°~,REC O RDED CELL 4 4
START OF DISCHARGE BA TESRY DA RAM E TER S
TO TAL BATT E RY VOLTAGE 6.486
! ND ~ V ICUAL CELL VOLTA GES SPEC IFIC GRAVITY

CELL S 1 2.171 1.265
CELLS 2 2.169 1~~270
CELLS 4 2.146 1.271

~HE R ECO R DED CELL CONTROLED T~~E D I S C HA R G E
END OF DISCHARG E B A T T E RY  P A R A M E T E R S
-SAlTER? CUTOFF VOLT AGE 4,87 R E C O  CELL C’J~ DF~ V~~L~~~GE 1.1)
CA DAC ITY OF BATT EP Y ~OR T HIS DISCHA ~~GE 89.76 PERCEN ~T~~TA L BATT ER Y VOL ’AGE 6.214
INJ IV ICUA L CELL VOL AGES SPECIF !C G~ A V i T Y

CELL S 1 2.075 1.22)
C~ LL* 2 2.375 1.222
CELL S 4 2.063 1.210
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END OF C H A R G E  B AT T E R Y  ON FINISHING RA T E
CHA °GE NUMBER 14
TOTAL BATTERY VOL~~AG E 7.951
INDIVIDU AL CELL VOLTAGE S SPECIFIC GRAVITY

CELL S 1 2.658 1.260
CELL S 2 2.642 1.260
CELL~ 4 2.651 1.250

DI SCHARGE NUMBER 15
DISCHARGE CUPREN~ 2.80 DURATION OF DiSCHA RGE 6.32 HR .
RECORDED CELL ~ 1
START OF DISCHARGE B4TERFY PAP A~~~ E~ STOTAL BATTERY V OLT~ GE 6.738
INDIVIDUAL CELL VOLTAGE S SPECIFIC GRAV ITY

CELLS 1 2.254 1.260
CELLS 2 2.249 1.260
CELL S 4 2.235 1.260

END OF DISCH A RGE BA T T E R Y  ~ A P A M E ERS
BATTERY CUTO FF VOLTAG E 4.75 REC . CELL CUTOFF VOL~~~~E 1,89CAPA CITY CF BATTERY FO ° THIS DISCHAR GE 93.71 °ESC E~ TTOTAL EATTERY VOL AGE 6.209
iNDIVIDUAL CELL VOVAGES SPECIFIC GRAVI TY

CELLS 1 2.076 1.205
CELLS 2 2.075 1.217
CELLS 4 2.058 1.2~0

END OF CHAR GE BATT ER Y ON FINISHING PA T E
CHA RGE NUMBER 15
TOTAL BATT ERY VOLTAGE 7.945
IN DIVIDUAL CELL VOLTAGES SPECIFiC GRAV ITY

CELLS 1 3.656 1.273
CELL S 2 2.639 1.270
CELLS 4 2.649 1.264

DISCHARGE NUMBER 16
DISCH AR GE CURR EN 3.60 DU RA T IO N OF D I S C HA R G E  4.53 HR.
R~~C CRDED CELL 4 2
STA RT CF DISCHARGE BAI E RRY P A R A M E T E R S
T O TA L BATTERY VOLTAG E 6.602
INDIV IDUAL CELL V O L T A G E S  S P E C I F I C  G RA V I T Y

CELLS 1 2.205 1.273
CELL S 2 2.204 1,273
CELL S 4 2.186 1.264

THE REC O PDE CELL CON~~ROL ED H.S D ISCHARG E
E~~D OF DISCHARGE BA TTERY PASA ~~ETE PSBA T T E R Y  CUTJ FF v O L T A G E  5.35 REC. CELL CUT O FF V O L T ~ GE 10 5- )
CA PA CITY OF BATTERY FOR THIS DISCHA RGE 90.43 PERCENT
TO TAL BATT ER Y VOLTAG E 5.861

j i~’CIV ICUAL CELL VOLTAGE S S~~EC! F I C  G R A V I T Y
CELL S 1 1.995 1.205
CELL S 2 1.915 1.200
CELLS 4 1.968 1.203

END OF CHARGE 8AT
~~ERY IN FINISH ING R A T E

CHA R GE NUMBER 16
T~~~AL BATTER Y V O L TA G E  7.962
IND IV IDUAL ELL VOLTAGES SPEC IFIC GRA V I Y

CELLS 1 2.673 1.270
C ELLS 2 2.609 1.253
CELL S 4 2.680 1.270

DISCHA RGE NUMBER 17
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DISCH A RGE C~J RREN 2.93 DUP ATIflN OF DISCHARGE 6.80 H~.RECORDED CEL L 4 4
STA RT OF DISCHA RGE B A T E R PY  P A P A M E ~~ERS
TOTAL EA TER Y VOLTAGE 6.547
INOIV IC IJAL CELL VOLTAGES SPECIFIC GRAV ITY

CELLS 1 2.184 1.270
CELLS 2 2.190 1.256
CELLS 4 2.173 1.269

END CF DISCHARG E BA~ T ERY ~~RAME T ER S
BATTERY CUTOF F VOLTAGE 4.80 SEC. CELL CUTOFF VOLTAG E 1.72
CA PAC!TY OF BAT ERY FOR THIS DISChARGE 97.ó6 PERCE’4
TOTAL BATTERY VOLTAGE 6.154
INDIVIDUAL CELL VOLTAGES SP~~CIFIC GRAV ITY

CELLS 1 2.062 1.212
CELLS 2 2.047 1.207
CELLS 4 2.044 1.212

DISCHAR GE NU MBER 18
DISCHARGE CU RRENT 2.R0 OUPA TI-ON CF DISCHA RGE 6.62 HP ,
RECORDED CELL 4 1
START ~~F DISCHARGE SAT ~~~SY P&P A M E~ ERS
TO TAL 2ATTESY V~ LTAGE 6.520
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV ITY

CELL S 1 2.180 1.268
CELL S 2 2.177 1.266
CELLS 4 2.162 ~.258

END OF DISCHARGE BAT T E RY PA RAM E TERS
BATTERY CUT O FF V O L T A G E  4. 32 RIC. CELL CUT O FF V O L~~~G~ 1.B7
CA PACITY CF BATTERY FOR THIS DISCHA RGE 95,)1 PERCE~’~TOTAL BATTER Y VOLTAG E 5.972
INDIVIDUAL CELL VOL TAGES SPEC IFIC GFAV~~~YCELL S 1 2.001 1.216

CELL S 2 1.978 1.212
CELL S 4 1.983 1.207

END OF CHARG E BA TTERY ON FINISHING P4~~ECHA RGE NUMB- B R 18
TOTAL BATTERY VOLTAGE 7,960
IND IVIDUAL CELL VOL TA GES SPECIFIC GRA ’/ITY

CELLS l*****~ 1.279
CELL S 2*~ *~~~ 1.28C
CELL S 4 2.670 1.271

‘JISCHARG ~ NU~~~ER 19
‘j!SCHA RGF CURPENT 4.50 DUF ATI~~N OF D T~~C~~A~~G~ 3.67 HR.• RECCRDFC CELL 4 2 

- -

ST .ART ~F DISCHAQGE BA TERRY DA RA M E TER S
TOTAL BATTERY VOL’AGE 6,447
INDIVI DUAL CELL VOL TAGES SDEC !FIC GRAVITYt CELLS 1 2.154 1.278

CELLS 2 2.153 1.278
CELL S 4 2.139 1.275

• END OF DISCHARGE BATTER Y ~ARA M E TERS9ATTERY CUTOFF VOL~~~GE 4,77 REC, CELL CUTOFF V-OL~~~GE 1.88C A °A C I T Y  CF BA T T ERY FOR THIS D I S C HA R G E  98.~~2 PE~ C~~-J~T~ TAL BATTERY VOLTAGE 6.009
P • INDIVIDUAL CELL VOLTA GES SPECIFIC GRAVI TY

CELLS 1 2.015 1.215
CELLS 2 2.009 1.220
CELLS 4 1.988 1.215

END CF CH~ RGE BA TTERY O’t F !NIEH’NG RA TE

229

~ 

-~~~~~~~ -~~- ---• —-— - ~~~~~~~~~~~~~~~~~~~~~~~~~ _- .  -



CHARGE NUMBER 19
TOTAL BAT T ERY VOL TA GE 7.927
INDIV I DUAL CELL VILTAGE~ SOEC IFT.C GPAV ’TY

CELLS 1 2.653 1.277
• CELL S 2 2.621 1.259

-

• CELLS 4 2.652 1.273

D!~~CHARGE NUMBER 20DISCHA RGE CURRENT 3.60 DURATION ~ F OISCH~~ GE 4.77 HR.
RECORDED CELL 4. 4
START OF DISCHARGE B 4 T E R RY  QA P4 M ET E RS
TOTAL BATTERY VOLTAGE 6.450
INDIVIDUAL CELL VOLTAGES SPECIFIC GRA VITY

• CELL S 1 2.156 1.282
CELLS 2 2.153 1.281
CELLS 4 2.139 1.276

THE RECORDED CELL CO~4TROLED THE DISC HARGE
END CF DISC HARGE BATTERY PARAMETERS
BATTEQY CUTOFF VOLTAG E 4.39 R~~C. CELL CUTOFF V~ L~~ GE 1.52
CAPAC ITY fl~ BATTERY FOR THIS DISCHARGE 95.13 PE RCENT
TO TAL BATTERY VOLTAGE 6.151
INCIV ICUA L CELL VOLTAGES SPECIFIC GRAV ITY

CELLS 1 2.056 1.233
CELLS 2 2.051. 1.223
CELLS 4 2.042 1.226

END OF CHARG E BATT ER Y ON FIN ISHING RATE
CH AR GE NUM 3ER 23
TOT AL BATTER Y VOLTAGE 7.971
IND IVI DUAL CELL VOLTAG ES SPECI FIC GRAV ITY

CELLS 1 2.664 1.279
CELLS 2 2.634 1.282
CELL~ 4 2.663 1.276

DISCHARGE NU MBER 21
DISCHARGE CURRENT 2.80 DURATION OF DISCHARGE 6,58 HP,
pECr RD~~C C~~LL 4 5
START CF DISCHARGE BA~~ERS Y PARA ~1ETERSTO AL BATTERY VOL TAGE 9.903
INDiV IDUAL CELL VOLTAGES SPECIFIC GRAV ITY

CELL S 1 2.198 1.278
CELLS 5 2.215 1.270
CELLS 4 2.190 1.275

THE RECORDED CELL CO~~ ILED THE DISCHA RGE
* END OF DiSCHA RGE BATTERY PARA M ETE R S

BATTERY CUTOFF VOLTAGE 4,78 R ! C O  C E L L  CUTO ~~ V OL A O~ 1.27.
CA ? ~ C IT Y  CF BAT ~~ERY FOR THIS DISCHARGE 94.54 PE RCE NT
TOTAL BATTER Y VOLTAGE 6.008
INDIVIDUAL CELL VOLT AG ES SPECIF IC  G R A V I T Y

CELL S 1 2.031 1.235
CELLS 2 1.969 1.223
CELL S 4 2.008 1.225

END OF CHARG E 3ATTEFY ON FINISHING F4 T E

C H A R G E  NU M B E R  21
TOTAL BATT ER Y VOLTAGE 7.929

p IF’~DIVID (JAL CELL VOLTAGES SPECIFIC GR A VI TY
CELL S 1 2.653 1,279
CELL S 5 2.630 10270
CELL S 4 2.651 1.271

D I S C H A ~~G~ NU MBED 22
DISC HARGE CUPQEN~ 2.30 OUA A~~~rN OF DISCHA RGE 3.~~8 )-R,
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Il~~~~~~~~ - --- —- - -* —-- - - - - - -•- - -— —- - -
-



= REC O RDED CELL ~START OF DISCHAR BA ESRY PARAMETE RS
TOTAL BATTER Y VOLTAGE 6,6~ 2INDIVIDUAL CELL VOL TAGES SPEC IFIC GRAV ITY

