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PREFACE

This is a verbatim tranccript of the Annual Battery
Workshop held at Goddard Space Flight Center, November
19-20, prepared by Ace-Federal Reporters of Washington, D.C.
The material covered at the workshop includes a discussion
of the low cost/standardization program, test and flight
experience, storage experience and manufacturing improve-
ments, materials and cell components, analysis and new
developments in the Ni/H2 system, The meeting was attend-
cd by cell and battery manufacturers, users and interest-
ed government personnel. A list of attendees appears

in Appendix A.
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PROCEEDINGS

I INTRODUCTION: G. HALPERT/GSFC

Each year we take another stride forward toward our
objective of improving reliability of the nickel-cadmium
cell. Our aim may be directed at the aerospace applica-
tion but our interest is improvement for every applica-
tion, including calculators.

o achieve these goals requires communication between
manufacturers, users, and government personnel. We be-
lieve that the success that has been achieved is due to
you, the audience, who has actively participated through

your presentations, questions, and comments during our
past workshops.

The program for this, the sixth annual workshop, in-
cludes A discussion of tne new, low-cost standardization
approach to cells and batteries. This short discussion
will be followed by testing and analysis and other improve-
ments of the cells, and will be topped off by some dis-
cussion of new developments in nickel-hydrogen.

We hope that this workshop will be another step fcr-
ward toward our improvement.

Now, without further ado, I would like to introduce
this morning's speaker. To kick off this workshop meeting
today wa have with us William H. Woodward, the Director of
the Space Propulsion and Power Division, Office of Astro-
nautics and Space Technology. Bill has been associated vith
the space business for some time, since he joined NACA ip
1943, He continued in aerospace when NACA became NASA irp
1958, and has been associated with space power since 1961.

Bill is here today to gyive us an insight into NASA's
role in battery development, and to loolk into his crystal
ball and tell us what the fnture holds. We have asked him
to provide the activation energy necessary to get uthis
workshop off to a thermodyrarically favorable star.,

I am pleased to present William H. Woodward,

1
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I1 NASA's ROLE AND OBJECTIVES: W, H. WOODWARD/NASA-HQ

WOODWARD: O.K.

With that kind of an introduction, I don't quite know
how to start. The right thermal environment is hot air,
perhaps. I've got lots of that.

I'm a little shocked at how long I've been around this
business, but I find myself in the unenviable position of
speaking on a topic to a bunch of experts that I don't know
very much about, so let me proceed. I don't think you need
much activation but maybe a small prod in one or two direc-
tions, and then we will proceed.

Also, let me add on benalf of NASA Headquarters a
welcome to you to this annual workshop. We appreciate
your making your time available and we hope that you will
find the time well spent. For our part, the fact that we
keep holding these meetings each year is the best evidence
of their value to us. And in addition, I'm assured that
the progress made over the years in the guality and per-
formance of rechargeable space batteries is due in some
part to meetings such as this.

Of course, sitting in my downtown office and looking
at some of the reports and receiving an occasional briefing
from Chuck MecKenzic and so forth, I don't find the rate of
progress to be exceptionally high. MNo lcubt that is be-
cause I don't appreciate all the detailed efforts that must
be exerted in each task to make it successful.

Be that as it may, I get the impression that I've
heard about separators, seals, operational lab quality con-
trol problems for as long as I've been associated with the
batt.ry program, and that goes back to 1961. It is almost
as though such problems are a virus, momentarily and just
barely under control, but ready tc mutate into a new and
a virulernt strain at an embarressing moment. And for my
own sake, I just wish that we would be able to rectify
this situation.

o




I've been looking for reasons as to why this situation
exists, assuming that my impressions a' » correct, and I find
that one, perhaps the outstanding reasc., is the historical
precedent.

There were so many crises at the beginning of the
space age that firefighting has become a way of life in
battery R&D, with little effort left over for agency-wice
long-range planning. That's the reason there was a little
in-house qget-together yesterday afternoon to see whether
we could step back from the day-to-day problems a bit and
focus on some longer-range goals.

I hope and trust that this workshop would be able to
give adequate attention to this subject.

Of particular importance in this regard is the future
of the ni-cad program. I understand that nickel-hydrogen
and silver-hydrogen cells are becoming fashionable sys-
tems to work on. Aside from the fact that we haven't the
resources to support everyone working on the same systems,
I must ask the question, perhaps somewhat plaintively,
what's wrong with the ni-cads? After all, we have years
and millions of dollars of hard-won experience with them.
In addition, they probably will continue to be the work-
horse space battery for many years, and are finding their
way into the planetary program.

Finally, advances in ni-cad technology presumably will
easily find their way into the ground systems such as the 3
computers as we heard earlier. -

I submit to you that it may be worth our while to con-
sider ni-cads from a long~-range, non-crisis point of view
before hurrying on to the next green pasture. !

I mentioned the word "resources," near and dear to
every R&D gentleman. And I must admit part of the reason
for the slow progress that I'm unhappy about must be the
rapid decline of the available funding from perhaps six
million in the OASD program at the height of our glory to
the current one and a half million per fiscal year for
electrochemical R&D contracts and grants. Realistically,
I cannot promise an increase. In fact, I will have to say
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that all our programs are constantly being screened for
possible cuts.

Unfortunately, I must also confess that I and the
people around me are running out of ideas -~ begging yocur
pardon, Mr. Cohn. -~ for justifying our battery program.
On one hand, not many spacecraft failures can be attri-
buted to batteries. On the other, batteries are not the
limiting technology for future missions and it is very
difficult to quantify the benefits of improved performance
in batteries. We badly need a better justification fcr our
battery program; otherwise, I fear that our budgets will
continue to shrink as the competitive pressure for other
research areas bhecomes more intense.

Perhaps this is right and proper. Maybe we have
reached the happy point and the batteries are about good
enough, but we should not permit it to occur without pro-
per analysis and argqument. Any help that you can give us
in this regard will be appreciated.

F.nally, to not be misunderstood, when I emphasize the
ni-cads I did not :nean to say that we should not be looking
at higher performance systems such as the silver-hyirogen
or the nickel-hydrogen. I'm trying to say that we nust
keep a balance in our program and hefore we discard some-
thing like the ni-cad system I think we should be satis-
fied that it indeed makes a great deal of sense and is not
just for current fashion.

With these few and short words, and I don't know how
much incentive I‘'ve managed to insert, now let me wish you
an interesting and successful time at this workshop.

Thank you.

HALPERT: Thank you, Lill.

Bill said he would entertain csore aquestions from the
floor if there were any with regard to his comments. Does
anybody want to take a chance?

(No resmonse.)

Thank you, Bill.



III LOW COST STANDARDIZATION PROGRAM

With that we will move on intc our next part of the
meeting which is kind of an introduction to the new low-
cost standardization approach, We will have kind of a
brief, three-phase discussion.

Tom Hennigan will bring us up to date on the back-
ground of the low-cost program. Flo1 Ford will discuss
the present situation in the ad hoc committee and where we
are going, and I'll try and talk about the new cell or the
cell standardization objectives and approach that we are
interested in,

I1I.1 BACKGROUND: T. HENNIGAN/GSFC

HENNIGAN: 1In May of 1972, Dr. Low of NASA, who is
Deputy Administrator, initiated a program to reduce the
cost of spacecraft. This included a cost reductic of
component subsystems and total system and test and evalua-
tion associated with the spacecraft; reduction of cost of
documentation was also a goal.

Lewis Research Center was 2lso given the responsibi-
lity of organizing a power working panel for solar battery
ocnd power conditioning committees to determine methods to
achieve cost reduction.

Goddard was given the responsibility for the battery
work, A committee was formed with the following people:
Trout of Johnson, Paschal of Marshall, Kraus, formerly of
JPL, Bene of Langley, Miller, Wright-Patterson, Billerbeck
of Comsat, and Bill Webster and myself from Goddard.

The first task was to set up a catalog of all types of
batteries flown on spacecraft. This would include the
cdesign of the cells of batteries, how the batteries wer:»
used, and the cost in particular, a breakdown of recurring
and non-recurring costs, costs of testing, design, manage-
ment and so forth,

This type of cost breakdown was very difficult to get.
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It was decided that the catalog would not be useful for the
purpose of determining and reducing the cost of spacecraft.

A second task was to report to the power working panel
a best estimate of cells of battery sizes required, based
on the NASA mission model and some Air Force requirements;
in other words, should standard cell sizes be recommended
for the pre-shuttle and post-shuttle periods.

A study was made by Bill Webster of Goddard tc deter-
mine the ampere hour sizes of nickel-cadmium cells that
had been used in quantity.

May I have the first slide?
(Slide )

On this slide the results of the survey are shown. It
covered 120 spacecraft and about 20,000 cells. As you can
see, the 6, 12, and 20 sizes were used extensively.

The 4-1/2 ampere hour size is a cylindrical cell used
primarily on Nimbus and was not considered to be a standard
size.

May I have the next siide, please?
(Slide 2.)

Now based on this, in the nickel-cadmium area we would
have nominal or standard sizes of 6, 20, 50, and 100.
These would expand in height only or decrease in height to
get -- like for a 6, to get a 3 to 8, so your footprint
would always remain the same. And say for the 20, 50, and
you could go up to 120 ampere hours.

We did recommend some types of designs: for the small
size, the box, which has been used a lot for small cells,
or the fin, like on SMS; and again on the 20, a nominal
size of box or truss-type. The OGO is a truss-type
battery.

Then for the 50's we went to a module size and for the
100 we used the four-cell module designed by Grumman for

6
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the space station.

For the silver-cadmium these four sizes have been
flown: 3, 5, 10, and 16. And it didn't seem like there
was going to be much use for any sizes larger than that,
and 10 would probably be the most popular size for the next
few years.

The encapsulated design was adequate.

For silver-zinc, it has such a limited use that it did
not seem worthwhile to go into a standard design.

For small sizes, at least less than 16 ampere hours,
we could use the encapsulated design, the same as the
silver-cadmium,

Then after the study, it was required that we come up
with some designs for the rre-shuttle range and we kind of
did away with the up and down, or the height of the battery
and went to four sizes. These four sizes would furnish the
cells that we need from 1980 because the highest power
range for JASA will be two itilowatts. In the 1980's they
are for«casting sone large ones of 10 to 5 l:ilowatts, but
we don't know if they are ¢going to go.

So the sizes that we picked were 6, 12, 20, and 50,
the latter being optional.

I think Floyd Ford has more to say about these sizes
in his talk.

Thank you.
II1.2 ORGANIZATION AND GCALS: F. FORD/GSFC

FORD: Thank you.

My name is Floyd Ford. I would like to give vou a
summary, more or less a debriefing on the current status

of the low-cost effort, particularly related to our thrust
in low-cost batteries.




T e G A

-~

(Slide 3,)

After the conclusion of the study that Tom talked
about, with certain recommendations, the Low Cost Systems
Office at NASA Headquarters was somewhat reorganized and as :
its present status it has a Low Cost Systems Office with ) «
four major standard equipment panels.

The equipment panels are represented by NASA people
from the various centers and by Air Force people, at least
on some of the panels.