CELL S 1 2.232 1,279
CELLS 5 2.194 1.270
CELL S 4 2.216 1.271

END OF DISCHARGE BATTER Y PARA METERS
BATTERY CUTOFF V 1LTAGE 4~ 69 S E C O  CELL CUT3F~ VOLTAGE 1,86
CAPACITY flF BATTERY FOR THIS DISCHARGE 89,71 PERCEN
T O T A L B A T T E R Y  V~ LTAGE 5.855
INDIV IDU~ L CELL VOLTAGES SPECIFIC GRAVI TY

• CELL S 1 1.669 1.229
CELL S 5 1.914 1.226
CELL S 4 1.972 1.223

END OF CHARGE BATTERY ON FINISHING SATE
CHARGE NUMBER 22
TOTAL BATT ER Y VOLTAGE 8.021
INDIVIDUAL CELL VOL TAGES SPECIFIC GQAV :~~YCELL S 1 2.670 1,278

CELLS 5 2.669 1.264
CELL S 4 2.680 1,274

DISCHA RGE NUMBER 23
OISCHAR GE CURREN~ 2.60 DUSATIc,N OF DISCHARGE 6,38 HR .
RECORDED CEL L S 5
START OF DISCH4PGE BATEPRY PARAM ETERS
TQ AL ~A7TERY VOLTAG E 6.629
I~-CIV !CUAL CELL VOLTAGEE SPECIFIC GPAV ITY

CELLS 1 2 .232 1.278
CEL ’_ # 5 2.197 1.282
CELLS 4 2.224 1.282

THE RECORDED CELL CONTROLED THE D SCHAPGE
END OF DI~~C~~ARG E BATTERY QA RA ME~~ERS
BATTERY CUTOFF VOLT AGE 4,~~0 SEC. CELL CUT~~F~ V L T A ~~E 1.2!)
C A PA C I T Y  OF BATT ERY FOR THIS DISCHAR GE 89.73 PE~ C
TO AL BAT TER Y VOLTAGE 6.066
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV~~~YCELLS 1 2.044 1,232

CELL S 5 2.006 1,245
CELLS 4 2.046 ~.242

~ND OF CHARGE BATTE~ Y ON FINISHING RATE
C HAR GE N U MB R 23 

-

T OT A L  3ATTERY VOLTAGE 8,010
IN IV IDUAL CELL V O L T A G ES  SPECIF IC  G R A V I T Y

* CELLS 1 2.672 1.279
CELLS 5 2.655 1.283
CELL~ 4 2.686 1.284

DISCHA RGE NUMBER 24
OI~~CHASGE C’JRRE~~ 3.50 DURA ION O F DISC HA RGE 4.92 HP,
RECORDED CELL 4 1
START OF DISCHARGE BATES PY PA RAM E E~~Sv TOTAL 6ATT E~ Y VOLTAGE 6,647
INDIVIDUAL CELL Vc-LTAGES SPECIF IC GRAV ITY

CELL S 1 2.221 1.279
CELL S 5 2.200 1.279

r CELLS 4 2.226 1,279

END OF DISCHARGE BATTERY 7 A S 4 M~~T E~~S
BA TTERY CUTrFF V~ LTAGE 4.70 REC . CELL CUT F~~ V L T A ’ ~~ 1.35

4
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CAPACITY OF BATTERY FOR THIS DISCHARGE 94.57 PE~ CE~~TOTAL BA TTER Y VOL TAGE 5,958
INDIVIDUAL CELL VOL TAGES SPECIFIC GQA V TY

CELL S 1 2.001 1.202
C ELLS 5 1.645 1.247
CELLS 4 2.035 1.250

END OF CHARG E BATTERY ON FINISHING RATE
CH AR GE NUMBER 24
TO AL BATTER Y VOLTAGE 7.998
INDIV IDUAL CELL VOL TAGES SPECIF IC GRAV ITY

CELL~ 1 2.668 1,282
CELLS 5 2.647 1.280
C ELL S 4 2.681 1.280

D I S C H A R G E  NU M 8ER 25
DISCHARGE CURREN ’ 3.33 DUSA~~ION OF DISCHAR GE 6.13 H~ .RECORDED CELL 4 4
START CF DISCHARGE BA TESR Y PA RAME TERS
TOTAL BATT~ PY VOL AG F 6.586
INDIVI DUA L CELL VOLTA GES SPECIF IC GR AV ITY

CELLS 1 2,213 1.282
CELL S 5 2.191 1.280
CELL S 4 2.209 1.280

ND ~ F DISCHARG E BATTERY ?AR &M~ ’ERS
3ATTERY CUTO FF V~ LTAGE 4,65 R E C O  CELL CUT ’~~P V-~L~~~GE 1.86C4~~4C I T Y  C~ BAT TER Y FOR THIS DISCHAR GE 95.89 PE~ C~ ’-~TTOTAL BAT~ EPY VOL TAGE 6,232
IN D IVIDUAL CELL \/OLTAG ES SPECIFIC GRAV ITY

CELLS 1 2.077 1.240
CELL S 5 2.071 1,238
CELLS 4 2.084 1.245

END O~ CHARG E BATTEF Y ON FINISH I NG SATE
CHARGE NUMB ER 25
TOTAL BA TTERY VOLTA GE 7,913
INO V !DUAL CELL VOLTA GES SPECI~~IC GRAVI TY

C E L L ~ 1 2.650 1.276
CELL S 5 2.627 1.274
CELLS 4 2.66~ 1.283

DISC HARGE NUMBER 26
D~ SC~~A R G C CJRRE NE 4,70 DUQ~~TT~~N ~ F D1SC HARG ~ 3.5~ ~~.R E C O R D E D  C E L L  ~ 1 

-

ST ART OF DISCHARGE 84~~ERPY 
P~~~~~~~ 1 S

TO TAL BATT ER Y VOLTA GE 6.675
I’~ICIV !CUAL CELL VOLTA GES SPECIFIC G~ 4VI Y

CELL S 1 2.23a 1,276
• CELL S 5 2.211 1.274

CELLS 4 2.232 1.280

E~J D OF D ISCHARGE BAT ~~ERY PA P A M E ERS
~A 7TERY CUTOFF V~ LT AGE 4.80 REC , CELL CUTJ~~F V’L~~~~E 1,34OA PAOI~~Y CF BATTERY FOR THIS DISCHA RGE 1~ 0.30 ~E~~

Cc’ T
TO~~AL BA TTERY VCLTAc•E 5,904
I~~DIV~ DUAL CELL V2L~~AG E~ SDECIFIC GR AV IEY

~ELL4 1 1.976 1,246
CELL S 5 1.927 1.242
CELL S 4 1.982 1.247

END ~F CHARG E 8A~~~ERY r~j FT~~!SHTNG PA TE
oH~ R ; E  NUM BER 2~T~~T A L BAT T E~ Y VOL AG E 7 .622
:M DIV Ic-UA L CELL VO LTA GES SPECIFIC GRAV ITY

2 3 2
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CELL S 1 2.663 1.282
CELL S 5 2.679 1.252
CELLS 4 2.672 1.278

DISCHA PGE NU MS ER 27
DtSC HARGE CURRENT 3.00 ~)URATIO’1 OF DISC HARGE 6,37 HR.
RECORDED CELL 5 5
START OF DISCHARGE ~A TERRY P~ SA ME’ERS
TO TA L BATTER Y VOL TA GE 6 .648
INDIVIDUAL CELL VOL TA GES SPECIFIC GRAVITY

CELLS 1 2.209 1.282
CELLS 5 2.252 1.282
CELL S 4 2.205 1.278

THE RECrRDED CELL CDNT RtJLED TH~ DISCHARGE
END OF DISCHARGE BA7~~ERY PAS4M ~~~ERS
BA~~~ER Y CUTOFF VOLTAGE 4.73 REC, CELL CUTOFF VOLTAGE 1,15
CAPACITY OR BATTERY FIR THIS DISCHARGE 95.36 P~~~~~NTOTAL BATT ERY VOL AGE 6.043
INOIV ICUAL CELL VOLTAG ES SPECIFIC G~ A V I T Y

CELL S 1 2.015 1.231
CELL S 5 2.005 1~~236CELLS 4 2.029 1.238

~ND OF CHARGE BATTESY J~i ~ IN~ EHtNG R A E
CHAP G F NUMB FR 27
TO TA L BATT ERY VOLTA 3E 8,135
INDIVID UAL CELL VJLTAG~~S S R E C I ~~IC G~ AV~~~VCELLS 1 2.706 1.276

CELL S 5 2.704 1,27’?
CELL S 4 2.726 1.276

DISCHARGE NU~~8ER 28DIRCHA SGE CURREN T 2.10 DURAT iON CF C!SCHARGFI3.15 HR .
R E C O R D E D  C E L L  4 1
STAR T CF DISCHA RGE BATER RY ~A R A 1 E E~~ST~ TAL EA TTED Y V~ LT4GE 6.793
14’IC IVIC tJA L CELL VOLTAG ES SPEC IF IC GRAV ITY

C E L L ~ 1 2.263 1.276
CELL~ 5 2.260 1.279
CELL S 4 2.287 1.276

END -DF OIS H.A R G E  B A T T E R Y  P4~~A ME7E~~5
BATT E~~Y CUTC F~ V 6LTAGE 4.73 REC . CELL CUTOCF V L ~~~3E 1.74C A PA CI TY ~ F BAT E~ Y ~IR -‘IS DTSCH~~~G~ 103.03 P~~R’~~TO TAL BATTERY VOLTAGE 6.013
IN DIVI DUAL CELL VOLTAGES S~~EC tFIC GPAV I~~YCELL S 1 2.004 1.235