I would like to draw your attention particularly to
the power equipment panel which at this time is represented
by NASA people only. But under the power equipment panel
they have established three ad hoc teams, one for power
processing, one for solar cells, and the third one for
batteries.

The purpose of thecse teams is to advise and to consult
with the power equipment panel on what work needs to be
done and more specifically, how to achieve the goals of
reducing the cost on spacecraft batteries.

(Slide 4.)

The objective, obviously, is to reduce the cost »f
spacecraft batteries, which is only one of the many ¢ m-
ponents of the spacecraft. But to save millions of dol-
lars, you have to learn how to save dollars, and that's
where we're starting that here today, is learning how to
save a few dollars a day, add on to that tomorrow, and then
ultimately reduce the over-all cost of a subsystem.

Now the goal is to adopt a standard family of nickel-
cadmium cells. We have chosen the 6, 12, 20 and 50's, and
I think the previous discussion gave you an idea of why we
have selected those to standardize on.

From that establishing of standard cells we will pro-
ceed to establish standard battery packages for that family '
of cells.

Then we will work on standardizing the charge control

8
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techniques for batteries. And when I say "standardize
charge control," this probably is one of the biggest
cl.allenges because of the variations you get from cells,
#ad aliso the variations from manufacturer to manufacturer
£ cell characteristics.

Of course the over-all goal, and it's a projection,
that at least from the NASA viewpoint, that we will proba-
bly be able to use the standard batteries in over 80 per-
cent of our missions.

The cost-savings benefit: Well, first of all we're
ttill talking about percentage-wise, but the cost-savings
in documentation is a fairly small percentage of the total
cost of the battery. Nevertheless, you have to start
there in order to achieve a standard battery configuration.

The other thing: It eliminates the engineering de-
sign time presently required for each program.

Another potential cost-savings is the need for re-
qualification.

The concept is simply this: Once we have built a
lbattery and qualified it to an over-all signature level,
both mechrs.uical and thermal, the signature level that we
choose will be one that will encompass the requirements of
a multitude of launch vehicles including the shuttle,
because we are not just talking about the pre-shuttle era
but we're talking about the post-shuttle application, too.

Along these lines, we have had some discussion re-
cenily on the man rating aspect of nickel-cadmium
batteries .. be flown or at least be handled in the pay-
load arrs of the shuttle. This is an area we still have
not c: 'rified significantly to our satisfaction yet, but
the indications are now that the type of batteries we have
b¢ :n flying on the scientific series »f satellites,
uamely hermetically sealed units, we may be looking at
pressure relief configurations either on a cell and/or the
battery level.

Nr.w of course the follow-on which may result in the

9
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most significant cost saving is the reduction in amount of
battery testing that is associated with each new program.

Now I stand here before you and admit this is an ambi-
tious program but I also have to make you aware of the fact
-- something you are well aware of, I'm sure, that with the
cost escalation that is associated with everything today
we have got to do things that we have not done in the past.
We have got to be able to get more effective use of our
dollars or else we are going to cost ourselves right out
of the aerospace business, and along with that we will cost
ourselves out of a job.

(slide 5,)

I would like to show you the present membership of the
ad hoc battery team, and I have a main objective in doing
this. One is to familiarize those who are not aware of
the existence of this team, and so also give you a point
of contact for any input you may have, or any suggestions
you may have along the low-cost standard battery approach.

For the sake of the record I will read the nanmes:
Tom Hennigan, Goddard Space Flight Center; myself, Flovd
Ford; John Rubencer, Anes Pesearch; Uchiyama, from Jet
Propulsion Laboratory; Paschal from Marshall; Barry Trout
from from Houston, Johnson Space Center; Jim Been from
Lewis Research Center; James Bene from Langley; Bill
Nagle from Lewis; Gerry Halpert from Goddard.

And the Air Force participation is Captain Straton,
Dave Pickett, Robert Kerr, and Harry Killian from Aero-
space.

At this time Gerry Halpert will give you the status
of the current, on-going program, and define some of the
most -- what we call the intermediate objectives of the
next couple of years.

10



I1I.3 APPROACH/OBJECTIVES OF 20ah CELL PROGRAM:
G. HALPERT/GSFC

(slide 6.)

In terms of our standard 20 ampere hour cell, we call
out our objective to produce a standardized design 20 am-
pere hour cell with a specific envelope configuration.
What we intend to do is to establish one MCD manufacturing
control document with each manufacturer so that we can re-
fer to that one document to purchase all of our 20 ampere
hour cells. We don't want to change the design cvery time
we buy a new cell, so we are going to work it out so that
there is one MCD with each manufacturer.

The design will be for a standard family, although
this procuremeni will be only for the 20 ampere hour cell;
that is, the present design. We would like the MCD to
serve as a link toward designing the standard family as
well so that a minimum change in the MCD would be re-
quired to change the family or to change the cell size.

We would like to be able to have the cells in a pack-
age, an envelope that would fit into a standardized
battery package; that is, no matter what manufacturer we
buy from, that cell will fit into a standardized battery.

One very important goal is to have reproduceable
cells from each manufacturer so that we again, buying one
this month and buying one next month or next year, we are
fairly sure or we would like to be assured that we get the
same product with essentially the same characteristics.

That is, reproduceable cells from lot to lot is the
important thing. Obviously, we don't expect the manu-
facturers to be able to give us the same properties as
other manufacturers. Eash would hopefully have each
characterized so that we would know what the manufacturing
characteristics are for the nickel-cadmium cell,

At the very end we want to develop a source

11
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control document for identifying qualified suppliers, and
salient characteristics of each supplier‘'s cell. This
would be a document like a mil. spec where we would buy

a 20 ampere hour cell to this mil. spec or this SCD, we'll
call it now, for NASA's use., And that SCD will describe
the manufacturers who can produce this cell of the quality
we want, that we would like. And then it would be up to
the procurement people to handle it from there.

(Slide 17.)

Our approach is two-phased. First, documentation;
that is, to produce a MCD which will meet the requirements
that we would like to see, all up~to-date specification
and docume:.t and drawings, tests on quality and so on,
based on the present 74-15,000 specification that we have.

We will be very happy to throw out that 74-15,000
specification, and I'm sure many of you feel the same way,
if we have an MCD we can rely on. We don't want to use our
spec; we want to use your spec, but we want you to stick
to it. That's the approach there.

The second phase will be hardware to produce 290
ampere hour cells based on an MCD, the number to be deter-
mined some time later. But the idea is now, once you've
shown you can have the documentation, let's produce it to
that documentation.

(Slide g,)

The specifics of the documentation would be to have
in there the cell design, the assembly instructions, the
testing, the inspection, the drawings and document con-
trol for those drawings so that we don't change drawings
or modify them without adequate knowledge or description.

The data sheets ought to be in there, the quality
assurance provisions, and what we think would be a good
step is provisions for a data log in which all data for
the cell would go into, and that would be delivered at the
end of the program. In other words, we don't want loose
papers, we don't want loose sheets. We would have a log

12



8 N4

907 V1VQ HOA SNOISIAOH @
SNOISIAOHA IONVHNSSY ALITVND ®

S133HS V1VOP

W3LSAS T0HLNOD LNIWNDOQ ONIMVHG OGNV SONIMVHA @
$34NAII0Hd NOILIIISNI ®

$3UNA300Yd 1534 TWOIHLI313 B TVOINVHIIWS
SNOILLONYLSNI ATAW3SSY o

NDIS3IQ 1130 @

‘3GN1INI OL SI GIW 3HL
NOILLVINIWNI0Q 'V ISVHd

£ 3UNN4

NOIS3Q
AHIL1VE QUVANVYLS V OLNI ATBWISSY 40 3718vdvD 38 1M
AVHL GOW QUVYANVLS IHL NO,G3SVE $113J YV 0Z 3I02NA0Hd OL

JUVMOYYE "9 ISVHde

QoW QHVYANVLS
Q3Y3IAISNOD 38 1M LVHL NOLLYIIF1D3dS 000GL-PL D4SO IFHL
NO G3SV8 GOW 3LVHNIIV ‘I1va-01-dN ‘ILITdWOD IDNA0Hd OL

NOILVININNJ0Q 'V ISVH4e
HIVOY¥ddY

9 N4

7739 S.¥3I1VddNS HOVI
40 $O11SIHILIVHVHI LNIITVS ONV SHII4INS GI141TVND ONIAL
-11N3AI BO4 (a3S) LNIWNIOA TOHINDD IDUNOS V 10 IN3WI0T13AIA

101 01 107 WOY4 S1132 3TRIDNAONC3Y

HIMNLIVINNYIN INO NIHLIM $173D 3T7812NA0U43Y

IDVIIVE AHILIVE QUVYANVYLS ¥ NI $113D 40 ALITIEVIONVHIOUILNI
$71132 4V 0§ ‘0Z ‘2L ‘9 40 ATINVI QUVANVIS

ANINIHNIOYd 173D JHNLNA YOI QUVANVIS V SV
FAHIS TTIM LVHL HIHNLIVINNYW HOVI HLIM QOW NV HSIT8V1S3

SWO03

N ¥4 ¢ B e

NOILYHNOIINOD
340TIANI 1412345 HLIM 113D YV 0Z NDISIA QUVANVLS Vv 3DNCA0Ud OL

3M1123180
T13) HV 0Z QYVANVIS

S NI

NO11YHO4¥0) IIVASO¥IV
NYI T ANYVH

354 30804 ¥iY NOSHILLYY- IHOIUM
Yy "1 14330%

ISV 30304 UIV 1 OS¥ILLYd-AHOT M
L3N "3 Q1AVE

XVAGOSWYS
NOLYHLS ¥ °( “id¥D

30404 Ny

VNI LHOIS IIVAS Q¥V000D
1434 WH aTVEID)

YN KOEVISIY SIMN
TIOVN "HWVITIM

HIUND) HIUVISTY ATONVY
NI SINVT

¥3INID HOUVISIY SIMTT
N33 T

HAUNI) IIVAS NOSNHOP
1N0YL AdYve

TWVHSHYW "D 394039
WHISYd "3 1)

ABOLVYOEYY NOIS 1NdOBd 130
WWYALON ¥V Y

YLUNID HIUVISIY STV
YIZNIINY NHOT

WIINDD LHOI 4 3IVAS QUVaN0Y)
G¥04 3 GAOH

HIINZD tHH T 2IV4S Q¥V000I
NVOINNIH °f SYWOHL

ysn

SY32tiaty V3L Au3liva JGH Qv

12A



B

~a
A

which starts with the very first certification by the ven-
dors that the manuficturers deal with, down to the final
testing that the cell manufacturers do.

(slide 9, 9a, 9b, 9c.)

The size envelope for the 20 that we're talking about
looks like this, and I won't bother to read all those
things off. I think you can see them. This will be in the
rinutes.

We notice down here to the left I have two require-
ments listed, or three requirements: that the minimum
capacity be 20 ampere hours, maximum 24. We'd like to
standardize on something we can keep within certain limits
and not put in extra or additional loading that we really
do not desire.

Again, a maximum weight here would be one kilogram.

Tom has worked up not only this one but the cell
dimensions or the envelopre for the 6, the 12's, and the
50's, and we would hove to be able to put this in the docu-
ment even thouch vou don't see it here today so that vou
will have something to work from in the future.

(Slide 190.)

In the hardware, in the phase B section where the
cells are manufactured, we're going to implement a buy-off
review. This is a review after plate tests are done; after
the manufacturer has procured his basic materials, the
separator and cans and so on, we would have a buy-off
review to see whether the materials used in the cells will
meet the design that he has said he is going to meet;
that is, is the capacity right, is the loading right, is
the separator right in terms of its characterization and
80 on. So here we would buy off the components essen-
tially before we would allow the cells to be built.

The samples would follow and then we would go along
in the usual way with all the manufacturing and the test-
ing, including some vibration tests.

13



Ao 4 LG b o -

4oF p—a—

>

uu.m.\w.i.wl_

Zr 7 reeq/

]
e

(e

mne

se/me/tt

‘use1dep ZI WINITA 18400
oy awgnojpuadsed sy oy aqal (T)

as "W §2%°0

a0 ey 291°0

SRAL 1% 11 (1)

sneg
adl .28 et a8 11 adh 35383 “m> gge St "= 0oL Pt
"EY 20°% “uY oBL"Y ‘oY €T 1 TEY €STY “uy DES°S bt A1
o 284 "= 95 gt ‘=3 @oL° € cw grgcLt “® 9rETEl
‘"TTN'e "®1 ZTO'$ ‘ey 09T "ut o0®°S “ey oto'9 eneyxen
[t [{ } w
oreRTRIaL (L] (52 etvuimiay ;o doag i
sesajey saevistg q«“pra susuNIYTRL ag item 1790 ey
(efuvy) sworsuemi) 110 Imofl azadey g
1 TEVL
l o T — qa .|||_
— sLAT/IT
> o
! ] | —
50 ’
e _ln.w Il_
Tw T Sree ) IXC
‘woesBep ¥ WIYITA 180>
(1% 03 suinoypsadsad oq 03 eqng (L)
a0 ‘= 529°0
a0 "y L81°0 *AnL TTH (%0 (D)
sojon
| 9y cu IgE°L ‘= EEX% ‘m> 920" 11 ‘w2 cpl o1
“e% w1 "oy S98° L ‘®Y CI8°0 ‘uy 0ec/Y ‘el olo'y seIeIn
el 2 4 ‘.3 Le9L "® t0TE ‘@3 grec 1t ‘®3 £9¢ ol
‘et &Lt “ey C00°C ‘e 069 ‘ey TR P ‘=Y 000 ¥ Lad i ]
(m (0 (v
sjenymIag {a) ) syeuymsar 30 4ol RL AL
ases ey sowwyetq LTI sEsuRItRL or 1IN 110 1o

(slusz) sworsmewig (183 sneg esaday g|

[ 33

O D e v e

avl

V6 34N

<42k p—a—o

) Lyl L

ey e~ 7 —

‘88e1lop £T SINIIS J6A0D

s/l

1182 01 Jeinatpusdami aq 01 eqnl (F)

a0 W g4p 0

a0
‘w3 50 € “w> get’s > ggo'z | 992 6
LA 2 ‘%Y 020 T Ut o080 "ey ob9 €
w2 gL € - 5k S - se1°Z ‘| 108 &
“r ezt .t zpt B ‘9% 0980 . 08 €
(3} [CH)
slenieuag {(a) () stwemaal 30 4ol
Seta 0g ewwieIa LIITY ssamgoInd oL judtedt 1190
(eSuvy) sworseenig 1180 inel extdwy @
vy WVl
—~ )~ = Q-
D]
>

L i
. o e
zetsaionazs =3~

"1 491 O SNl 1t 1190 (1)

> 3Z0 §
“l oetl €

> 1t ®
LAN: 14984

N
1A
=y

UL LM MWK
Y O PZ ALIDVEYD MOMINYS
WY G 07 ALLIVAVD RN

5334030 2+ ML 1M 83IAGD 113D 04 B HIIGN I 39 168 UL T8NL 4

a0 wasvo
QGO %I (BL O IONL Y1512 b
S3108
A T
NdiEv | WO | mOSsiZ | mOowva “ieGe
T i Lt T
NZEL | NOSZ  NOSED | Nioms ;f NiEES |
+ —+ + —t
z l omoeme i ~ i e
wzsy | . o | wmm ;e v
N NISIDE s 0 " NLOLL L OIS
3 T . .
STyhimail a > { STvnimelL v
nNIINLIE ¢ HITm SSINWIHL | 40 w01 OL Bkl
NVISIO | fiuDran 1130 »vdy

(39NVY) SNOISNINK T3

——yein

13A



+ s S

pr

Finally, the delivery of the data log with the cells
and then a chance for the manufacturer to submit finally
an MCD which we can call the right MCD.

I guess one of the things I hat : not mentioned is the
fact that there would be three MCD's, two that NASA would
get and one that will be maintained by the manufacturer
himself with all of the proprietary documents. That MCD,
the master MCD we'll call it, would stay at the manu-
facturer's facility and not be deliverable. A suitable
NASA official -- a designated official would have access
to that MCD., and anvone else whom he and the manufacturer
recognize as a qualified indiwvidual.

Tharefore, the manufacturer would not have to give
out any proprietary information that he desired not to.

The two deliverable MCD's would be those in which the
proprietary documents were called out with their dates and
revision numbers, but that would be all.

(slide 11.)

The concept in reviewing again the MCD's based on
the 74-15,000 spec: The maximum use of existing design
documents and drawings is not a development. We don't
want to start from the beginning. This is what you have
already, what the manufacturer has already, and then modi-
fied or revised to meet the present design.

There will be no exceptions to the spec allowed un-
less satisf:ictorily identified, and the proprietary docu-
ments will be in the master MCD, again access to that
through a Goddard representative. And all the future pro-
curements will be based on that standard MCD.

(Slide 12.)

Finally, when we talk about using these cells now, we
iave cells in-house and we want to build them to the
standard battery, a motherhood statement with regard to
standardized battery considerations because we really have
not finalized these at all.
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It includes consideration of cell-to-battery weight
ratio, the ease of manufacture of the battery, the ease of
assembly and disassembly, the complexity of the system, the
thermal design, the mechanical design, and I guess I
could go on with several more, but these cells will be used
in the standard battery program, the standard battery de-
sign which will come at a later time.

(Slide off.)

That really concludes the discussion of the low-cost
program but I'm sure Floyd, Tom, and myself would be very
happy to answer questions with regard to this if there are
any at the present time.

CORBETT: I guess I have kind of a loaded question,
Gerry. That is: Do you have any plans for specific
battery mechanical design which will include requirements
on the cells? The first thing that comes to mind is some
of the things that really crank the cell design require-
ments are the battery package, the pre-load design, and
then you have to have enough strength in the side walls
so that the cells don't buckle under the pre-load.

For this reason, for example, you have 6 ampere hour
cells that can be bought with anything from I guess 19 to
30 mil can thickness. If it's a welded can it can be
pretty uniform. If it's a drawn can it is kind of thick
on the edges and that gives you more strength. You know,
there are all these kinds of interface considerations that
tend to relate to better mechanical desig:as.

So could you comment on that?

HALPERT: With regard to the mechanical design of the
cell, we'd fix on one design and allow for certain modi-
fications in the can wall which is, of course, not an
electrochemical problem but a mechanical problem based on
what a manufacturer or what a battery requirement is.

It it is for a vibration problem where the cell has
to be thicker, cor some kind of g forces, then that would be
-- certainly a modification would be involved.

15
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What we don't want to Go is to change the loading,
change the plate, change the structure of the cell so that
the characteristics are different. That's what we reelly
want to be the same.

CORBETT: This is a critical cost element though be-
cause one of the things I guess that really hits the manu-
facturers is having to keep an inventory or else to order
so many different kinds of cans, styles and terminals and
that sort of thing, both welded and drawn. And it is not
only a cost problem but a schedule problem, too.

FORD: Yes, Bob, your question is very relevant and
it is one that we have looked at and are still l.cking at.

Specifically, the answer to your question is .uaat the
standard cell will be just that. It will be designed t~
accommodate all the environments that we can anticipate
for i1t for a large percentage of satellites. It will not
be, necessarily, designed to accommodate a purticular --
like an impact design for lander -- you know, L .gh g levels,

VWie are trying to achieve a high vercentage of use
of th2 starndard YLattery.

.ow the standard cell will be as the manufacturer
proposes. I would like to make a point though about this
weight.

We have had three meetings of the ad hoc battery
team., At the last meeting we reviewed-- In a two-day
session we reviewed at least a dozen different battery de-
signs that have flown or at least are going to fly within
the next two years, but most of those we have had con-
siderable experience witi.

It is my honest orinion that some of those batteries
could be dropped out of a C-5-A and land on the ground and
still stay intact, and I'm talking about from a consider-
able altitude.

I think tha* we have to optimize the mechanical de-
sign but it was the general consensus of the ad hoc

battery team that while wecight should be a consideration
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in the battery design, it should not be given the primary
consideration,

Now we're faced with this philosophy that things that
fly on the shuttle will have a weight problem. I don't
think that we can live by that real hard. I think that we
have to consider optimizing weight kut yet not cutting
down weight sufficiently that we may have a marginal de-
sign for a good percentage of our applications.

I guess one other point.
Bill Limberis, will you stand up?

He is the Program Manager for Power Subsystems, Low
Cost Systems Office at NASA/HQ.

One other point about this: The mechanics of imple-
menting the standard design is s3till in the mill. In
other words, we come up with the standard configuration
of the cell. Gerry has mentioned the SCD. Ultimately we
will have something in the follow-on that will define the
standard battery packages.

Now the project -- I'm speaking for NASA, not the Air
Furce. The NASA projects will be required to review the
standard component list and I am now not talking about just
batteries. You saw the other panels that are working
there, and there are other groups that are working on
standards like the standard tape recorder, the stauadard
spacecraft computer.

The future projects will have to show cause why they
can't use the standard configuration, whether it be a
battery, a tape recorder, or a computer, or a propulsion
system. The incentive for the projects to use the
standard components is primarily the cost factor, that they
dc 1't have to pay for tle development.

If they show an incompatibility with the use of any of
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these standard components, then the project will have to
absorb the cost of either modifying or whatever they re-

quire, or even going out and maybe developing a new one in
order to meet their needs.

Bill, do you have any other comment along those lines?

LIMBERIS: No, I think you summarized it pretty well.

There will be a catalog of standard equipment which
by direction of Dr. Low Deputy Administrator will he nged by
every project unless a waiver is requested. According to
what Floyd has been saying, we're trying to develop a
standard 20 ampere hour cell that any project, by access-

ing our catalog system, can procure and be sure of getting
the same cell each time.

GANDEL: I'm Marty Gandel, Lockheed.

Floyd, if you look at, say. the 20 ampere hour cell,
what's the projected usage that is-- How many programs do
we have to look forward to in the next, say, five years or
ten years, if you want to restrict it to NASA prograns, if
that's easier, that would use the 20 ampere hour cell?