CELLS 5 1.990 1.236
• CELLS 4 2.016 1.240

E~’O OF CHARG E BAT~~EPY ON FINIS ING RA T E
I ~. Ci-~ RGE NUMBER 28

TOTAL eATT ER Y VOL TAGE 7,956
p I~~OIV !CU4L CELL VOLT4GE~ S~~EC!FIC GRAV~ TY

CELLS 1. 2.653 1.282
CELL S 5 2.635 1.286
CELL S ‘~ 2.665 1.292

f 
~ D ~C HA ~~~E NUMR ER 29

J ~O H A — ~~E CUR~~EN 3 .4)  DUSATIO ~ ~ F D S C HAR G E 0.~ HR.• 
~ECO°O !C CELL S I
~~~~~ F D I S C H A R G E  B A E ~~RY  PA PA ~~~T~~RS
Tr~~~L eA TT EF~Y VOL AGE 6,727

4 iN DIVI DUA L CELL VOLTAGES SPECI F IC GRAV I Y

2 3 3
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CELLS l 2.243 1.282
CELLS 5 2.230 1.286
CELLS 4 2.248 1.292

HE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCH AR GE BATTERY DARA METEP
BATTERY CUTOFF VOL TAGE 0.~ Q E C O  CELL CUTOFF VOLTA GE 0.0
CAPACITY OF BATT~RY FOR THIS DI SCHA RGE 0.3 PERCEN
TOTAL BATTERY VOLTAGE 5.909
INDIVIDUAL CELL V O LT A G ES  S P E C I F IC  GRAVITY

CELLS 1 1.965 1.238
CELLS 5 1.951 1.241
CELLS 1 1.983 1.241

END OF CHARG E BATT ERY O~’ FINISHING SATE
CHA RGE NUMBER 29
TOTAL BATT ER Y VOLTAGE 80006
INDIVIDUAL CELL VCVAGES S~~EC1 FtC GRAV ITY

CELLS 1 2.665 1.282
CELLS 5 2 .652 1.283
CELL S 4 2.682 1.290

DISC HARGE NUMBER 30
- DISCHARGE CUPREN 3.00 DU~ ATZ3N -OF OlSCHA ~~GE 5.53 HR.

R~ CGRDEC CELL 5 1.
S T A R T  CF DISCHA RGE BATERR Y PAQ A~ ETESS
TOTAL BATTERY VOLTAGE 6.741
INDIV IDUA L CELL VOL TAGES SPECIFIC GRAV ITY

CELL S 1 2.245 1.282
CELLS 5 2.239 1.283
CELLS 4 2.257 1.293

E~ D OF D I S C H A R G E  8ATTER Y P A R A ~~ETER3BA TTERY CUTOFF VOLTA GE 4.84 REC . CELL CU JFF V~JL AGE 1,75
CAPACI TY OF BA TTERY F D2  THIS D I S C H A R G E  86 .98 P ERCE NT
TOTAl BATT~ RY VOl TAGE 6.059
INC IV ICUA L CELL VOL~~~GES SPEC IFIC G °AV ITY

CELL s 1 2.018 1.236
C E LL S 5 2.309
CELLS 4 2 .332 1.240

END O F CHA RG E BATT EP Y ON ~ IN!SH!NG R A T E
CH-~RGE NUMBER 3)

- = TC~~.AL BATTE R Y VJLT AG E 8,035
I~’O!VICUAL CELL VOL AG~~S SDECI FIC GRAVITY

C- LLS 1 2.671 1.2-92
CELL S 5 2.666 1.274
CELL S 4 2 .696 1.286

D I S C H A R G E  NUMBER 31
JISCHA~~GE C UR ~~ENT 3.0) DURATION OF 2-ISCtiAR GE 6.48 HR .
R E C C~ DED CELL S 1
ST ART CF DISCH4~ GE BA TERRY PAR A M ETFRS
TC~~~L EATT E~~Y V ’O L A G E 6 ,723
INDIVI DUAL CELL VOL AGES SPECIFIC GSAv~ T Y

CELLS 1 2.240 1.282
-
‘ CELL S 5 2 .229 1.274

C E L L S 4 2 .263 1.286

HE R ECORDE D CELL CON~~RDLED THE DISCHARGE
- - END OF DISC HARGE BA T T E R Y  PAPA (~

4
~~~~~S

3ATT ~~RY CUTOF F V~ LTA GE 4 ,56 REC. C~~LL ~~~~~~~ V~~L - ’ E  1.4~CA PACITY OF BATTERY FIR THIS DISCHA ~~GE 131,91 p : E ~
—

T~~~AL BATTER Y V O L T A G E  6.009
iN D IVI DUAL CELL VOL TA GES SPECI F IC GRAV ITY
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CELLS 1 1.998 1.240
CELLS 5 1.995 1.240
CELLS 4 2.016 1.241

END OF CHARGE aATTEPY ON FINISHING R A E
CHARGE NUMBER 31
TOTAL BATTERY VOLTAGE 8.037
INDIVID UAL CELL VOLTAG ES SPECI FIC GRAVITY

CELLS l 2.674 1.280
CELLS 5 2 .667 1.283
CELLS 4 2.695 1.289

DI SCHARGE NUMBE R 32
• D ISCHARGE CUPPEN~ 3,90 DURATI O N OF DISCHAR GE 4.78 H~~.RECcRDEC CEL L 5 5

START CF DISCHARGE BATER PY PAR AME TERS
TOTAL BATTER Y VOLTAGE 6.511
INDIVIDUAL CELL VCL 7A ES S~~E C ! F I C  G~ AV ITY

CELLS 1 2.176 1.276
CELLS 5 2.156 1.278
CELLS 4 2.175 1.282

TH~ RECORDE~ ~~ LL CONTROl ~D ~~HC DISCHARG~END OF DISC HA RGE BAT TERY °ARAM E~~ERS
BATTERY CUTOF F VOLTAGE 4.69 QEC. CELL CUTJFF VOL AGE 1.13
CA PACI Y OF BATTERY FOR THIS DISCHAR GE 106.32 PESCEN
TOTAL BAT TE RY V O LT AGE 6 .059
INDIVIDUAL CELL VOL TA GES SPECIFIC GRAV I Y

CELLS 1 2.019 ~.243CELL S 5 2.006 1.240
CELLS 4 2.330 1.242

END OF CHARG E BAT TERY ON FINISHING R A E
CHARGE NUMBER 32
TOTAL BATTER Y VOL TAGE 8,092
INCIV!CUAL CELL VOL TAGES SPECIFIC GR~~V !TY

CELL S I 2.685 1.276
CELL S 5 2.734 1.276
CELL S 4 2.703 1.277

DISCHA RGE NUMEE 33 -

DISCHARGE CURREN T 3,)) DUP4TI ’~ O~ DISCHA RGE 5~ o5 HQ ,
RECORDED CELL S I
ST A RT ~ F DISCHARGE B4 ERRY PA C&METE~~STO T AL B A T T E R Y  VOLTAGE 6.680
!NDIV ICUAL CELL VOL14GE~ SPECIFIC G~~ V I Y

CELL S 1 2.213 1.276
- 

- CELLS 5 2,704 1.276
= CELL S 4 2 .733 1.277

T PC 
~ECCR DE C CELL CJN ROL~~C THE OICCHA PGF

END OF DISCHARGE B A T T E R Y  PAR A M ET E FS -

BA TTERY CUTOFF VOLTAGE 4.60 SEC, C~~LL C U O F VOL 1.13
CA PA C~~~Y ‘OF BAT T ER Y FIR THIS DISCHARGE 104.54 P C E ~~T O TA L BATT ERY VO L A GE 5 .800
IND IVIDUAL CELL VOL TAGES SPECI FIC GRAV ITY

CELL S 1 1.914 1.240
C ELLS 5 1,929 1.240

• CELL S 4 1.957 1.241

END OF CHARG E BATTER Y ON FIN ISHING RA T E
ChA RGE NU~ BE~ 33
T OTAL  BATTERY VCL~~A G E 7,953
INDIVIDUAL CELL V O LT A G E~ S P E C I F I C  G R A V i T Y

CELLS 1 2.649 1.292
; -,

2 3 5
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CELLS 5 2.64C 1,288
CEL L~ 4 2.664 1.293

DISCH ARGE NUMBER 34
DISC HA RGE CURR ENT 3.00 DURATIO N OF O SOHA RGE 6.30 HR.

“ R~ C DRDE D C L L  5 5
STA RT C~ DISC HAROE BATERP •Y PAP4METE~~STOTA L BAT T ERY VO LT 4 GE 6 .693
INDIVIDUAL CELL VOL TAGES SPECI FIC GRAVITY

CELLS 1 2.239 1.292
CELLS 5 2.234 1,288
CELLS 4 2.247 1.293

• END OF DISCHARGE BATTERY PARAM E~~ESS• BATTERY CUTOFF V~LTA GE 4.51 REC . CELL CUTOFF VCLTA GE 1.76
CAPACITY OF BATT ER Y FOR THIS DISCHARGE 99.03 PERC5N~TOTAL BA TTERY VOLTAGE 6,146
I N D I V I D U A L  C E L L  V DL~~AG ES S PECIF I C  G RA V ITY

CELL S 1 2.043 1.240
CELLS 5 2.315 1.240
CELL S 4 2.057 1.240

END OF CHARGE BAT ERY ON FINISHING RATE
CHA RGE NUMBER 34
TOTAL BATTERY VOLTAGE 8.043
INDIVIDUAL CELL VOLTAGES s pEC: FIc  G R A V I T Y

CELL S 1 2.676 1.286
CELLS 5 2.671 1.280
CELLS 4 2.697 1,295

DISCHA RGE NUMBER 35
DI SCHAR GE CURR ENT 3.90 DURATION OF DISCHARGE 4.52 HR.
R ECORDED CELL 5 1
S T A R T  CF DISCHA ~ GE P4 T E P RY  PA PAM E ~ ERS

• TOTAL BAT TERY VOL T A GE 6,635
INDIV IDUAL CEI L VOL T AGES SPECI F IC  G R A V I T Y

CELL S 1 2.214 1.286
CELLS 5 2.199 1,280
CELLS 4 2.222 1.296

THE RECORDED CELL CONT2-JL~~D TH D I S C HA R GE
END OF DISCHARGE BA TT ERY PA R A M ET E R S
BA TTERY CUTOFF VOLTA GE 5.40 REC, CELL CUT~~FF V-JL AG E 1,80
CA PACI TY OF BATTER Y FiR THIS DISCHA RGE 130.11 2ERC3~ TTO TAL EA TE°Y Vn ITAGF 5.063
INDIVIDUA L CELL ~CLT~~GES 5~~E C I F I C  G R4V! v

CELLS 1 2.315 1.245
CELL S 5 2.015 1,245
CELL~ 4 2.027 1.242

END OF CHARG E BATTERY ON FiN ISHING °A~~ECH A RGE NUMBCR 35
T O TAL BA T TE R Y V OL T AGE 7o990
INDIV!CU A L CELL VOLTAGES S P E C I F IC  G R A V t T Y

C ELLS 1 2.662 1.279
CELL S5O 2.650 1.280

- : C ELLS4 O 2 .678 1.284

DISCH AR GE NUMBER 36
OI SOHAP -GE CURRENT 3,00 DUR4TI~~N OF DtSCrI %RGE 6.23 H R .

r- RECORDED CELL ~ 1
ST A RT OF DISCHARGE 3A T ERRY P~~~A M E~~E PS
TOTAL BATT ER Y VOLTAGE 6.743
I r iO !V ICUA L  CELL V J LT~~G ES S°ECIF !C G RA V I T Y

CELLS 1 2.272 1.279

t -
~i=

3

2 3 6

-

~~~~~~~~~~~~~ 

~~~L~~T~~T i



r

CELL S 5 2.264 1.280
CELLS 4 2.207 1.284

THE RECOR DE D CELL CO-NIROLED THE D ISCHA RG E
END OF DISCHAR GE BATTERY PARA M ETERS
BA TTERY CUTOFF VOLTAG E 4,54 SEC. CELL CUT1FF VOLTAGE 1.00
CAPACI TY OF BATTER Y F-O R THIS DISCHARGE 97.46 PE~ CEN TTCTAL BAT TER Y VOLTAGE 5.981
INCIV ICUAL CELL VOL AGES SPECIFIC GRAV ITY

CELLS 1 1.976 1.241
CELLS 5 1.995 1.241
CELLS 4 2.002 1.243

- 

• END OF CHARGE BATT ERY ON FINISHING RA T E
CHARGE NUMBER 36
TOTAL BATTER Y VOLTAGE 8.036
INDIVIDUAL CELL VOLTAGES SD!C!FIC GRAV ITY

CELLS 1 2.674 1,272
CELLS 5 2.669 1.282
CELLS 4 2.693 1.278

DiSCHAR GE NUMBER 37
DISCHARGE CURRENT 3q33 - DURA ION OF DISCHARGE 6 .22 HR .
RECORDED CELL ~ 1 -

START CF D I S C H A~ GE BAT ERRY PAR4’.~E~ E R S
T OTA L BATTERY V O LTAG E 6.540
INDIVIDUAL CELL VDLT~~G ES SPECIF IC  GP~~V I T Y

CELL S 1 2.184 1.262
CELL S 5 2.167 1.272
CELL S 4 2.189 1.268

THE RECORDED CELL CONTROLED ?HE CISOHARGE
END OF DISCHAR GE BATT ERY PA R E~~E~ S
~~ T~~Ep? CUTC-F F V ILlAGE 4 .60 REC, CELL CUT O FF V LTAG E 1,05
CA PACFY OF BATTERY FOR TH!S DISCHARGE 97.71 PERCEN
TO TAL BAT TE RY V ) L~ AG E 5.219
!NDIV ICUA L CELL VOL TAGES S P EC I F I C  G R A V I T Y

CELL S 1 2.067 1,240
CELL S 5 2.082 1.243
CELLS 4 2.074 1.241

END CF CHARGE BAT TE RY IN FINISH ING R A T E
C HARGE NUMBER 37
T OTAL BATTERY V O LT AGE 8.080
INDIVIDUAL CELL V O L A G E S SPECIF IC  G RA v I T Y

CELLS 1 2 .676 1.276
CELL S 5 2.é82 1.253
CELL

~ 
4 2.702 1.282

DI SCHARGE N’J MBEP 38
DISC HARGE CURREN T 3.03 DURATION OF D IS C HA RG E 6.~~5 H P ,
S~ C~ ROCD CELL 5 1
Sf~r~T CF DISC HA °G E BA T E PRY PAP ~ i E E ~~S

t - TOTAL BATTER Y VOLTAGE 6.520
INDIVI DUAL CELL V O L T A G E S  S P E C I F I C  G R A V I T Y

CELL S 1 2.171 1.266-• CELL~ 5 2.174 1.470
CELLs 4 2.175 1.272

THE R E CORDED CELL CO NT RO LE D HE DIS CHARG E
CND CF DIS C HA RG~ 3AT ~~ERY PA P A ~4 F FD~BA T T E RY  CUT O FF V O L T A G E  4 ,58 REC. CELL CUT’~~ V C LT~ GE 1021
C A ° A C I~~Y OF BATTERY FO R T HIS DISCH AR GE 101.39 P C E ~”L TOTAL BATTER Y V~ LTAGE s.214
INDIVICU4L CELL V O LT~~GES S P E C I F I C  G R A V I T Y

2 3 7
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- - - - - -- -• - - - C ELLS 1 2.0o5 1.250

CELLS 5 2.073 1.245
CELLS 4 2.076 1.250

END OF CHARGE BATT ERY ON FINISHING R A T E
• CHARGE NUMBER 38

TOTAL BATTERY VOLTAGE 8,010
INDIVI CUAL CELL VOLTA GES SPECIFIC GRAVITY

CELLS 1 2.663 1.285
CELLS 5 2.665 1.279
CELLS 4 2.676 1.284

DISCHARGE NUMBER 39
.1 DISCHARGE CURRENT 3.00 DURATION OF DISCHARG E 6.55 HR .

RECCRDEC CELL 5 5
STAR.T CF DISCHA RGE BATERSY PARAMETERS
TOTAL BAT T ERY V OL A G E 6.484
iNDIVI DUAL CELL VOLTAG ES SOECIF!C GRAV I~~YCELLS 1 2.169 1.282

CELLS 5 2.162 1.280
CELL S 4 2.177 1.282

END OF C ISC HAPG E BATTER Y PAR AME T E RS
BATTERY CUTOFF VOLT A G E 4 .62 SEC. CELL CUT O FF V O L~~4GE 1.90

- - C A P A C I T Y  OF BAT T ERY FO R THIS DISCHARGE 102.96 PERC EN
TO~ AL BATTERY VOLTAGE 5.062
INDIVIDUAL CELL VOL T AG ES S P E C I F I C  G R A V I T Y

CELLS 1 2.006 1.240
CELLS 5 2.162 1.280
CELLS 4 2.177 1.282

END CF CHARG E BATT ERY ON FINISHING RATE
CHARGE NUMBER 39

- - T ”A L  BATTERY VOL TAGE 8.019
INDIV IDUAL CELL VOL TA GES SPECIFIC GR4VI~~YCELLS 1 2.664 1,281

CELLS 5 2.676 1.279
CELLs 4 2.679 1.278

DISCHARGE NUMBER 40
DISCHARGE CURRENT 3.03 JU P A ~~ION OF DISCHA RGE 6,57 HR.
RECORDED CCLL 5 1
ST A RT OF DISCHA RGE BA T E R R Y  PARA M ET E RS
TO A L BATTERY VOL T AGE 5,472
INDIVIDUAL CELL VOL TA GES SPECIFIC GRA V~ TYCELL S 1 2.156 1.280

C E L L ~ 5 2.160 1.277
CELLS 4 2.159 1.279

THE RECORDED CELL C3NT RO LED TH~ DISC HARGE
END CF DISC HARGE BA T T E R Y  P A R A M ET E R S
B AT T E RY  CUTOFF V O LT~~GE 4 ,55 REC, CELL CUT O FF V C LT~ GE 1,17
C A RA C I T Y  O F BATTERY FOR THIS DISCHA RGE 133.22 ~E~ CE”
T O T A L  BAT TERY V O L T A G E  5.999- - - IND IVIDUAL CELL VOLTAGES S P E C I F I C  G RA V I T Y

CELL S 1 1.980 1.240
CELLS 5 2.313 1.242
CELLS 4 2.006 1.243

END OF CHAR G E BA TT ERY ON FINISHING RATE
CHAR GE NUMBER 40
TOTAL B ATTER Y VOLTAGE 6.013

F iND IVIDUA L CELL VOLTAG ES SPECIFIC GRAVI TY
CELL~ 1 2.660 1.282
C E L L ~ 5 2.681 1.283

3
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CELL S 4 2.666 1.282

DI SCHARGE NUMBER 41
DISCHARGE CURREN~ 3.30 DUR AT ION OF DISCHARGE 6.23 HP,
RECORDED CELL 5 4
S ART CF DISCHARGE SA TERRY P A R A M E T E R S
TOTAL BATTERY VOLTAGE 6.452
INDIVIDUAL CELL VOLTA GES SPECIFIC G~AV !TYCELLS 1 2.150 1.279

CELLS 5 2.155 1.279
CELLS 4 2.150 1.283

THE RECORDED CELL CO NT R-O L ED THE DISC HARGE
END OF DISCHARGE BATTE RY PARAM ET ERS
BATTERY CUTOFF VOLTA GE 4,70 SEC. CELL CUTOFF VOLT~ GE 1.05C A P A C I T Y  OF BA TT EP•Y FOR THIS DISCHARGE 98.77 PESC!N~TO TA L BATTE RY VCL TAGE 6,176
INOIV ICUAL CELL VOLTAGES SPECIF IC  G R A V IT Y

CELLS 1 2 .053 1,241
CELLS 5 2.067 1.246
CELL S 4 2.063 1.244

END O F C H A R G E  BATT ER Y ON FINISHING R A T E
CHARGE NUMBER 41
TOTAL BATTERY VIL~~AG E 8,035
INDIV IDUAL CELL VCL~~~G ES SPEC I F ’ C  GR~~V !TY

C ELLS 1 2 ,667 1.282
CELLS 5 2.669 1.285
CELL S 4 2.668 1,280

DISCHARGE NU M3ER 2
D I S C H A R G E  CURREN T 3,30 DUR ATION CF DISCHARGE 6 ,27 HR . -

RECORDED CELL S I
START OF DISCHARG E 8A~~ER~~Y P4 p 4 M E T E5 5
‘O TA L BATTER Y V O L~~4G E 6o481
!~~DIV ICUA L CELL VOLT A GES S O E C I F I C  G RAV ~~~Y —

CELL S 1 2.158 1.280
CELL S 5 2.163 1.284
CELL S 4 2.164 1.281

TH~ ~~ Cc-R DE D C~~LL C~~NTR r,L~~O THE D~~RC HA PG~END OF DISCHARGE BA~ TESY 2A RA M E ESS

BAT TE RY CUTOFF V~ LT AGE 4 ,68 SEC. C ELL CUT O~~~ V T L~~A GE l.05
CA ~~A C I T V  ~~ BATT ERY ~O R T HIS C IS C H~~FG E 98.50 PER EN
T O T A L BAT T ESY VOLTA GE 6.143
IN DIVI DUAL CELL VOL AGE S S~~ECI ~~IC GRAVITY

C ELLS 1 2.036 1.245
C:LLS 5 2.058 1.246
CELLS 4 2.053 1.246

END OF CHAR GE BAT~~ERY ON FINISHING P A T E
CHA RGE NUMBER 42
TC~~A L eATTEPY VOLTA G E 8.007
IN DIVIDUAL CELL VOLTAGES S2EC IFIC GRAVITY

CELL S 1 2.663 1.283
CELL~ 5 2.675 1.282
CELLS 4 2.669 1.280

D S CH A S GE MUMBE°. 43
DI~~CHA PGE CURPEN’ 3.33 OURA I~~ OF J!SCHA~~GE 6.32 H~~.R-ECCRDEC r~~~L 5 1
START CF DISCHARGE BAT ERRY PA~~~METER~TOTAL BATTERY VOLT AGE 6.487
!N~~1VICU4L CELL VOLTA GES SPECI FIC GRAV TY

CELLS 1 2.157 1,282
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CELLS 5 2.162 1,287
CELLS 4 2.166 1.292

THE RECORDED CELL CONTROLED ~HE DISCHARGE
~ND OF CI~ CHA RG~ 8ATT~~RY ~A R A M ~ TER~ - •
~ATTERv CUTOFF ~

r~L T A G~ 4.73 REC. CELL CJTJF F VDL~~AG E 1,17
CA DA C I TY OF BATTERY FOR THIS DISCHARGE 99.29 PE~ CEMT
TOTAL BATTERY VOLTAGE 6.234
INDIVIDUAL CELL VOLTAGES SPECI FIC GRAVITY

CELL S 1 2.063 1.240
CELLS 5 2.074 1.245
CELLS 4 2.073 1,246

END OF CHARG E BA TTERY ON FINISHING RATE
CHARGE NUMBER 43
TO TAL BATT ER Y VOLTAGE 7.980
INDIVIDUA L CELL VDL AGES SPECI FIC GPAV ITY

CELLS 1 2.654 1.279
CELLS 5 2.669 1.284
CELLS 4 2.657 1,284

DISCHARGE NUMBE R 44
DISCHARGE CURRENT 3.00 DURAT IJN OF D I SCH A P GE 6 ,35 ~5,
PECORDEC CELL 5 4
ST~ RT CF DISCHARGE BATESSY °ARAM ETERS
TOTAL B ATTERY VOLTAG E 5.632
INDIV IDUAL CELL VOL TAGES SPECIF IC  G RAV I~~Y

CELL S 1 2,208 1.279
CELL S 5 2.208 1.284
CELLS 4 2.216 1.284

END OF DISCHARGE BATTERY DARAM ETE~ S
BATTE RY CUTOFF VOLTAGE 4,o8 SE C O CELL CUTOFF VOL TAG E 1.89
C A P A C I T Y  OF BATT ER Y FOR THIS DISCHARGE 99,32 PERC FNT
TOTAL BATTER Y VOLTA GE 6.072
!r~!DIV ICUA L CELL VOLTAGES SPECIFIC GRAVI TY

CELL S I 2.009 1.245
CELLS 5 2.030 4,250
CELL S 4 2.029 1.246

END CF CHARGE BATTERY ON FIN:SHING ~ATECHARGE NUMBER 44
TOTAL BATTERY VOLTAGE 7,989
INDIVIDUAL CELL VOL A GES SPECI~~IC  GP~~V :rYCELLS 1 2.663 1.285

CELLS 5 2.667 1.280
CELL S 4 2.659 1.277

DISCH A RGE NUMBER 45
DISCHARGE CURRENT 3.03 DUSAT !Y” OF DISC HAR GE 6.25 ~ .RECO ROEC CELL 5 4
START CF DISCHARG E BATES RY PAPA M ETER S
TOTAL E~~ TER Y VOLTAGE 6.524
INDIVIDUA L CELL VOLTAGES SOEC IFIC GP4V ITY

CELL S l 2.173 1.284
CELL S 5 2.715 1.283
CELLS 4 2.177 1.224r

E~~O OF C IE C HA RG E S A T T E S Y  PA R A M E T E P S
B ATTERY CUTOFC VOLTAGE 4.56 RCC, CELL CU’JFF VTL~~~ZE 1.83
CAPACI TY OF BATTERY FOR THIS DISC HAfGE 98.25 P O ~

\
- - - - 

~1T4L BATTERY VOLTAGE 6.090
NC IVIOU A L CELL VCLTA GES S~~ECI FIC GR AV ITY

CELL S 1 2.015 1.24~CELL S 5 2.039 1,246

240
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CELLS 4 2.036 1.251

EN’) OF CHARGE BATT ER Y O~J FINISHING SATE
CHARGE NUMBFP 45
T OTAL BATTER Y VOL TAG E 8.001
INDIVIDUAL CELL VOLTAGES SDEC IFIC G °AVITY