Let's just take a number. l!laybe there are 10 prog-
rams, 20 programs, whatever it happens to be. Uow with
that you associate a certain amount of non-recurring en-

gineering that would be spent on that program if you didn't
have the standard cell.

Now working with the so-called standard cell,

can you
quantify

the amount of engineering that would be saved?

Now

what I'm looking against, and this is being hyper-
critical

-- I'm trying to be very critical of it. If we
look at the list of people on your ad hoc committee, there
are no manufacturers that aren't the major users,

these
people in the government aqencies.
And so I toss one bhack to Mr. Woodward now:

When we look at the over-all economics, we have the
same number of people employed in the same number of
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agencies overlooking all of these things, even though the
number of programs goes down. Now at some point there is
a crossover between the staff costs and the -- quote --
"cost savings" programs against the cost of those programs
if you didn't have cost savings.

I think somewhere you've got to make a systems analy-
sis and see what you're getting for the effort.

I've made kind of a speech out of this thing, Floyd.
Does it make sense?

FORD: It certainly does.

Well, I'm not sure exactly what the question was but
I think I understood your statement very well.

I have to point out, as I think I did a little earlier,
that the cost savings that we're looking for isn't neces-
sarily with the standard cell, particularly the standard
20. We're looking at the total program as far as the over-
all cost savings. And gquite frankly, if I had to stand--

I could not stand here and justify the¢ program, based on
the 20 ampere hour cell cost savings alone. 1It's the total
picture, including all the way through to delivery of
batteries to the spacecraft.

But in order to get a standard battery you have to
start with the cell, with some defined footprint. And the
reason we chose the 20 is because looking at NASA's pro-
ductions and looking at the projections the Air Force has
provided us with, is that it is going to be one of the
major users. That is the first cell. That doesn't mean
we're going to stop there.

We hope to, immediately thereafter, proceed to de-
velop the 6, 12, and even the 50.

Now interestingly enough, the 50 ampere hour sizes,
as far as the NAS! projections are concerned, in the next
ten years still will be few in number. Their projection
of use is predominantly in the 12 to 20 ampere hour. And
I think if they look at the -- what do they call that? --
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the mission model that NASA has made up, and look at the
types of spacecraft, the power requirements, you're talking
about power in the range of a half a kilowatt to a two-
kilowatt system. But there are still a large number ot

spacecraft down in the 100-watt range, the 100- to 200-watt
range.

But the best data we have says that the 20 will be
the biggest user for NASA in the next five years, and I
believe that is consistent with the Air Force projection.
However, their projection shows use of the larger cells;
that's the reason the 50 is included in the program.

WOODWARD: If I might get at it from a different
angle, I sympathize with your comments that maybe we've
got too many people beating a small problem to death, and
maybe we should go back and look at our balance of people.

The cormment that we do not have industry people on
the panel and we need that input is well-taken. There is
another angle I would like to just suggest.

I said earlier that these problems of quality con-
trol and seal vroblems and overational problems keep turn-
ing up and they cost us money. Jow if we can find a wav
to get to automation or at least makinag the same doggoned
thing the same way each time with a high degree of confi-
dence, I think it would help. Let me draw an analogy.
Every time I do I get in trouble but I'll try it again.

The American automobile engine is a vretty agood en-
gine as far as the engine itself. I don't mean the acces-
sories. When I was young and gay, yes, we overhauled
engines at 40,000 miles and we Were using two quarts of oil
and so forth and so on per thousand.

I don't think you'll find, if you thirk about it,
very many modern automobile engines that are giving any
internal troubles with the main power plant like that,
upwards of 100,000 miles. So I got a little interested to
find out why this is so. And at least one authority tells
me that this is because they've gotten the man out of the
production process. Those engines are made by automated
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machinery. fThey make them to close tolerance. When they
are through, the machines grade each part for dimensional
tolerances and they just don't stay with the tolerances;
they match each part to each part as best they can, all
done automatically. The end result is the machine is a
remarkalkly consistent beast.

I'd like to see, or would suggest that maybe as a part
of this standardization effort an unexpected and hopefully
useful offshoot will be standara.zation in the manufactur-
ign process that will give us a better and mare uniform
product.

It's just a thought, but I think we need it. Again,
let me reiterate it seems about other year in a program
review somebody stands up and says "Hey, we've got quality
control problems, and this must be costing us money. It
must be costing us time and effort."

DUNLOP: Dunlop, from Comsat.

I don‘t know what yocur age is but what would
haopen if they were to have standardized the engine back
in 19282

511
Bill v

WOODWARD: I don't know, sir. Ilowever, we've been at
the ni-cad business since 1960-something-or-other. And if
you look at the progress that's been made, we've gone from
a life of a few months up to like five years and the wutt
hours per pound have increased.

HENNIGAN: The usable has increased.

WOODWARD: Yes, the depth of discharge has increased
and I think we're getting in the ni-cad business to a
state of maturity that perhaps is analogous to the auto-
mobile engine in the late '40's and early '50's when they
started trying to automate.

DUNLOP: That's probably the area where the question
lies. 1If you standardize the separator, for example,
and it's a bad separator, you still have a bad separator.

WOODWARD: Okay. I don't think we would have made as
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much progress as we have-- Although I keep insisting it is
not fast enough, I don't think we would have made as much
if we didn't have fundamentally a decent battery.

HAAS Haff, Philco~Ford.

Floyd, I've been wondering what degree of cost analy-~
sis has gone into the justification for standardizing
cells and batteries. Are we talking about $20,000 for ten
programs, a few hundred thousand dollars in the next five
years? Or are we talking about $200,000 per program for

ten programs?

HENNIGAN: I've got a slide here I'll show you.

(Slide 13.)

Now these are some battery costs. Now we have to
watch out how we use these numbers because, as was said
before, it is very difficult to get costs on batteries,
on pattery programs.

The people who are familiar with these programs can
correct me if I'm wrong but the Mariner/Mars, that con-
sists of ten batteries.

The Mercury one was three.

OAO was three batteries in two packages.

0S0-I -- Do you remember how many batteries that was?

WEBSTER: You mean actually flown?

HENNIGAN: Assembled and tested for the program.

WEBSTER: Approximately five, I think.

HENNIGAN: Okay.

The Air Force project was 17 batteries.

Project B was 27.
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IMP~ll, that's the cost of one battery.
And RAE, that's the cost of one battery.

And those last two are to launch. Some of the other
ones I don't know if they include the integration costs on
some of these things.

But I did look at the cost of man-hours to make a
design, do the drawings, assemble the battery, vibrate it,
thermalvac it for a couple of wecks, and do some other
electrical testing. I can't remember the numbers but if
you have all that stuff available, the drawings and the der-
sign, you don't t. rmalvac it and you don't vibrate it ana
you do minor electrical test after vou build the battery,
it was a cost reduction of about 45 percent, and I think
that was the biggest area of cost reduction.

I know an awful lot of electrical tests, vibration
and so forth, are done on batteries, but it seems if you
use the same design over and over again you have some con-
fidence in it. For instance, on the IMP sgpace batteries,
we've macde those so much, we put them together and capa-
city ciacck them and that's it.

WEBSTER: Tom, was that the extent of the cost analy-
sis?

HENNIGAN: Yes.
WEBSTER: Okay. Thank you.

HOWARD: Let me ask you from your experience, what's
the most costly element of the battery as far as your
experience, if you have to single out one area?

WEBSTER: The most cost of the cost of the item is the
testing, the testing of the cells, the testing of the
battery, and the tabulation and the gathering of the data,
the log books the vendor =-- the manufacturer's testing
and software involved in the program.

FORD: Would anyone else like to comment on that gues-
tion?
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LACKNER: rphere is one comment I would like to make.

It seems that the manufacturers have said that making
batteries for satellites is small volume, low cost to them
in their total production line, and it is a bit of a
nuisance.

Now can we guarantee that we will be buying the num-
ber of batteries to maintain a production team year-round
so they do qualify people to make it, that the quality
control will be consistent by saying "Okay, we have ten
people in the plant who will work on nothing but aero-
space batteries and they'll have their heart and soul in
it," instead of working on it for a set program and then
another group will work on it two years la-er.

There is where your inconsistency in quality control
will come out.

FORD: That's like asking me if I can guarantee the
space program is going to continue for ten years.

No, I don't think-- I want to make a point to your
question. It is simply that we will not have any change
from the status quo as far as those battery teams at the
various -- or the production teams at the various sources
that make these cells today.

LACKNER: But if they have to pay these people and
they are not working on a set program, they are liable to
let them go over and put them on something else.

FORD: But now does this standardization change the
present status quo? That's what I fail to see.

LACKNER: You're standardizing on components anda you
are either saying that we've got the process under such
control that any human operator can work on it, which is
what I believe the prior comment was.

We do know that quality control does make a difference.
If you can get the same team working on it all the time they

will be looking at matters that may not be documented just
by experience.
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WEBSTER: I would like to comment on why the cost of
the IMP battery is so low, 14 K. Not only do we just
capacity check it but we do put it through a subsystem
thermal vacuum and magnetic acceptability test and we've
used the standard document for this for about six years
now,and that's, I believe, one of the big cost savings.

We spent approximately a week going through magnetic
measurements, thermal vac and vibration at the subsystem
level, but the cost of that is only $2,000 because there
is no documentation required. It exists. And this is the
principal cost, I think, of standardization.

Every time you talk about overseeing by the govern-
ment, re-writing by industry, we're generating new speci-
fications and new documents for every single battery. And
I really feel that an immediate cost savings would be in
that area, and we've demonstrated it in-house.

KRAUSE: Krause, from Hughes.

Floyd, I don't know if this is the right place to ask
the question but some of the industry people are good-sized
users of hoosters which are supplied by NASA and I was
wondering how much pressure or filtering down of this
drive for standardization of some of the components might
NASA exert on the users of the boosters to try to get
them to optimize their savings, make them simpler, or in
some way provide a better use of the boosters.

FORD: I'm not aware that there will be any pressure
exerted by NASA from the Low Cost Systems Office on people
that use-- You're talking about people who use the
Delta , this type vehicle, to put up commercial satellites?

KRAUSE: Yes, or Centaur or any others.

FORD: I'm not aware where there will be any impact
at all on the commercial aspect or the non-NASA users of
the launch vehicles.

MICKELSON: Mickelson, of Convair.
.«en you selected your various battery sizes for your
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standard program, did you consider the reliability of the
various sizes? In other words, is one size more reliable
than the other, or what have you?

FORD: No. Those size selections were based predomi-
nantly on projections of spacecraft power system require-
ments and the ampere hour capacity or the watt hour capa-
city required to fulfill those requirements.

Speaking for myself, I'm not aware of where we have
data that shows one size cell or one size battery,
restricting that to the prismatic design, is more reliable
than another size. For instance, I don't know that anyone
has shown that a 20 is more reliable than a 12, or vice
versa.

I. M. SCHULMAN: Schulman, TRW.

Floyd, are you going to factor in life requirements
into your studies, the very fact that you have some vehi-
cles that have a requirement of six months and other vehi-
cles five to seven years?