C E LLS 1 2.666 1,284
- CELL S 5 2.678 1.280

CELLS 4 2.657 1.259

OISCHARc-E NUMBER 46
DISCHARGE CURSENT 3.30 DUR ATION OF DISCHARGE 6.28 HR.
R ECORDED CELL 5 1
STA RT CF DISCHARGE BATER~~Y 2&R4ME ERS
TOTAL EATTEPY VOLTAGE 6.563
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV I~~YCELL~ 1 2.187 1,282

CELLS 5 2.190 1,283
CELL# 4 2.185 1.283

THE REC O RDED CELL C ON T RO LED THE DISCHA RGE
END OF DISCHARG E BATTERY PARA METE R -S
BATTERY CUTOFF VOLTAGE 4.60 REC . CELL CJT~~~~ V~~L AGE 1,35
C A P A C I T Y  OF BATTERY FOR THIS DISCHARG E 98.77 PERCE~ITTOTAL BATT ERY VOLTAG E 5.903
INDIVI DUAL CELL VOLTAGES SPECIF IC GRAVITY

CELLS 1 1.939 1.245
CELLS 5 1.992 1.250
CELL S 4 1.972 i.240

END -OF CHARG E BATTERY ON FIN SH NG PATE
CHA RGE NUMBER 46
T O T A L BAT T ER Y V O L T A G 3  7,939
INDIVIDUAL CELL VCLT -A GES SPECIFIC GRAVITY

CELLS 1 2.649 1.282
CELL S 5 2.655 1.282
CELL S 4 2.535 1.277

DISCHA RGE NUMBER 47
D !SCHAPGE CURREN ? 3~ -30 DU~ A T ION O F DISCHARGE 6.12 HR.
RErORD~~C CCLL 5 4
START O~ DISCHARGF BAT~ RRY °AR A~~~~~R~TOTAL BATTERY VOLTAGE 3,727 

- -
INDIVI DUAL CELL VOL AGES SPECIFIC G~ AV 7Y

CELLS 1 2.253 1.282
CELL H 5 2.258 1.282
CELL S 4 2.250 1.277

END CF D S C ~~APGE BATTERY OA RAM ETEFS
BATTERY CUTOFF VOLTAGE 4.63 SEC. CELL CUT 2-~~F V C L T~ GE 1.81
CA PACITY CF B ATTERY FOR THIS DISCH~.PGE 96.14 PERC5~~TT O TA L  BATT ~ Q Y V O LTA G~ 6.192
INCIV !DUAL CELL VCL~~~G!S S~~ECI F!C GRAVI TYCELLS 1 2.056 1.241

CELL S 5 2.071 1.251
CELLS 4 2.063 1.244

END C~~~ CHARGE BATTE RY ON FIN’SHING ~A E
CH~~~GE NUMBER 47
TC’AL BATTERY VOLTAGE 8.000
!NC!VIOU4L CELL VOL 8GES SPEC IFIC GRAV~ TY

CELL S 1 2.661 1.273
CELLS 5 2.674 1.275

-~~ CELL S 4 2.648 1,265

- 
-

.- 
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DISCHARGE NUMBER 48
DISCHARGE CURRENT 3.00 DUR A TION CF DISCHA RGE 6.52 HR.
QECORDEC CELL ~ I
STA RT CF DISCHARGE B~ TERQY PARA M ETEPS
TOTAL EA T T E~~Y V O LT AGE 6 ,622
IND IVIDUA L CELL VOLTA GES SPECIFIC GRAVI TY

CELLS 1 2.208 1,273
CELL S 5 2.211 1.275
CELLS 4 2.203 1.266

THE RECORDED CFLL CO’~TROL ~~D TH~ D!SCHARG~END OF DISCHAR~~E BATTERY P A °A M E TER S
BATTERY CUTOFF VOLTAGE 4,65 SEC. CELL CUTOFF V~ LT A GE 1.05
C .&DACI TY OF BATTER Y F-JR THIS DISCHA RGE 102.43 PERCENT
TOTAL BATTERY VOLTAGE 5,988
INDIVIDUAL CELL VOL TAGES SPECI FIC G~ AV ITY

CELLS 1 1.973 1,244
CELLS 5 2.C11 1.248
CELLS 4 1.996 1.243

END OF CHARGE BATTERY ON F!N :SHING RATE
CHARGE NUMBER 48
TOTAL BATTERY VOL TAGE 7,955
!~!CIVICUAL CELL VOL TA-3ES SPECIFIC GRAV ITY

CELLS 1 2.656 1.280
CELL S 5 2.659 1.26].
CELLS 4 2.635 - 1.278

DISCHARGE NUMBER 49
DISCHARGE CURRENT 3.03 DUR A~~ICN CF DISC-~A RG E 6.15 HR .
RECCR DED CELL 5 5
~T A RT  OF DISC HARGE BA TE RR Y PARAM ETE~~STOTAL BATTE R Y V-JL TA GE 6,860
IND IVIDUAL CELL VOLTA GES SPECI FIC GRAVITY

CELLS 1 2.295 1.280
CELL S 5 2.305 1.281
CELLS 4 2,294 1.278

END CF DISCH A RGE BATTEQY ~A RAM ETERS
3ATTERY CUTJFC VOLT AG E 4.52 SEC. CELL CU O F V C L T ~~GE 1.82
C.~7AC ITY CF BATTFR V F~~ THiS C T C CH AR G~ 96,63 ~~~~~~~7~~TAL BATT PY VDL?A (~~ 6.082 

- - -

!ND:v!cuAL CELL VOLT4GES S?ECT~~!C G S A V ! T Y
CELL S 1 2.313 1.255
CELL S 5 2.341 1.255
CELL S 4 2.028 1.242

END CF CHARGE B~ TTE~ Y ON FIN:sH:~JG RATE
CHARGE NUMBER 49
TOTAL BATT ER Y V OL ?A GE 3,0~)5IND IVIDUAL CELL VOLTAG ES ~~EC !FIC GR~~v:7YCELLS 1 2 .671 1.229

CELLS 5 2.677 1.227
CELLS 4 2.657 1.270

DISCHA RGE NUMBE~ 53
D~~SCHA PGE CURREN ’ 3.30 OURA ?ION OF D~ !CHA SGE 6.15 ~ .P- EC O Q D~~C CEL L 5 1.
ST~ PT !~F DISCHA RGE B ATES QY O A M TC~~S
TOTAL aAT TERY VOLTAGE 6, 756
I~!DIVIDUAL CELL VOLTAG ES SPECIFIC GR AV TY— 

CELLS 1 2.256 1.27w
CELL S 5 2.266 1,270

- 

-

~~~~ CELL S 4 2 .255 1.270

2 4 2
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THE RECORDED CELL C-JNTROLEJ THE D!SCH~-PGECND OF DISCHAP G~ BATTERY PARAMETERS
BAT T E RY CUT UFF V~ LT A G E 4.78 SEC. CELL CUT~~FF VCL AG 1.16
C A P A C I T Y  CF BATT ER Y F-J R THI S D I S C HARGE 96,~~8 PESCE ~~TOTAL BATTERY VOLTAG E -6~207INDIVIDUAL CELL VOLTAGES SPECIF IC  GRAVI TY

CELLS 1 2.061 1.246
CELLS 5 2.076 1.250
CELLS 4 2.068 1.243

END CF CHARG E BATTER Y ON FINISHING R A T E
• C HA RGE NUMBER 53

TOTAL BATTERY VOL T AGE 7,855
IND iV IDUAL CELL VOLTAGES SPECIFIC GPAVT TY

CELLS 1. 2.40 2 1,283
CELLS 5 2.739 1.282
CELLS 4 2.714 1.274

DISCHARGE NU MBE!~ 51
DISCHAR GE CUR RENT 3.03 DUF A~~I~~N OF D ISCHA RGE 7.Ci 3 HR.
RECORDED CELL S I
ST AR T OF DISCHARGE ~A ERSY PA R &~ ET2 RS
TOTAL BATTERY VOLTAGE 6.852
INC~ V ID UA L CELL VOL T A GES S P E C I F I C  G R A V I T Y• CELLS 1 2.184 1.283

CELLS 5 4.343 1.282
CELLS 4 2,345 1.274

HE RECORDED CELL CONTROLED HE OIS CHAR GE
END ~ F D ISCHA RGE BA T TERY P A RA M E ECS
BA TTERY CUTO FF VOLTAG E 4,73 R E C O  CELL CUTOFF V~~~T~ G~ 1.14
CAP A CITY OF BATTERY FOR THIS DIE CHA~~GE 110.56 PERC~~~TTOTAL BATTERY V O LT A G E 6.198
IN DIV IDUA L CELL VOL TAGES SPEC I FIC GRAV ITY

CELL S 1 2.05~ 1.240
CELL S 5 2.072 1.248
CELLS 4 2,064 1.241

END J CH~ RGE BAT T E~ Y ON FINISHING P A T E
CH AR GE NU~ BSR 51
TOT AL BATTER Y VJL AGE 3.054
IND IV IDUAL CELL V L A GES S~~ECI FIC GRA VITY

CELL~ 1 2.ó76 1.284
-CELLS 5 2 .733 1.288
~E L L ~ 4 2.674 1.272

OT~~CH A Q G~ NUMB R 52
JI~~C HA PGE C UR REN T 3.30 CURA — :ON OF fl!EC H~~RG E 6 .88  ~~~~~~~REC ORDED CELL 5 4
S T A RT CF D I S C HA R G E  S A T E R R Y  PA R- A ME T EP S
TOTAL BATT ER Y V-J1~~AG E 6,847
INDIVI DUAL CELL VCLTAG~~S SPECI FIC G~ LV ?Y

CELL S l 2.267 1.284
4 CELLS 5 2.296 1.288

CELL S 4 2 .287  1.272

END OF DTSCHA QGE BATTERY PARAM E TERS
3A TTEQY CUTOF F VOLTAG E 4.70 SEC. CELL CUTOFF VOL~~~GE 1,87
C A D~ C IT V  OF BAT ? ERY FOR TH IS D I S C H A R G E  108,2- D P~~S CE ’~T
TO TA L ~ATT E~~Y VO LT A G E  5 ,838
INDIVIDUAL C ELL V O L T A G E S  S D E C I F C G RAV ~~~Y

L CELLS 1 1.887 1.246
CELLS 5 1.978 1.253
CELLS 4 1.954 1.247

S
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END CF CHARG E BATT ERY ON FI~’!SHING RATE
CH~ PGE NUMBER 52
TOT AL BAT TERY VOL TAGE 2,982
INCIV ICUAL CELL VOLTAGES SPECIFIC GRAVI TY

CELL S 1 2.658 1,274
CELLS 5 2.672 1.282
CELLS 4 2.651 1.272

DISCHARGE NUMBER 53
DISCHARGE CURREN T 3.30 DURATION OF DISCHARGE 6.35 ~4S.RECORDED CELL 5 1
START OF DISCHARGE BATERRY PARAMETERS

• TO T AL BATTERY V O LTAGE 6 .805
INLflV IBUA L CELL VOL TA GES SPEC FIC GRAVI~~YCELLS 1 2.258 1.274

CELLS 5 2 .285  1.282
CELLS 4 2.273 1,272

THE RECORDED CELL CONTROL~~D HE DISCHA RGE
~ND OF DISCHARGE BATTERY PARAMETE RS
BATTERY CUTOFF VOLTAGE 4,90 REC, CELL CUT~~F F V O L~~~GE 1.12CA PA C ITY ~ F BATTERY FOR THIS DISCHARGE 99.82 PERCENT
TOTAL BATTER Y VOLTAGE 5.961
INDIVIDUAL CELL V OL A GES S D E C I F IC  G R A V I T Y

CELL~ 1 1.957 1.243
CELL S 5 2.308 1.250
CELLS 4 1.995 1.241

END OF CHARG E BATTE~ Y ON ~ INISH TNG RATE
CHARGE NUMBER 53
T~~~A L BA TTER Y V O LT A G E  7.949
IN DIV ICUA L CELL VOLTAGES SPECI~~IC GRAV :TY

CELLS 1 2.618 1.276
CELLS 5 2.680 1.276
CELL~ 4 2,651 1,269

D I S C H A R G E  NUMBER 54
DISC HARGE CURRE~~ 3.-~) ouRAT:n~4 OF DISC~~A~ GE 6,38 H~~,

- 
- RECORDED CELL 5 5

START CF D ISCHA R G E 34T E°~~Y DA R A M E T E S ~-OTA L BATTERY V OL A G E 5,757• INDIV ICUA L CELL V O L T A G E S  5~~E C I F I C  G R A V TY
CELL S 1 2.248 1.276
CELLS 5 2.290 1,276
CELLS 4 2.279 1.269

END O~ D!SC HA °GE SA~ 7~~RY P A ~~ET E~~SBATTERY CUTOFF VOLTAGE 4,30 R~~C, CELL CUTOFF V JL~~~3E 1.91• C A P A C I T Y  OF BATTERY FOR T~US O IS C H A R G E  95 .52  PE~ CE~J
• T O TA L  BATTERY VOLTAGE 6.215

1~-O!VID’JAL CELL V JL 7AGE S SPEC IFIC GRAV ITY
CELLS 1 2.060 1.243

• CELL S 5 2.081 1.255
CELL S 4 2.071 1.243

END CF CHARGE BATTERY ON FIN !SHIN~ RA T E
CHARGE NUMBER 54

- p : T~~TAL BATT EG Y VOL A GE 7,916
INDIVIDUAL CELL V CL~~A GE~ S P EC 1 9 C  G R A v I T Y

C E L L S  1 2 .533 1.275
CELL S 5 2.708 1.235
CELLS 4 2.675 1.272

DISCH ARGE NUMBE R 55

*
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DISC HARGE CURRENT 3.30 DURATIO’J OF DISC HARG E 5,12 HR ,
RECC RDED CELL S I
START OF DISCHARGE BA TER R Y PA R $M E~~E P S
TflTAL 6ATTERY VOL AG E 6,637
INDIVI DUAL CELL VOLTAG ES SPEC IFIC GRAVITY

CELLS 1 2,205 1.276
CELLS 5 2.221 1.285
CELL~ 4 2.214 1.272

THE RECORDED CELL CJt ’ITROLED THE DISCHARGE
EN~ ~ F D!crHASG~ 3ATT~~R Y PAR A M~ TFRS
BA7T~~RY CUTOFF ~OLT 4GE 4.55 ~~~~ CELL CUTJ~~F V~ LT~ GE 1.05
CA PACITY OF BATTER Y FOR THIS DISCHARGE 96.14 PE~ C~~~

T
• TOTAL EATT ER Y VOL~~AGE 6.228

INOIV IDU~ L CELL VOL TAG ES SPECIFIC ~2AV ITYCELLS 1 2.060 1.241
CELLS 5 2.089 1.251
CELLS 4 2.07-i 1.241

END OF CHARGE 8ATT E~ Y ON F !N~~~HING R ATE
CHARG E NU~A B R  55
TOT A L BATTE R Y VOLTAGE 7 .851
!ND!V Ic-UAL CELL VOLTAGES SPECIFIC GRAV! Y

CELLS 1 2.502 1.279
= CELL S 5 2.691 1~~280CELLS 4 2.658

DISCHARGE NUMBER 56
DISCHA RGE CURSEN 3.00 D U R 4 1 I O ’-

~ OF DISCHA RGE 6,33 ~R ,RECC RDFC CELL 5 1
STAR T OF DISCHARGE BAT ER RY R4P AM TESS
TOTAL BAT TERY VCL~~A GE 6~~738
INDIVIDUAL -CELL VOLT A G ES SPEC IFIC GRAVI TY

CELLS 1 2.248 1.279
CELLS 5 2.251 1.290
CELL S 4 2,239 1.270

THE REC7PDED CELL CONTRCLED HE DISCHARGE
END OF DISCH AR GE 6A TT€RY ?ARA ~4ETEQSBATTERY CUTO FF VOLTAGE 4.65 REC, CELL CU~~~FF VTLT

~~GE 3. CC
CAPACITY c-F  BATTER Y F-O P THIS DISCHA RGE 94084 ?E~ C 2 N
TOTAL BATTER Y VOLTAG E 6.116
INDIV!DUAL CELL VCLTA ES S~~E C! F I C  G~ AV I Y

CELL S 1 2.011 1.245
CELLS 5 2.058 1.255
C E L L~ 4 2.347 1.247

END CF CHARG E BATTER Y fl~J FI4’SH:NG R A E
C HA R G E  N U M B E R  56
TO TAL BATTERY VOLTAGE 7.926

-

• INC IV ICUAL CELL VOL TA GES SPECI FIC G~ A V~~~Y- - CELLS 1 2.495 1,275
CELLS 5 2.734 1,234
CELL~ 4 2.697 1.277

DISCHARGE NUMBE R 57
D!SCHAQGE CURRENT 3.00 D U T ~~~’~ OF DISC-LA~~GE S~~77 HS,
REOCQEDE C CELL 5 4

p STAR T OF D1SCHA~ GE 94 EP~~Y 
p A 2A ~~~T~~~STOTAL BATTER Y VOL TA GE 6.732

1NC IV!DUA L CELL VOLTA GES SDEC IF !C GRAV ITY
CELL~ 1 2.214 1.275
CELL S 5 2,262 1.284
CELL S 4 2.252 1.277

* ~
~
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END QF DISCHARGE BAT TERY ?ARAM E ER.C
B ATTERY CUTJFF VOLT~~GE 4.70 R E C O  CELL CfOFF V L ~~~G~ 1, 95
CA PACITY O~ B AT~~~RY FOR ThIS DISCHA RGE 50.6~ P C E ~~TflTAL BATTER Y VOL TAGE 6,148
INDIV IDUA L CELL VOL TA GES SPECIFIC GRA VI TY

CELLS 1 2.013 1.246
CELL S 5 2.371 1.260
CELL S 4 2.061 1.251

END OF CHA RG E BATT ER Y ON P!NTSHING S
CHAQ GE NUMBER 57
TOTAL BATTER Y VCL AGE 7.958
INDIVI DUA L CELL VOL AGES SPECIFIC G PA V TTY

• CELL# 1 2.531 1.276
CELL4 5 2.731 1.290
CELLS 4 2.697 1.274

D I S C H A R GE NU~ 1B E R  58
DISC HA R GE CURR ENT 3.00 OU~ AT IO N OF DISCH A RGE 5.’+3 ~~~RECOQDEC CELL 5 1
START CF DISCHARGE .3A TEPRY PAP AMETE R S
TGTAL BATT ER Y VOL AG E 6,921
INDIVI DUA L CELL VOL TAGES SPECIFIC GRAVITY

CELL S 1 2.225 1.276
CELL S 5 2.395 1.290
CELL S 4 2.385 1,274

THE RECO R DED CELL CJN T RJL D THE DISCHARGE
END O F DISCHARGE BA TTERY ~AP A ~~ETE PSB4~~rEPY CUTOFF VOLTAGE 4,65 REC . CELL CUTO~~F V~~LT~~G E 0 ,9- 3
CA PA CITY OF BATTERY F-Op ThIS DISC HA~~GF 35,41 ~E RCF \TOT AL BATTERY VOLTAGE 6.254
INC!V ICUAL CELL VOLT4GEC SPECI9C GR4VI~~Y

• CELL S 1 2.061 1.240
C E L L ~ 5 2.101 1.26~

)
C~~LL# 4 2.092 1.24,

E N D  OF  CHARG E BA~~~ERY ON FINISH ING R A E
C H A R G E  NU M B E R  58
TOTA L BATT ER Y VOL TAGE 7.952
I\~D !VIDUAL CELL VOL TAGES S~~EC! FIC G~ AV I Y

C~~LLS 1 2 .543 1.282
CELL S 5 2.721 1.283
CELLS 4 2.539 1.272

DISCH A PGE NUMBE R 59
DISCHA RGE CURRENT 3.00 D USA T ION CF D iS C H~~RGE 5 .25 F~~REC RDED CELL S I
STA RT CF DISCHA RGE 34 EPRY PL~ A M E S ~~TflTAL BATTER Y VOL AGE 6.740
I~JJIV !DUAL CELL VOLTA GES SPECI~~!C GR AVT T Y

CELL S 1 2.235 1.282
CELL S 5 2.350 1.283
CELL S 4 2.340 1.272

ThE RECORDE D CELL CON TRCLFD THE D I S C H A R G E
2N~ OF DISC hARGE BATTEPV PAP ~~~ET
~A~~~E RY CUTOFF Vr,_ T~~;E +.50 R~~C. C E L L  CJ~~~~~ V~ L~~ ~~~~C~~~~C I T Y  OF 8A TT E~ Y F ’R TH IS DI~~CHA DG~ 82,53 ~~~~~~~7O~~AL BATT ERY VOLTAG E 6.262L ~~ D !VIDUAL CELL V~ LTA ~~ES S P E C I F I C  GRAVI TY

- -
, 

CELL S 1 2.364 1,241
C E LL~ 5 2.102 1.260
L:LL~ 4 2.094 1.246

* ~
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E N D  CF CHARG E BATTERY ON FINISHING RA T E
CH ARGE NUMBER 55
T OTAL BAT TERY V C LT A GE 7.850
INDIVIDUAL CELL VOLTA GES SPECIFIC GSAVI Y

CELL S 1 2.503 1.274