FORD: Only to the extent that the standard battery
design will have specified certain guideline parameters for
its use., For instance, if you have a 20, you have a six-
months mission which-- 1Incidentally, they are few and far
between these days, but using that for an example, if you
have a six-month mission versus a two-year mission, then
the user obviously would be able to take more advantage of
that size and the usable capacity. He could get six months
versus two years.

So the answer to your question is no in one respect,
yes in theother. But bear in mind this end product is
still to be used by the various people in the aerospace
industry.

I will mention again and encourage you to contact the
members on the ad hoc battery team for any and all inputs
in this area of standardization.

BARNETT: Barnett, Rockwell.
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I'm not encouraging it but has NASA given any consid-
eration to GF -ing cells?

FORD: Yes, and the answer is no, we will not. That's
the purpose of the SCD,

WOODWARD: Can I ask another question maybe of the in-

dustry people, and I think the NASA people will si:udder,
but let me ask it.

You raised a point that our production requirements
are s0 low it is not worth the time, trouble, and effort
on the part of industry. Fine, if that's so. Okay, can
we use your standard equipment you're producing for ground
use? Why can't we use it? Is it not of good enough gunali-

ty now to meet our needs? If so, what can we do about
improving it?

Surely it would help you in your ena of the business
in selling things on the ground.

This is an area that we've been wondering about for
quite a while. Why can't we make better use of the avail-
able -~ let's call them civilian ground cell technologies.

FORD: Any questions or comments?

CORBETT: Corbett, Lockheed.

I was going to comment originally when Joe Lackner
made the comment about battery standardization. I think
the point he had in mind was when you go to a cell vendor
and ask him to build a battery, the first time around
they'll say "We don't like that because it is not a high-

volume item for us. We don t have the specialists in-
house."

My comment to Joe was going to be if it's a pain
for the three or four ni-cad manufacturers who are
arodnd, it is even more so for the 15 or sc contractors
who make batteries. It may be a once-a-year thing.

I think it would be valuable if we could get a couple
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of the battery vendors fully into the standardization
program, not only for cells but for hatterv assemblies

because I think there is a volume there.

We have been producing at Lockheed silver-zinc
battery cells for boosters and limited-life spacecraft,and
Marty Gandel probably has the figures on the top of his
head, but there have been hundreds, probably thousands of
batteries produced and at this point it is probably as
standard a battery as you're going to get in the space
business. It is so standard the battery people doa't get
involved with procurement o- the tests. In many cases,
the thing may go right down to the base for integration
and in fact., as recently as I guess the late '60's, we
were even doing this with the ni-cad cells and batteries.

But I think what is a real question to ask here if
one is a customer, are you going to allow these things to
be done?

We already have a military customer who does allow
it to be done. He says "Okay, if that's what it takes to
make a low-cost battery, then I'm willing to say that I
don't want to look at the battery data or I'm not going to
put my consultants on your deal."

I don't think NASA is anxious to put out that kind of
a policy which would enable the industry to respond to it
with a low~-cost battery.

FORD: A good point.
Any other questions or comments?
MICKELSON: Mickelson, Convair.

In your committee how closely are you working with
people who generate environmental requirements, for example,
vibration requirements, because so often they come along
with a design requirement and you pick out this part and
you test it and it's all qualified. Then you look at the
vibration requirement and it is under tie scope of the
new vibration requirements.

How closely are you going to attack that? That means
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you are going to have to turn around and test that.

FORD: We have mechanical people as well as people
from T&E, the Test and Engineering group here at Goddarad
that look at that.

It is interesting to note that to contrast the dif-
ference from the military requirement -- and correct me,
John, if I'm wrong here -- and the Air Force requirement --
military versus NASA, NASA requires usually a random and
sinusoidal vibration test on practically every subcompo-
nent and I believe currently you only recuire --

STRATON: We require both.
FORD: Okay. I thought you only required random.

STRATON: We require both random and sinusoidal. It
depends upon the program in some cases.

FORD: The area we will be scrutinizing the hardest
will be the testing. After a'l, if we have made any
progress, and I believe that we have in the last five
years or the last ten years in the quality of the cell,
then once you have sealed that cell you either have a ce’l
or you don't. And without the benefit of a vaiia
accelerated test technique at this point, the additional
testing you can do on the battery, from my viewpoint, is
strictly a workmanship testing, not just the ceils but a
workmanship test primarily of the battery fabrication.

I think from that viewpoint with the good high confi-
dence level in the discrete cells that you procure, I
think you can seriously consider reducing the amount of
testing at the battery level and simply make it a work-
manship test environment.

HENDEE: We're talking about lowering the cost of
cells as far as commercial satellites go. Probably my
break-even point would be for every additional year of
life I can get out of the battery I can spend a millior
dollars for that battery.

You figure out the vehicle, the lauch vehicle, the
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satellite cost and, say, project it on a seven-year life-
time. It doesn't take too much to figure out-- 1It's
better than a million dollars a year for better battery
tests. I think it is probably the limiting life at the
moment of the commercial spacecraft.

FORD: I commented in a meeting we had yesterday, an
internal meeting, that typically our experience is with
the scientific theory satellites where they are experi-
mental in nature that the batteries usually are a very
minor problem during the life of those scientific satel-
lites, simply because the experiment usually is of an
experimental nature.

However, we are also dealing now in quite a volume of
operational satellites, namely, the weather satellites,
so life is becoming more and more important. and the ex-
periment or the 1levice being flown is still called an ex-
periment but it is no longer an experiment; it's a proven
device. It has been flown on one of the early Nimbus or on
one of the other experimental spacecraft and they know it
will operate for a long time.

Now in those programs we 2re beginning to see that the
batteries are showing significant deterioration. I'm
talking about three-, four-, five-year satellites, not two-
year sa*ellites. But the patteries are showing as a weak
element in the system simply k.cause, unlike the experi-
mental series, the operational satellites are designed to
operate for several years.

I can honestly say that I am not aware of any failure
+hat we've had of an operational satellite because of the
batteries. We've had some deterioration, very okvious
deterioration because of battery performance after about
four years.
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Iv TEST AND FLIGHT EXPERIENCE: W, WEBSTER/GSFC

For our next session on Test and Flight Experience
Bill Webster of our Electrochemical Section will be the
chairman. I introduce you to Bill Webster.

WEBSTER: Good morning. Thank you, Gerry.

Now we move from the future and philosophy into the
present and facts.

This section will be on tests, their results, raw
tests, and some fliqght experiences. It will go on after
lunch, We've had some additional speakers. We will have
a total of eight speakers. The topics to be covered I
will enumerate and they will be in the following order:

State of charge by phase-measuring techniques, by
E¢ Dowgiallo from Fort Belvoir;

A short test by Sam Bogner;

Improvements in short testing by Dr. Scott of TRW;

Accelerated test program currently underway at Crane
will be presented by Don Mains of the U. S. Navy Ammuni-
tions Depot at Crane.

I wil. present some 1n-house characterization of the
0S0O flight cells.

Then we will have the effects of reconditioning
presented by Irv Shulman of TRW.

Floyd Fo-d of Goddard will be presenting a paper
titled "Power Module Development Using Third Electrode
Control.”

So without further ado I would like to introduce our

first s—eaker, Ed Dowgiallo of Fort Belvoir on phase
measurements and state of charge.
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-IV.1 PHASE MEASUREMENTS AND STATE OF CHARGE:

E. DOWGIALLO/F. BELVOIR

DOWGIALLO: What we have tried to do is to relate some
electrical parameter to state of charge. Since many of the
batteries in the Army ground paravehicle propulsion appli-
cations are found to be sealed and only accessible at the
two terminals, a means of automatic and continuous monitor
of electrical parameter-related state of charge is very
desirable.

An analog signal proportional to this parameter would
be useful and a field gauge as a means of ending charges
as an early diagnostic for possible detrimental changes
and for various control schemes.

Previously, to measure battery complex impedences,
a bridge circuit was nulled to various AC frequencies
during DT discharges typical for an application. Para-
meter failures were calculated for an assumed equivalent
circuit based on the bridge setting.

Measurements were time-consuming and difficult to
automate.

A new unit that measures gain and phase was selected
to overcome this. The unit is a Hewitt~Packard gain phase
meter model 3575-A. It does not require frequency tuning
or amplitude setting. Display resolution is .1l of a
degree. The first slide, please.

(Slide 14.)

This is a block diagram of the circuit we used. What
we have here is a charge loop and a discharge loonp, and
we're programming a .5 amp RMS current from the battery
which is to say to and from the battery at all times.
That's generated by programming this programmable load
bank with a sine wave.

The charge supply charges the system at a current
level determined by this programmable load bank which
operates at a constant current and load.

In discharge this programmable load bank is in
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operation, programmed by a discharge current level which
is added to the sine wave.

We have passively coupled amplifiers here, one on the
shunt monitoring current, the other monitoring HC voltage
across the battery, and these are fed into two inputs,

A and B, and then they are converted to phase and analog
signal proportionate to the phaie angle so that we could
record continuously the phase angle change. And also we
can record even the amplitude of A or B on the data ac-
quisition system.

The phase lock generator was used because the princi-
ple of operation of this particular gain phase meter, it
takes its readings about zero crossing point, so most
noise seems to be in that region and it seems to generally
sink with the line.

So what we did was use the phase lock generator such
that our readings were not taken where the noise was. We
can shift it relative to the line.

The batteries that we used in this were what 1 guess
are non-standard 15 ampere ni-cads, high rate types.

Our purpose here was not so much to find out if this
would work with ni-cads. I just used the ni-cad batteries
because they were convenient and relatively inexpensive
and they could sit around the lab for a while in 1lulls,
becausz this was the Director's in-house project,and would
not be harmed.

Our purpose here was to see if this would work with
lead-acid cells after we worked out the technique with the
ni-cads, and then to go to some molten salt cells. We just
briefly touched that as a matter of interest to this group,
I gquess.

So what we actually did then was do measurements on
three systems, the ni-cads, the lead-acid, both the S1lI
starting 1light ignition automotive type and the fork
lift type, the fork 1ift battery typs, and molten salt
cells that we have a contract with the Sohio Company to
produce. These are a lithium-tellurium-tetrachloride
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system.
Slide two, please.
(Slide i5.)

This shows the phase angle change during charge ver-
sus the amp hours at 12, 60, and 400 hertz for four ni-cad
cells in series at 1.5 amps for 13 hours. At 60 hertz the
change can be seen to be fairly linear in the region after
about three amp hours.

Slide three shows the discharge.
(slide 16.)

This is the phase angle change versus discharge amp
hours at three frequencies for four ni-cad cells in
series at 7.3 amps to one volt per cell. We went to one
volt per cell to see what happened when we went beyond 1l.l.

And vou can see at about 15 am» hours what hapnens
when you anproach or go throuch the knee.

It is interesting here I guess to note the 60 and 400
hartz alrost have a straight-line relationship.

Slide four, please.

(Slide 17.)

This shows the phase angle versus amp hours discharged
at A0 hertz for four ni-cad cells at three currents. That
is 4.4 amps.

Note the knee at 14 amp hours again. It slopes very
slightly with the discharge rate. lowever, the phase
change per current level is approximately linear at .25

degrees for 5 anps.

These effects could be compensated for in a fuel
dauge ovver a wide range of dischargce currents.

Slide five.
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(Slide 18.)

This shows the overlap of charge and discharge as well
as the linearity for two ni-cad cells in series at 1.5
amps. And you can see on charge we qo up this line here
and on discharge we start up here because of the ineffi-
ciency of the cell, and we come back down here, so they
overlap fairly well.

This is amp-hours in, and coming right back aown, amp-
hours out.

Next slide, please.
(Slide 19.)

One comment, too. I guess we were wondering about
what would happen on open circuit stand times for this
type of measurements and we let it stand a. zero, three,
and 20 hours, and we noticed that generally there might be
about a .2 of a degree shift in the beginning of charge.

And we did not test it extensively but it seems that
L2 current level as an effect on tluis.

Phase angle change versus discharge amp-hours out per
cycle for two ni-cads at 1.5 amps at charge and discharge.
We charge at 1.5 and discharge at 1.5. This is the lowest
rate recommended by the manufacturer. These were done at
40 degrees Centigrade to 1.1 volts per cell.

The purpose here was to determine if ohase change
varied with capacity decrease. By operating at below
current, 1.5 amps, and high temperature, a coarse deposit
of large crystals are formed on the cadmium plate accord-
ing to the literature. This causes a reversable battery
capacity degredation called memory effect.

Phase range and total capacity followed each other
as the cells degraded for at least 22 cycles that we ran.
This correspondence would be important for a fuel qauge ap-

plication. If this held for actual load profiles a aauae
would actually get true readings of remaining capacity.
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Next slide,
(slide 20.)

A simple electrical circuit for the cell would consist
of a resistance, R, and a small series inductance cells,
typically 10-6 henrys or connectors, . internal leads,
and electrolyte resistance in series with the parallel
combination of a large capacitor, C, which typically is
several farads, and a small resistance, Ry.

The capacitor is a lump representation of that portion
of the double layer between the electrodes and the electro-
lytes which is, to some extent, affected by ionic absorp-
tion and reaction kinetics.

The small resistance represents the effects of acti-
vation and concentration polarization. The results here
are purely empirical.

The double layer is thought to be the main component
varving Wwith state of charge. At frequencies above 12
hertz the combined effert of double air and sound in-
ductance produces a positive inducted phase angle, so at
most of the frequencies wWwe were operating we had an in-
ductor.

It is interesting to note that when series ni-cad
cells were removed, the phase angle became less positive,
which would be logical.

Next we'll take a brief look at the lead-acid system.

Next slide, please.

(Slide 21.)

Here we find the phase angle versus amp-hours out of
a six~volt, 67-amp-hour SLI battery at 17 amps. This is
a four-hour rate and 3.5 amps there at the tail end, the
20~hour rate. And so we went to one volt per cell in each
case, at each rate.

I think it is interesting to see that the 400 hertz,
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while it is not a straight-line velationship, at least it
does seem to follow some reasonable relationship.

Also, we broke this down, the 400 hertz, just to see
what was happening, into the reactive and resistive compo-
nents. And the reactive component, while it is fairly
flat until you get out to where that knee begins to occur
in the amp-hours there, the resistive component followed
conductivity.

Next slide.
(Slide 22.;

Here we have phase angle versus amp-hours on a 150
amp-hour forklift truck battery at the six hour-- 1It's
150 amp-hours at the six hour rate; that's how they rate
it. 1It's a forklife truck battery.

We charged it at eight amps to five volts; it's 2.5
volts per cell, and discharged it at 25 amps to 3.5 volts.

I think it is interesting nere to note the linecerity
of the charse curve t» the onssi of gnrssing., liow
geaerally it is khouant that gassing starts at about 2.7
volts so you can't usually observe it until a little af:er
that, and somewhere between 2.2 and 2.3 you are definitely
in gassing. And I think you can see the effect that has
on the curve.

You can see that the discharge is similar; at least
you might say it's a similar direction, but the charge is
actually in the opposite direction with a ni-cad, which is
interesting.

Also, phase measurements seem to give some more mean-
ingful correlations than just simple amplitude measures
across the battery with lead-acids which didn't seem to
change very much.

Next slide.

(Slide 23.)
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This is a-- Just take a brief look. We had a molten
salt cell being tested to near the end of its cycle life,
and so we hooked up our test equipment to it to see what
would happen.

Here we charged it at five amps to 3.25 volts and
discharged it to two volts, and this is the discharge re-
sults. Normally the caell does not discharge below 2.4
volts, so you can see that after 2.4, we have a notice-
able change. Apparently there we're going through a win-
dow in which some constituents are tied up.

We tried normaliy not to go through that but I wanted
to see what would happen here if we did.

In conclusion, the ni-cad system demonstrated that
phase change does relate to the capacity availab.e even
under conditions where cycle deqradation is significant.

Use of phase measurements for state of charge and end
of charge control appears possible. The SLI lead-acid
hatterv, 400 hertz, decreased continuously with ampere-
hours out while the forklift pattery had a fairly linear
relaticensi*ip on charge,

The nolten salt system's phase angle batteries de-
creased and reaction changes can be detected. Phase
measurements may be useful as a diagnostic tool for state-
of-charge control schemes, ending charges or discharges
for various studies in the molten salt and lead-acid
systems.

That's it.

WEBSTER: Thank you, Ed.

Are there any questions?

GASTON: Gaston, Grumman.

The nickel-cadmium cells you used fnr testing, were
these the open type or were they the sealed tvre?

DOWGIALLO: They were the vented sealed type.
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GASTON: Would you expect a similar phase-change
correlation in sealed cclls?

DOWGIALLO: There is reason to believe there would
be.

WEBSTER: How do you think the effect of oxygen pres-
sure as you saw in the lead-acid, your gassing taking
place-- Do you think rou would pick this up?

DOWGIALLO: There is reason to believe you would pick
that up, yes. There has other work been done in other
areas that would make you think that that's true.

CORBETT: At the frequency that you're working at,
when you see a change in phase angle, isn't that really --
or let's say doesn't that really reflect the change in cell
resistance balanced against the relatively constant serics
inductance that you have in the cell?

In other words, doesn't it-- It is amplification of
the resistance factor nostly, isn't it?

LOUGTALIO:  Thev arc hoth in there. If you sit down
ani work it out you end up being-- My phase readings were
inducted above 12 c¢rtz so it is not so much resistance,

I would think, as the inductance effect combined with the
capacities at that frequency.

CORBETT: What I meant was it is my experience that the
inductance, regardless of the state of charge, if you just
look at--

DOWGIALLO: It is fixed.

CORBETT: And you still have the 20 db line; okay.

And so what is really controlling the phase is what is the
resistance more than anything. It is even less than the
capacitance.

What I'm trying to say is the capacitance is insigni-
ficant.

DOWGIALLO: I thought it was the capacitance, mysel€f.
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In fact, in the lead-acid system we did break it down into
its components and we found that the resistive component
followed the conductivity exactly; at lezst what I would
think from looking at some of the references on that, it
seemed to follow those curves while the reactive component,
at least at 400 hertz, it seemed to vary somewhat.

It's fairly flat. It comes down like thir and it's
fairly flat, and then it begins to go down like that.
(Demonstrating.) You can probably work out some kind of
a system if you had some circuit that would take those two
things and know where you are at any point and give you a
readout.

CORBETT: I think if you did some analyses that
assumed that you had a freguency-dependent resistor, you
know, kind of like a third-order tera, it w-.uld make a lot
more sense. I think the literature has reported that
there is that kind of an effect. It is not an RCL sort of
thing.

ROGERS: Rogers, Hughes Aircraft.

I noticed in the original circuit I believe you used
two amplifiers with five microfsrad and 15,000 ohm resis-
tors where you get phase shift at about 60 hertz. 1Is that
intentional?

DOWGIALLO: No, that's not intentional. The real pur-
pose there was just simply to decouple the DC compoi.nt.

ROGERS: 1In that event, if your capacitsr is a typi-
cal capacitor of that size, it's not going tov be terribly
stable and you're going to get some phasec shift just from
room temperature drifting.

DOWGIALLO: We put this into the oven, the particular
capacitors that we used. I forget what they were but we
did try several capacitors and we had this in an oven and
checked, and it did not have a significant effect.

STOPEL: Stofel, Hughes Aircraft.

We hava had some experience at Hughes similar to this.
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Algso, I had some at Aerospace before going to Hughes. And
in both cases we gsaw a fairly large difference between the

gell, depending upon what its previous nickel history has
een,

That one Vugraph you had there--

DOWGIALLO: I went to an extreme on the one there,
low current, very low current, high temperature.

STOFEL: I guess my question is have you tried vary-
ing other things with ni-cads? Do you have a bigger ex-
perience on different types of cycles?

DOWGIALLO: No. This was a rather limited time-type
thing. We did not go into it-- I hoped somebody would go
on with it,

STOFEL: One comment or question that was raised--
The experiences I've had happened to be in the 50 amp-hour,
45 amp-hour type cells, and they were sealed, flight-type
ni-cads, and indeed there's a phase shift and an amplitude
shift.

There is some question whether it is usable as a ful
gauge, as you call it, because of the dependency upon
past history. It may, however, be a good diagnostic --
p-orhaps a bit expensive but a good diagnostic tool in terms
of knowing something about your battery in addition to the
state of your charge.

., DOWGIALLO: We looked into some relatively inexpen-
sive circuits and there apparently are some-- We did try
one phase detector circuit with two off-amps and you
actually had a window controlled by one, say A, with the
current input which would control the B input to the other
one, turning it on and off, and had an integrator after
that one which would give you voltage proportional to
phase, and it was very inexpensive. And there are a lot of
other ways to do it.

STOFEL: With regard to that, at the Aerospace the
work was such that we talked to a circuit designer and he
happened to have a phase detector he was using for another
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purpose. It was essentially a flight-qualified little
unit. It weighed ounces at most, used low power, and if
the basic electrochemistry was such that you could use it
as a fuel gauge, there would be no difficulty interrogating
the battery during charge or discharge as well as quiescent
periods.

So it's a good approach if the battery will only be-
have reproduceably, and that evidence we didn‘t--

DOWGIALLO: That would require quite a bit of testing
I would feel.

GROSS: Gross, Boeing Company.

This basic approach does have some very interesting
possibilities. It was pursued at Boeing for applica-
tions not with batteries but for the purpose of charac-
terizing surfaces of aluminum, and it has been reported in
the literature.

It was carried out in extremely great detail to a
verv conplete state I thought. Some of the things that
wera Jone were to use an cxtremely wide range of fre-
guencies and to break out the resistive and capacitive
inducted elements.

And as Bob Corbett pointed out, resistance is
frequency-dependent and this must be accounted for.

For those whc nmight be interested in pursuing this
further I'd be glad to find the reference for them.

WEBSTER: Any further questions?
Ed, thank you very much.
Our next speaker will be Sam Bogner of JPL, and he'll

be talking cbout our short test, charge retention test ,
authored by Bogner and Uchiyama.
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Iv.2 INTERNAL SHORT. TESTING OF LI~CD CTLLS: 8. BOGNIR/JPI
(Slide 24.)