CELL S 5 2.735 1.286
CELL S 4 2.616 1.278

DISCHA RGE NUMBER 60
DISCHARGE CURREN~ 3.03 DURATICN OF DISCHARGE 5.68 HR.
PECCRDEO CELL S I
STA RT CF DISCH4~ GE ~8 ERRY PARAME TERS
TOTAL BATTER Y VDL~ AGE 6.781
INDiVIDUAL CELL VOLTAGES SPECIFIC G~ AV ! 7Y

CELLS 1 2.21’ 1.274
CELL S 5 2.315 1.286
CELL S 4 2.279 1.278

THE RECORDED CELL CONTROLED ThE DISCHARGE
END OF DISC HA RGE BATTERY ~A R~ MEIERS
BATTER Y CUTOFF VOLT~~GE 4.59 RTC . CELL CUT VOLT~ G~ 0.82CAP AC ITY OF BATTERY FOR THIS DISCHA PGE 89.34 PE~ C E ~~TO TAL BATTER Y VOLTAGE 6.272
IN DIVIDUAL CELL VOLTAGES SPECI FIC c-R~~V ! T Y

CELLS 1 2.373 1,246
CELL S 5 2.108 1.259
CELLS 4 2.096 1.246

END OF CHARG E BATTER Y ON FINIS HING P A T E
CHA RGE ~U M B S R  60
Tfl~~~L B ATTER Y VOLTAGE 7.983
IND IVIDUA L CELL VOLTAGES S PECI~~!C GR~~VI TYCELLS 1 2.597 1.286

C E L L~ 5 2.722 1.292
CELL S 4 2.663 1.282

r-
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APPENDIX E

CYCLE HISTORY O~ PBCA 5 2

D ISC HA RGE NUMBER 1
DISCHA RGE CURRENT 4.50 DURATION -OF DISCHARGE 2.98 HR.
RECORDED CELL 5 3
START CF DISCHARGE BATE SRY PARAMETERS
TOTAL B ATTERY VOLTAGE 6.697
INDIV ICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.236 1.274
• CELLS 2 2.227 1.276

CELLS 3 2.400 1.274

THE RECCRDEC CELL CONTRO LED THE CISCHAR GE
END OF CISCHASGE BATTE RY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.49 REC. CELL CUTOFF VOLTAGE 1.52
CAPA CIT Y O~ BATTERY FJR THIS DISC HARGE 80.55 PERCENT
TOT A L EATTE~~Y V~ LTAGE 5.750
INC IV ICUA L CELL VOLTAGE S S?ECIFIC GRAVITY

CELLS 1 1.193 1.256
CELL S 2 1.910 1.254
CELLS 3 1.897 1.250

END OF CHARG E BATTERY ON FINIStiING RATE
CHARGE ~UMBER 1
TOTAL BATT ERY VOLTAGE 8.068
INDIV ICUA L CELL VOLTAGES SPECIFIC GRAV iTY

CELL S 1 2.697 1.271
C~~LL4 2 2.684 1.268
CELLq 3 2.687 1.268

DISCH~~PGE NUMBER 2
DISCHARGE CURRENT 3.00 DURATION OF DISCHARGE 4.78 HR.
RECORCEC CELL 5 2
START CF DISCHARGE BATERSY PAR A METERS
TOTAL BATTERY VOLTAGE 6.583
iN D IV IDUAL CELL VOLTAG ES SPECIFIC GRAVITY

CELL S 1 2.195 1.271
CELLS 2 2.195 1.271
CELL S 3 2.198 1.268

THE RECORDED CELL CONTROLED THE DISCHARG E
~N D OF DISCHARGE BATTERY PA RAMETERS 

- - --BATTERY LUTU FF VOLTA~~ 4.49 RtC. C~~LL CU TO~~F V C L T A~,: 1.00CAPACITY OF BATTERY FOR THIS DISCHARGE 83.29 PERC ENT
TOTAL BATTER Y VOLTAGE ~.248INDIVIDUAL CELL VOLT AGES SPECIFIC GRAVITY

CELL S 1 2.081 1.243
CELLS 2 2.083 1.24~CELL S 3 2.082 1.241

END OF CHARG E BATTERY ON FINISHING RA TE
C H A R G E  MJMBER 2
TOT A L  BATTERY VOLTAGE 8.045
IND IVI DUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS I 2.585 1.265
CELL S 2 2.674 i.270
CELL S 3 2.674 1.265

DISCHARGE NUMBER 3
DISC HA PGE CURRENT 4.50 DURATION OF DISCHA RGE 2.~~B HR .

- — ——
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RECORDED CELL 5 1
START CF DISCHARGE BA TERRY PAR AMETERS
TOTAL BATTERY VOLTAGE o.485
INCIV ICUAL CELL VOLTAGES SPEC IFIC GRAVITY

CELLS 1 2.162 1.268
CELL S 2 2.163 1.270
CE~.LS 3 2.160 1.269

END OF DISCHARGE BATTERY PAR AMETERS
BATTERY CUTOFF VOLTAGE 4.60 REC. CELL CUTOFF VOLTAGE 1.70
CAPACITY OF BATTERY FOR THIS DISCHARGE 80.55 PERCENT
TOTAL BATTERY VOLTAGE 5.168
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 1.932 1.245
S CELLS 2 1.882 1.250

CELLS 3 1.915 1.241

END OF CHARGE BATTERY ON FINISHING RATE
CHARGE NUMBER 3
TOTAL BATTER Y VO LTAGE 7.983
ZNCIVI CUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.667 1.272
CELLS 2 2.654 1.272
CELLS 3 2.660 1.269

DiSCHARGE NUMBER 4
DISCHARGE CURRENT 3.00 DURATION OF DISCHARGE 4.80 HR.
RECCRDEC CELL 5 3
START CF DISCHARGE BATERRY PA RAMETERS
TOTAL EATTERY VOLTAGE 6.670
INDivID UA L CE LL VOLTAGES SPECIFIC GRAVITY

CELLS 1. 2.227 1.272
CELLS 2 2.220 1.272
CELLS 3 2.230 1.269

END CF DISCHARGE BATTERY PARAMETERS
BATTEI~Y CUTOFF VOLT AGE 4.70 SEC. CELL CUTOFF VCLTA GE 1.74
CAPACITY ~F BATTERY FOR THIS DISCHA RGE 83.53 °ERCENT
TOTAL BATTERY VOLTAGE 6.219
INDIVIDUAL CELL VOLTAGES SPECI FIC GRAV ITY

CELL S I 2.075 1.243
CELLS 2 2.071 1.244

- ‘ CELLS 3 2.372 &.241

END OF CHARGE BATTERY ON FINISHING RAT E
CHARGE NUMBER 4
TOTAL EATTERY VOLTAGE 7.993
INC IV IDUA L CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.663 1.274
CELLS 2 2.262 1.276

• CELLS 3 2.669 A.276

DISCHARGE NUMBER 5
DISCHARGE CURRENT 4.50 DURATION -OF DISCHARGE 3.05 HR.
RECORDED CELL 5 2
ST A RT CF DISCHARGE 8AT ~ RRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.486
INDIVID U AL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.162 1.274
C E LL M 2 2.163 1.276
CELL S 3 2.162 i .276

THE RECORDED CELL CONTROLED THE DISCHARGE
END CF DISCHARGE BATTERY PARAMETE RS
BA TTERY CUTOFF VOLTAGE 4.70 REC. CELL CUTOFF VOLTA GE 1.35

4
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CA PACITY OF BATTERY F3~ THIS DISCHARGE 82.36 PERCENT
— TOTAL BATTERY VOLTAGE 5.899

INCIV ICUAL CELL VOLT AGES SPECIFIC GRAVITY
CELLS 1 1.961 1.247
CELLS 2 1.953 1.251
CELLS 3 1.960 1.249

END OF CHARG E BATTERY ON FINISHING RATE S

CHARGE NUMBER 5
TOTAL BATTERY VOLTAGE 7.957
INCIV IDUAL CELL VOLTAGES SPECIFIC G R A V I T Y

CELLS 1 2.658 1.273
CELL S 2 2.647 1.274
CELLS 3 2.653 ~&.271

DISCHARGE NUMBER 6
DISCHARGE CURRENT 2.50 DURATION OF DISCHARGE .50 HR.

F RECCROED CELL 5 1
START CF DISCHARG {~ BATERRY PARA M ETERS
TOTAL BATTERY VOLTAGE 6.676
INDIVIDUAL CELL VOLTAGES SPECI FIC GRAVI TY

CELLS 1 2.228 1.273
• CELLS 2 2.226 1.274

CELLS 3 2.230 1.271

• END OF CISCHARGE 8ATTERY ~ARAMETERSBATTERY CUTOFF VOLTAGE 3.30 SEC. CELL CuTOFF VOLTAGE 1.33
CAPACITY OF BATTERY FOR THIS DISCHARGE 92.- 2  PERCE’4T
TOTAL BATTERY VOL TAGE 6.233
INDIVIDU AL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.078 1.241
CELLS 2 2.077 1.244
CELLS 3 2.077 1.241

END OF CHARG E BATTERY ON FINISHING RATE
C H A R G E  N U M B E R  6
TOTAL BATTERY VOLTAGE 8.018
INDIVI DUAL CELL VOLT AGES SPECIFIC GRAVITY

CELLS 1 2~~678 1.272
CELLS 2 2.669 1.272
CELLS 3 2.671 1.272

DISCHARGE NUMBER 7
DISCHARGE CURRENT 2.50 DURATION OF DISCHARGE 7.05 HR.
R E C O R D E D  C E L L  5 2
START CF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.650
IND iVIDUA L CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.237 1.272
CELL S 2 2.233 1.272
CELLS 3 2.235 1.272

~ ! I THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 3.78 REC. CELL CUTOFF V O L T A G E  1.10
C A P A C I T Y  OF BATTERY FOR THIS DISCHARGE 100.78 PERCENT
TOTAL 8ATTERY VOLTAGE 5.950
INDIVIDUAL CELL VOLTAG ES SPECI F IC  G R A V I T Y

CELLS 1 1.987 1.237
CELLS 2 1.979 1.242

- CELLS 3 1.987 1.241

END OF CHAR E BATTERY ON FINISHING RATE
CHARGE NUMBER 7
TOTAL BATTERY VOLTAGE 8.094

: ;
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INDIVI DUAL CELL VOLTA GES SPECIFIC GRAVITY
CELLS 1 2.704 1.268

• CELLS 2 2.631 1.275
CELLS 3 2.694 i..270

DISCHARGE NUMBER 8
DISCHARGE CURRENT 2.30 DURATION OF DISCHARGE 6.30 HR .
RECCROE C CELL 5 3
START OF DISCHARGE BATE RRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.660
INC IV ID UAL CELL VOLTAG ES SPECIFIC GRAV ITY

CELLS 1 2.226 1.268
CELLS 2 2.225 1.275
CELLS 3 2.229 1.270

END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 3.95 SEC. CELL CUT-OFF VCLTAGE 1.57
CAPACITY OF BATTERY FOR THIS DISCHARGE 101.81 PERCENT
TOTAL BATTERY VOLTAGE 6.115
INDIVIDUAL CEL L VOLTAGES SPECIFiC GRAVITY

CELLS 1 2.042 1.236
CELL s 2 2.035 1.240
CELLS 3 2.038 1.240

END OF CHARG E BATTER Y ON FINISHING RAT !
CHARGE NUMBER 8
TOT AL BATTERY VOLTAGE 8.027
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.678 1.270
CELLS 2 2.672 L .274
CELLS 3 2.625

D I S C H A R G E  N U M B E R  9
DISCHARGE CURREN T 3.00 DURATION OF DISC HARGE 5.78 H R .
RECCRDE D CELL 5 1
START F DISCHARGE BATE RRY PARAMETERS
TOTAL BATTERY VOLTA GE 6.730
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAV IT Y

CELLS 1 2.245 1.270
CELLS 2 2.246 1.274
CELLS 3 2.251 1.268

THE RECORDEC CELL CONTROLED THE CISC~~~R~~EEND OF DISCHARGE BA TTERY PARAME T E~ S
BATTERY CUTOF F VO LTAGE 4.33 D EC.  C~~LL JT~~~~ L~~~~~~
CA PACITY OF BATTERY FOR THIS DISC kA~~GE IUO. 73 ~E ’ 3

- 
• - TOTAL BATTERY VOLTAGE 6. 178• INCIV ICUAL CEL L VOLTAGES SPECI IC ~

;
~~. j v

CELLS 1 2.059 1.2-.;
CELLS 2 2.057
CELLS 3 2.057 L.2-’ u

END OF CHARGE BATTE RY ON F I N IS H I\ ) 
~A 7 E

CHARGE NUMBER 9
TOTAL BATTER Y VOLTAGE 3.011
INC IV IDUAL CELL VOLTAGES S?ECI~~IC ~~~~~~~~~~~~~~~~~~~

CELLS 1 2.674 1.273
CELLS 2 2.670 1.273
CELLS 3 2.667 1.2c ~DISCHARGE NUMBER 10

DISCHARGE CURRENT 4.50 DURATIO N CF ~1~~C-~~-l; E
RECCRDED CELL 5 2
STA RT OF DISCHARGE Ô A T E R R Y  PA~ A’~ETE .~S

I - TOTAL BAT TERY VOLTAG E o.722
~~~~~~~ • INC IV ICUAL CELL VOLTAGES s?E-: I FIc ~~

c
~~~ i:~~~~

• CELLS 1 2.244 1.273
t
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CELLS 2 2.245 1.273
CELL S 3 2.242 1.269

THE RECORDED CELL CO NTROLE D THE DISCHARGE
END OF DISC HARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.69 SEC. CELL CUTUFF VOLTAGE 1.40
CAPACITY OF BATTERY FOR THIS DISCHARGE 97.21. PERC ENT
TOTAL BATTER Y VOLTAGE 6.206
INDIVIDUAL CELL VOLTAGES SPECIFiC GRAVITY

CELLS 1 2.063 1.238
CELLS 2 2.070 1.240
CELLS 3 2.067 1.238

• END OF CHARG E BATTERY ON FINISHING RATE
• CHARGE NUMBER 10

TOTAL BATTERY VOLTAGE 8.153
INDI VI DUA L CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.714 1.279
CELLS 2 2.724 1.282
CELLS 3 2.720 1.280

DISCHARGE NUMBER 11
DISC HARGE CURRENT 4.53 DURATION OF DISCHARGE 3.67 HR.
RECORDED CELL 5 3
START CF DISCHARGE BATE RR Y PARAMETERS
TOTAL BATTERY VOLTAGE 6.565
INC IV ICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.186 1.279
CELLS 2 2.193 1.282
CELLS 3 2.188 1.280

END OF DISCHARGE 3ATT!RY PARAMETERS
BATTERY CUTOFF VOLTA GE 4.69 SEC. CELL CUTOFF VCLTA GE 1.70
CA PACITY OF BATTEik Y FOR THIS DISCHARGE 58.- 9  PERCENT
TOTAL BATTERY VOLTAGE 5.832
IND IVI D UAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 1.542 1.244
CELLS 2 1.938 1.247
CELLS 3 1.942 ~.245

END OF CHARGE BATTERY ON FINISHING RATE
C H A R G E  N U M B E R  11
TOTAL EATTER Y VCLTAGE 8.014
INCIVICUAL CELL VOLTAGES SPECIF IC  G R A V I T Y

CELL S 1 2.674 1.417
CELLS 2 2.672 1.418
CELLS 3 2.266

DISCHARGE NU MBER 12
DISCHARGE CURRENT 4.50 DURATION OF DISCHARGE 3.42 HR.
RECCRDE C CELL 5 2

- - START CF DISCHARGE BA TER RY PARAMETE RS
TOTAL BATT ER Y VOLTAGE 6.700
IND IVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.237 1.284
CELLS 2 2.242 1.285
CELLS 3 2.243 1.284

END OF DISC HARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4.65 REC. CELL CUTOFF VOLTA GE 1.67

- r- CAPACITY OF BATTERY FOR THIS DISCHARGE 92.24 PE~ OE~ TT OTAL BATTERY VOLTAGE 6.217
I N L IV I D U A L  CELL VOLTAGES SPECIF IC  G PA V I T Y

CELLS 1 2.073 1.241
CELLS 2 2.077 1.245

t 4
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CELL S 3 2.074 1.241

END OF CHARGE BATTER Y ON FINISHING RATE
CHARGE NUMBER 12

• TOTAL BATTERY VOLTAGE 8.010
INCIVIC UAL CELL VOLTAGES SPECIFIC GRM V ITY

CELL S 1 2.671 1.281
CELLS 2 2.675 1.279
CELLS 3 2.6i~6 1.279

DISCHARGE NUMBER 13
DISCHARGE CURRENT 0.50 DURATION OF DISC HARGE 3.65 HR.
RECCRCEC CELL 5 3
STA RT CF DISCHARGE BATERRY PARA M ETE RS
TOT AL BATTERY VOLTAGE 6.476
INDIVIDUAL CELL VOLT AGES SPECIFIC GS..~VITYCELLS 1 2.184 1.281

CELLS 2 2.137 1.279
CELLS 3 2.185 1.279

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMETERS
BATTER Y CUTOFF VOLTAGE 4.68 REC. CELL CUT3FF VOLTAGE 1.48
C A P A C I T Y  OF BATTERY FOR THIS DISCHARGE 9.15 PERCENT
TOTAL BATTERY VOLTAGE 5.986
IN CIV ICIJAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 1.995 1.247- - CELLS 2 1.995 1.244
CELLS 3 1.992 1.243

END OF CHARG E BATTERY ON FINISHING RATE
CHARGE NUMBER 13
TOTAL BATTERY VOLTAGE 8.006
INC IVICUAL CELL VOLTAGES SPECIFIC GRi.~V I T Y

CELLS 1 2.672 1.276
CELLS 2 2.673 1.278
CELLS 3 2.665 &.276

DISCHARGE NUMBER 14
DISCHARGE CURRENT 4.50 DURATION OF DISCH4RGE 3.73 h~~.RECCRDEO CELL S 2
START CF DISCHARGE BATERRY PARAMET ERS
TOTAL BATTER Y VOLTAGE 6.616
INC IV ICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.205 1.276
- 

• C~ LLS 2 2.209 1.278
CELL S 3 2 .206 l.27e

END OF D ISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLTAGE 4 .68 SEC. CELL CUTOFF VOLTAGE 1.74
CAPACITY OF BATTERY FOR THIS DISCHARGE 102.07 °ERCENT
TOTAL BATTER Y VOLTAGE 6.227
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.074 1.241
CELLS 2 2.077 1.244
CELLS 3 2.072 1.240

END OF CHARG E BATTERY ON FINISHING RATE
C HARGE MJMBER 14
TOTAL BATTERY VOLTAGE 8.041
INDIVI DUAL CELL VGL~~A GE S SPECIF IC  G R A V I T Y

CELL S 1 2.678 1.275
CELL S 2 2 .685 1.277

L CELLS 3 2.674 1.274
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DISC HARGE NUMBER 15
DISC HARGE CURRENT 4.50 DURATION OF DISCHARGE 3.62 HR.
RECCRDEC CELL 5 1
START CF DISCHARGE BATER RY PARAMETER S
TOTAL BATTER Y VOLTAGE 6.546
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1. 2.182 1.275
CELLS 2 2.187 1.277
CELLS 3 2.183 j.274

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VCLTAGE 4.68 SEC. CELL CUTOFF VOLTAGE 1.38
CAPACITY OF BATTERY FOR THIS DISCHARGE 97.64 PERCENT
TOTAL BATTERY VOLTAGE 5.886
IN CIV ICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 1.956 1.241
CELLS 2 1.963 1.240
CELLS 3 1.961 j.243

END OF CHARGE BATTER Y ON FINISHING RATE
CHARGE NUMBER 15
TOTAL BATTERY VOLTAGE 8.001
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.670 1.278
CELLS 2 2.674 1.279
CELLS 3 2.663

DISCHARGE NUMBER lo
DISCHARGE CURRENT 4.50 DURATION OF DISCHARGE 3.67 HP.
RECORDED CELL 5 3
ST A RT CF DISCHARGE BA T E R R Y  PAR A M ETE RS
TOTAL EATTERY VOLTAGE 6.567
INCIVICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.187 1.287
CELLS 2 2.192 1.279
CELLS 3 2.189 1.278

END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLT AGE 4.67 SEC. CELL CUTOFF VCLT~ GE 1.73
CAPACITY OF BATTERY FOR THIS DISCHARGE 98.99 PERCENT
TOT AL EATTERY VOLTAGE 6.230
INcIv:cuAL CELL VOL TAGES SPECIFIC GRAVITY

CELLS 1 2.075 1.239
CELLS 2 2.378 1.241
CELL S 3 2.373 1.243

END OF CHARG E BATTERY ON FINISHING RATE
CHARGE NUMBER 1
TOTAL BATTERY VOLTAGE 8.013
INDIV ICUA L CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.671 1.274
CELL S 2 2.682 1,278
CELL S 3 2.669 1.273

DISCHARGE NUMBER 17
CISCHARGE CURRENT 4.50 DURATION OF DISCHA RGE 3.92 HR.
REC OR DED CELL 5 1
START CF DISCHARGE BATEP~R Y PA R A M E T E R S
TOTAL BATTERY VOLTAGE 6.666
INC IV ICUA L CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.218 1.274
CELLS 2 2.227 1.278
CELL S 3 2.224 ~ .2l3 
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THE RECORDE D CELL CGNTROLED THE CISCHLRCE
END OF DISCHARGE BATTERY PARAM ETERS
BATTERY CUTOFF VOLTAGE 4.67 REC. CELL CUTOFF VOLTAGE 1.39
C A P A C I T Y  OF BATTERY FOR THIS DISC hA RGE 105.74 PERC E:4 1
TOTAL BATTERY VOLTAGE 6.186 -

INC IV IDUA L CELL VOLTAGES SPECIFIC GRAVITY
CELLS 1 2.059 1.245
CELLS 2 2.369 1.245
CELLS 3 2.062 1.240

END OF CHARG E BATTERY CN FINISHING RATE
CHARGE NUMBER 17
TOTAL  BATTE RY VOLTAGE 7.993
INDIV ICUAL CELL VOLTAGES SPECIFIC GRAVITY

( CELLS 1 2.664 1.276
CELLS 2 2.671 1.278
C E L L S  3 2.660 i.274

DISCHARGE NUMBER 18
DISCHARGE CURRENT 4 .50 DURATION OF DISCHARGE 3.77 HR.
RECCRDEC CELL 5 2
START CF DISCHARGE BA TERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6 .670
IN CIV ICUAL CELL VOLTAG ES SPECIFIC GRAVITY

F CELLS 1 2.222 1.276
• CELLS 2 2.228 1.278

CELLS 3 2.223 1.274

END OF DISCHARGE BATTERY PARAM ETERS
BATTERY CUTOFF VOLTAGE 4.67 REC. CELL CUTJFF VO LTAGE 1.75
CAPACITY OF BATTERY FOR THIS DISCHARGE 101.69 PERCENT
TOTAL BATTERY VOLTAGE 6.240
INCIV ICUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.079 1.250
CELL S 2 2.083 1.2 50

CELLS 3 2.077 1.242

END OF CHARGE BATTERY ON FINISHING RAT E
CHARGE r~U M 3 E R  18
TOTAL BATTERY VOLTAGE 6.013
INDIV ICU4 L CELL VOLTAGES SPECIFIC GRAVI TY

CELLS 1 2.667 1.278
CELL S 2 2.679 1.279
CELLS 3 2.667 1.272

DISCHARGE NUMBER 19
DISCHA RGE CURRENT 4.50 DURATILN OF DISCHA RGE 3.98 HR.
RECCRD EC CELL 5 3
START CF DISCHARGE BA TERRY PARAMETE RS
TOTAL BATTERY VOLTAGE 6.700
INCIV ICUA L CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.233 1.278
CELLS 2 2.241 1.279
CELLS 3 2.23~ 1.275

• END OF DISCHARGE BATTERY PARAMETE RS
BATTERY CUTOFF VOLTAGE 4.68 SEC. CELL C~ TOFF vOLTA GE 1.65
CAPACI TY OF BATTER Y FOR THIS DISCh AR GE 107.55 PERCE ’~T
TOTAL BATTER Y VOLTAGE 5.810
INGIV ICUAL CELL VOLTAGES SPECIFIC G-RA-II TY

CELLS 1 1.933 1.245
CELL S 2 1.942 1.242

- 

- 
- . CELLS 3 1.935 - 1.238

~~
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END OF CHARG E BATTER Y ON FINISHING RATE
CHARGE NUMBER 19
TOTAL BATTERY VOLTAGE 8.015
INCIV ICL ’AL CELL VOLTAGES SPECI F IC  G R A V I T Y

CELLS 1 2.673 1.279
CELLS 2 2.680 1.283
CELLS 3 2.670 1.277

DISCHARGE NUMBER 20
DISCHAPc-E CURRENT 4.53 DURATION OF DISCHARGE 3.78 HR.
RECCRDEC CELL 4 3
START CF DISCHARGE BATERRY PARAMETERS
TOTAL BATTERY VOLTAGE 6.628
INCIV ICUAL CELL VOLTAGES SPECIF IC G R A V I T Y

CELLS 1 2.212 1.279
CELLS 2 2.217 1.283
CELL S 3 2.214 1.277

THE RECORDED CELL CONTROLED THE DISCHARGE
END OF DISCHARGE BATTERY PARAMETERS
BATTERY CUTOFF VOLT AGE 4.63 R~ C. CELL CUTOFF VOLTAGE 1.50
CAPACIT Y OF BATTERY FOR THIS DISCHARGE 102.15 PERCENT
TOTAL BATTER Y VOLTAGE 6.219
INDIVIDUAL CELL VOLTAGES SPECIFIC GRAVITY

CELLS 1 2.075 1.242
~ t 7 0  I

4 4 J IQ

C ELLS 3 2.071 ~..243

END CF CHARG E BATTERY ON FINIS HING RATE
CHAR GE NUMBER 20
TOTAL BATTERY VOLTAGE 8.119
INC IV CUAL CELL VOLTAGES SPECIFIC GRAVITY

CELL S 1 2.695 1.280
CELL S 2 2.721 1.280
CELLS 3 2.700 1.276

r 
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