My discussion this morning is on the internal short
testing of nickel-cadmium cells. A large portion of this
work was to support the Viking project. Jet Propulsion
Laboratory is responsible for the Viking orbiter system
which is part of the over=-all Viking project managed
for NASA by the Viking project office at the Langley
Research Center.

This particular discussion was presented earlier this
year at the IECEC but it was suggested, since there were
not too many battery personnel at that meeting, that it be
presented again. Also, it missed the publication of that
meeting, so I do have some papers with more data than I
will present here up on the front table if anybody wants
to pick one up.

Next slide, please.
(Slive 25.)

This orning we will have a brief introduction, sone
of the problenm investigation, the background, a summary
of some of the cell autopsies that we went through, a
summary of the test program and results, and conclusions
from the program.

Okay, next slide.
(Slide 2¢.)

An internal short test, I think as most of you know,
has bheen used by most users of ni-cad cells, and the sub-
ject has been discussed at many of the Goddard Space
Flight battery workshop meetings. But really, there has
not been much data published and put in the literature on
some of the results of the tests.

I couldn't find, actually, the origin of the tests.
Perhaps somebody in this rocm knows how it originated.
On past programs we had about a one to two percent failure
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rate on cells passing the short test, and the cause of the
failures were not always determined.

On the Viking orbiter '75 program we ran into about
a six percent failure rate on the first lot of 100 cells,
but that wasn't so bad. The prcblem was that they were
failing after they were built into batteries, and the con-
struction of this battery is pretty difficult to remove
cells from, so the project management became quite con-
cerned.

We are also dealing with a new cell size which is
rated at 30 ampere-hours and actually delivers approxi-
mately 36 ampere-hours. Initially there were 100 cells
built for development cells, and the flight program in-
volved approximately 350 cells.

The battery was assembled and tested and the cells
were purchased by TRW as the subcontractor to Electro-
optics Systems who was the power subsystems contractor.

Next slide, nleasec.
(s1ile 27.)

Okay. As we stated hefore, we had about sixzx failures
out of the first 100 flight cells that we received and
four of these failures occurred after the batteries werec
assembled.

We removed some of these cells from the batteries and
also some of the failed cells that we found in the screen-
ing test for autopsy, and we'll show a few pictures of the
cell autopsies a little later.

We contacted several other users around the country
to see if they were having similar problems. We held a
technical review at the manufacturcr, and out of those dis-
cussions and meetings we iplemented a quick test program,

Okay, the next slide, please.

(Slide 23.)
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This is a quick summary of the results of the cell
autopsy. It was thought that possibly they might have
high nitrate content which would have some effect on the
charge retention or the short test, but they now showed
that the nitrate content was very low; the carbonate con-
tent was relatively low.

We did find that all plate thicknesses were at the
top side of the limits for cell assembly. The negative
plate loading in some cell lots was slightly over sweci-
fication. Generally, cell construction and the workman-
ship was good.

One thing we found was cadmium deposits as stripes,
and we have a picture of that, in the separators, and
these were new cells and normally you don't see cadmiun
in the separator on new cells that have had approximately
only 30 cycles.

In the area of these cadmium deposits on the separa-
tor opposite on the negative plate we found discolored
surface hydrates and we also found interstitial material
in the sci.arator which was a cadmiua compound.

I oae ¢2ll we Zound 3 littie cear in the separator,
anG in one of the dJdevelcopmental cells we found a plate-
to-plate short.

Next slide, please.

(Slide 29.)

This is the cadium deposit that we saw in some of the
cells that failed the short test. We also saw similar
deposits in cells that passed the test but they weren't
quite as heavy as this one.

You're looking at the bottom right here.

We also saw some stripes~-- I don't have a picture of
it -- near the top.

Next slide, please.
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(slide 30.)

This is an SEM photo of the material in the separator.
We didn't analyze exactly what the material is but we do
know it is a cadmium compound, probably cadmium hydro-
xide. If it had been cadmium when we opened the cell it
was done in the atmosphere so it would have oxidized
right away.

The next slide --
(Slide 31.)

-- shows a photograph of the plate-to-plate shorts. There
you can see a positive plate sticking up out of the separa-
tor bag and touching the negative terminal coming up, and
there is also one here, and possibly one over here.

Now that particular cell passed the internal short
test and it was discovered about six months later.

Next slide, please.
(Slice 32.)

The test methods that we used on this program were
basically those that TRW had used and also JPL had used
on a previous Mariner-Mars '71 program.

Basically the cell is discharged at the C/2 rate to
approximately one volt, and then it is shorted with a half
ohm resistor for 16 hours, or to a .2 volts and then it is
dead shorted for 16 hours. Then it is given a charge at
15 amps for 60 seconds and it's placed on an open circuit
stand and the voltaye at the end of the 24-hour stand
period is supposed to be about 1.19 volts.

This particular test is performed after 31 cycles at
15 percent delta discharge, four cycles a day.

The other primary test which is being used in the

industry I guess 1s the Goddard space Flight Center test
and the one used at NAD Crane on all their testing where

the cell is discharged and is shorted with one ohm for 16
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hours and then placed on an open circuit stand, and then
the voltage at the end of 24 hours must be above 1.15
volts.

Then we started doing a new test, a charge retention
test. In the past a lot of people have referred to the
short test as the charge retention test, and I would like
to make sure we distinguish between the two because the
short test 1 don't believe has much relationship to the
actual charge retention of the cell.

So in the charge retention test we charge the cell up
completely from zero to ten range at 20 hours, and stand
open circuit for seven days, and this was usually at room
temperature, and then we record the open circuit voltage
at 12-hour intervals during the seven-day stand, and then
the cell is discharged at the Cc/2 rate, and that capacity
cycle is then compared to a previous capacity cycle done
on the cell. And if you want to make a donble-check you
can also run a second capacity cycle after you do the
charge stand period.

ievt slide.
{Z1liie 33.)

This is the outline of the test program that we went
through. We had 48 cells ready to go in the batteries
when we started running into our problems so we performed
the short tests on those again, and a seven-day charge
retention test.

We had two batteries assembled. We performed the
short test and also the seven-day charge retention test on
those. Then we had seven cells that we did more extensive
testing on. We tried both the VO-75 chort test, the
Goddard short test, the charge-accept ince seven-day stand,
and an additional 31 cycles, and then we repeated those
tests again after going through an additinnal 31l-cycle
period.

We had 14 cells at JPL that we ran similar tests on.
At least seven of those cells were of the flight variety
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and the other cells were part of the 100 develupmental
cells that had been built a year prior to the flight cells.

We also had two '71 batteries that had been on test
for about four years and these were still on a trickle
charge, and we decided to see how they would perform on
these tests.

And then Crane had two cells, and Dr. Floyd Ford,
and these cells were designated out of a pack, 50-B, at
Crane, and the test data on these cells is in one of their
reports.

These two cells had exceeded 29,000 cycles at 25 per-
cent depth of discharge. They were six ampere~hour cells
and they had been on a 90-minute cycle. So you can see
the tests that were performed on those cells at Crane.

Okay, some of the test results then. Next slide,
rlease. .

(Slide 34.)

This surmmarizes the seven-day charge retention tests
that were run.

On the 48 cells, all of those were between 33 and 86
percent charge retention. The two batteries of course was
based on the first cells to go to one volt, and they were
85 and 87 percent.

The seven cells, after an additional 31 cycles,
ranged from 68 to 83 percent, and two cells out of that
group of seven failed the short test.

The 14 cells that we tested at JPL-- We were trying
to determine a method possibly to accelerate the shorting
or the problem that was causing the apparent shorts, so
they were put on an accelerated charge. They were charged
at three amps at 120 degrees for 28 days, and then they
performed a short test and charge retention test.

They show a high charge retention result but that was
because they actually gained in capacity during the 28-day
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charge.

And then the two cells at Crane that had gone through
29,000 cycles only had 55 percent charge retention in the
seven-day stand, but both of those cells passed the short
test,

We performed both types of short tests, the Goddard
method and the TRW method, on a lot of these tests and in
all cases when a cell failed one test it failed the
other. 1If they passed, they passed both tests.

Next slide, please.
(Slide 35.)

This just shows a typical plot of the open circuit
voltage during the seven-day stand test. Some people have
also suggested that you can use -- and I guess that's in
the most recent Goddard spec now, that the cells out of a
given test group should be plus or minus five millivolts
of the averaqge.

~enerallv vou'll see slichtlv less than a ten milli-
volt spread out of a large aroup of cells on the seven-
Jday stand test. Actually, the temperature I think plays
an important part, so although this test temperature was
over a three degrees C. range, I think you should attempt--
If you're really going to spec them you should hold that
temperature to plus or minus one degree.

Next slide, please.
(Slide 36.)

This is a plot of the cell potential at the end of
the seven-day stand test versus the capacity retention.
These two cells were the ones that failed the short test.
All the other cells passed that test.

It looks like we've got a real good correlation here.
However, this test was repeated. Another 31 cycles was
put on it, except one cell was removed for autopsy, and
we didn't get any correlation on the next test.
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At the cell autopsy it was difficult to look in and
say "There's the short."

Next slide, please.
(Slide 37.)

Now we thought that we were cetting identical cells
on the flight build as the developmental cells, and this
is a plot of the discharge of some of the typical cells
after the 28-day three-amps charge at 120 degrees.

You can see on the developmental cells you've got a
typical discharge but on the flight cells we've got a dip
out here at about the last 25 percent on the discharge
curve, so the cells weren't identical and I don't know the
specific reason for that. People have made suggestions.

Next slide, please.
(Slide 38.)

This is just a tvpical plot of two of the cells that
failed the chargc retention or the short test. One of
them shows a plot of the Goddard short test and the other
is a TRW short test where a little bit of charge is put
back in.

The interesting thing about this is on the Goddard
test, the cell voltage actually recovered and then dropped
back down, so if it had a short in it makes you wonder why
it would recover from a short down with the resistor.

Next slide, please.
(Slide 39.)

This slide summarizes the charge efficiency test.
Some people had suggested that at the low end or zero
state of charge, the charge efficiency was a possible
reason for the cell not passing the short test, and they
also indicated tlhiat the charge efficiency was probably
low.,
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So the tests that we ran were a C/2 for one and two
minutes, and a C/10 for six and 12 minutes.

Now in the past programs the C/10 rate for six min-
utes had been used, and on the Vikirg program it was
changed to C/2 for one minute. The reason for that was
stated that the charge efficienzy would be better at a
higher rate.

Well, the results varied from 15 to 42 percent. The
rate didn't seem to make much difference and whether you
went one minute, two minutes, six minutes, or 12 minutes
didn't seem to make much difference. So the charge time
had no effect.

Actually there was no correlation between the charge
acceptance and the failed cells.

Actually the two cells that had been on the 29,000
cycle test at Crane gave about ten percent charge effi-
ciency and they passed the test.

Next slide, please.
(Slide 40.)

We decided to take a look at what size short are we
really detecting on these tests, so on the seven-day
charge stand test or the charge retention test, how
sensitive is this test?

Well, if we assume in our past testing that the low-
est cell lost 12 percent beyond the normal loss of, say,
80 percent, you can calculate that this comes out to about
50 ohms short.

On the short test, if we assume that 30 percent of
our charge is going into charging the electrode and
assume that the cell voltage during the 24-hour stand is
at least one volt, and assume that there is no self-
discharge, the resul% is approximately a 300-ohm short.
So this gives you some idea of the magnitude of the short
detectible by the two different tests.
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I don't know how you would really calculate the size
of the short that you would get with the Goddard test
since they put no charge back into the cell.

Okay, next slide.
(Slide 41.)

I have mixed emotions over the short test and I don't
think that the testing we did here really came up with any
solid conclusions although we found some interesting data.

Anyhow, the short test I do not feel is absolute but
it is still one way of doing a screening test.

The charge retention test, the resolution is not as
great as on the short test. It requires more time, but
it is a good backup test to give you some indication may-
be of the size of the short if you fail the short test.

I think we need more test data, particularly on failed
cells. Usually the problem in the vast has been that when
vou get a failed cell, the project office wants to know,
vou know, what's wrong with it. “Thy did it fail? And you
tear them apart and you lose the cell.

So we've tried to save some of the cells that have
failed on this test for additional testing.

And then, you know, what size short is really de-
tectible? What does a 300-ohm short look like when you
open up a cell? Does the size of the short change with
life? If we could guarantee that the size of the short
wouldn't change with life, I'm sure on many of the prog-
rams that you could fly cells with .1 ohm resistance.

Thank you.

WEBSTER: Thank you, Sam.

KRAUSE: Krause, Hughes.

Sam, did you find any relationship between eitl.er the
ability to pass the short test or the ability to retain
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SIZE OF SHORT DETECTABLE

7 DAY CHARGED STAND

LOWEST CELL LOST 12% (Ah}

50 OHM SHORT

SHORT TEST
ASSUME: 30% CHARGE EFF
1.0 V AVE OVER 24 h
NO SELF DISCHARGE

RESULT: # 300 OHM SHORT

FIGURE 40

CONCLUSIONS

SHORT TEST
NOT ABSOLUTE
STILL WORTHY OF DOING

CHARGE RETENTION TEST
RESOLUTION NOT AS GREAT AS S.T.
REQUIRES MORE TIME
GOOD BACK UP TEST

NEED MORE TEST DATA PARTICULARLY ON FAILED CELLS
WHAT SIZE SHORT SAFE TO FLY ?
WHAT SIZE SHORT 1S REALLY DETECTABLE ?
WHAT DOES A 300 2 SHORT LOOK LIKE ?
DOES SIZE OF SHORT CHANGE WITH LIFE ?

FIGURE 41
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charge with time to the interelectrode spacing in the packs
and the pack thickness and the swelling of depression?

BOGNER: Yes. In the paper there's a little bit of
data where we compressed the cells and ran the short test
and also ran the short test with the cells free-standing
and there was a difference.

We repeated the test again and that clouded the re-
sults.

DE BAYLO: Paul DeBaylo of Fairchild Industries.

I have two questions. The first question relates to
one of your early slides with the shorted plates on which
you made a comment that about six months prior to de-
tection of the short you had run an internal short test.
I'm assuming you did not go through any shake, rattle,
roll of the cell or any real usage between the times you
ran the internal short test and the time that it was de-
tected.

I was interested in whether you ran any kind of pcak
load test like a 3-C discharge at the time you ran the
internal short test to try to pick up some defect like
that.

BOGNER: No, we didn't run a high rate discharge. The
cells went through a 3l-cycle approximately 75 “cent
depth of discharge before we ran the test.

They did not go through a shake, rattle and roll test
other than the fact that they were transported from TRW to
JPL, and 1 suppose they go* scme vibration there. And
they were stored at JPL in a shorted condition, so per-
haps during the storage period this plate swelled a little
bit and came in contact.

DE BAYLO: The second question I have, and maybe a
comment relating to some of my experience.

I'm kind of interested in whether you have any basic
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experience for running, say, a Goddard-type internal short
test based on previous cell history, in other words what
the cell has gone through prior to running that test.

The reason I'm making this comment, I notice differ-
ence. in recovery voltage if you run the test after, say,
30 cycle -- 50 percent depth of discharge cycling versus
a virgin cell.

Also, we had performed internal short tests on the
ATS-6 batteries very successfully several times during our
acceptance testing. We had then installed the batteries
on the spacecraft and subjected the spacecraft to space-
craft level vibration.

We decided tc reperform this test.

Basically what we did is the batteries were on the
spacecraft supporting various RFI type tests, discharging
at various rates and so forth, with really no plan of
battery rrofile, if you want to call it that. And we
tried to repeat this internal short test. We discharged--
Rather than a C/2 rate, we discharged like an amp, an amp
and a half, varying rates because we had various loads
or., to an average cell voltage of probably 1.1 volt.

We then applied the one ohm across each cell for 16
hours. We opened the circuit and then we failed miser-
ably this internal short test, and we started scratching
our heads and we said, "Hey, we've got problems."

Yet we had passed the same identical test four or five
times during ¢cceptance testing.

We then ran a modified version of one of your internal
short tests where,after shorting the cells out for at
least an hour, we had placed a charge back into the cell
for about five minutes, and we let it sit open circuit for
24 hours, and then we examined the cell voltages at the
end of that period and they were all above what we con-
sidered an acceptable limit, proving the cells themselves
were not really baa.

I was just kind of curious what your experience along

54

110 i T T



this line has been.

BOGNER: 1It's been similar. It does make some dif-
ference on how the battery in a previous test has -- on
previous cells, but I can't give you explicit numbers.

WEBSTER: There is one comment on the ATS program,
that all the cells failed so immediately we suspected the
test, not the cells. And then we applied what I call --
which I didn't see up there -- the five-minute charge
which is similar to the technique which used --where they
put five minutes of charge on there, and they all passed.

But yours truly had a heart attack because that was
the last test before the spacecraft left for the Cape,
and Von Braun and the Indian Ambassador were having
pheasant under glass, and I knew that all the batteries had
just failed.

FORD: I would like to point out something. I have a
question for you, Sam, but let me make my point first.

In reference to the ATS hattery, I would point out
those cells had fairly low-level precharge and the current
indication from other programs that we've seen is that the
state of charge on that negative electrode certainly is a
factor in the open circuit recovery test.

I think that's what we were seeing as a result of low
precharge on the ATS cells, that in the low-rate discharge
which really depleted the negative as well as the posi-
tive, influenced that open-circuit test.

BOGNER: You must be in bad shape in the precharge.
You don't have that much cadmium in your precharge to
affect the test.

FORD: That's debatable, too.

I would like to ask you a question, though, particu-
larly in line with what you were referring to as your

developmental cells versus your flight. And I think Stan
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alluded to this point but I would like to pursue it a
little more in detail.

Have you done a statistical analysis, a worst-case
analysis of interelectrode spacing taking into considera-
tion positive plate expansion and the dynamic behavior of
the cells? Have you really looked at that on the de-
velopmental cell versus the flight cell and if so, what is
the interelectrode spacing in the worst case?

BOGNER: Five to six mils.
FORD: After you have run tests on the cells?

BOGNER: Yes. Well, the 31 cycles or maybe 60 cycles
on a couple of cells. They were autopsied and the plate
thicknesses were measured. And after the swelling we got
at that time, it was around five to six mils. spacing.

J. H. SCHULMAN: Schulman, PSI.

Have vou looked at the time constant for open circuit
recovery, and would vou care to comment on what tae nech-
arfens wight e that voula affect the time constant for
recovary of the open circuit stand?

BOGNER: Well, one would think that-- We tried a
little bit of that using three plate cells and trying to
get a reference electrode, but I'm not too confident of
the results we got.

We attempted to look at it but we didn't go into it
in enough detail. I kind of thin}' that part ol the prob-
lem may bhe due to the positive electrode and as Floyd
pointed out, if you get problems with precharge in the
cadmium electrode, it could be causing problems.

I don't have an answer.

CORBETT: Sam, I think it is kind of instructive that
in your data you have examples of cells that passed
either test A or test B or both; in other words, you've
got every kind of possibility there. You actually had
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cells that passed the short test and didn't pass the charge
retention or, let's say, didn't give a good charge reten-
tion, and you have cells that gave good charge retention
but also failed one or both of the short tests.

For example, I guess you had two cells from Crane that
did pass the short test but had poor charge retention.

BOGNER: That was kind of mysterious. Those two cells
had been on 29,000 cycles. They were autopsied. I don't
have all the daca here. But when you look at those
separators -- and we've seen pictures before -~ the
separators were black with cadmium.

CORBETT: Well, to me what is kind of interesting
about that is --

BOGNER: They passed the short test but the charge
retention was only 55 percent.

CORBETT: But what's the test criterion? What you're
getting is a final voltage. It is not a voltage drop or
it is not dependent on how the voltage ris>s. You know,
the final test criterion is what is the voltage, 1.15,
1.19, or whatever it happens to be. And there are really
two parameters involved.

One is resistance of the cell or the resistance of
the supposed short which is in parallel with the cell,
and the absolute voltage, and it seems possible to have a
cell with some sort of a partial short but with a fairly
high initial voltage so that it decays to something reason-
able.

And it is also possible to have something like a cell
without a very high initial voltage and perhaps less of a
partial short, less of a shunt load, and have, you know,
comparable voltages on those two cells.

So I would like to put out a couple of proposi ions.
One is if a cell is completely discharged it will

probably fail the short test. I think we've all had this
experience. If you keep a cell shorted for two weeks, it
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will never come up, or for three weeks. You know there is
some time period at which you can ins.ure that a cell will
not respond.

BOGNER: Yes. You should give it a couple of cycles
before you test it.

CORBETT: And usually when we're judging plate capa-
city and battery performance, we usually think a battery
is good if we get all of the capacity out at some fairly
high voltage, in other words, if there is a very small
amount of distributed resistance in the plate itself.

Okay, so if you get all the capacity out real fast
with a very small voltage drop, then it seems to me with
that in mind that the perfect battery would probably fail
this test because under load it would lose all of its
capacity very quickly in sonetning like the Goddard test
and fail to come up,and it would probably also fail the
Hughes or JPL type of test because when you dead short it
you take all the capacity out and what you put back in is
below what is a good reaction voltage or something.

Se I think the problem is in the test itself, which is
nrobablv a kind of a dumb thing to say as a conclusion to
all of this, but I think a real problem is we're looking
at an absolute voltage; that is, trying to deduce from an
absolute voltage what is the shunt load.

It seems to me you ought to be looking at the actual
shape of the voltage rise or something that relates to the
time constant of the cell itself. T think the charge
retention test is probably a lot more instructive if you
are worried about cell reliability.

FORD: With regard to that interelectrode spacing,
I have noticed over a few hundred cells on some programs
in-house over the last couple of years that the ones that
seem to fail the short test, the 24-hour short test
initially are always those that apparently are slightly
convex. More than the others they're bulged.

We get cells, an occasional lo"“ of cells, that have
fairly thick plates and the cells arce bulged somewhat and
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those are restrained and the short test is run, and they
always fail the test.

If their cycles are reconditioned they are fine after
that, but if you take a cell that is not bulging and one
that is and you do the same thing to it, the one that is
bulging seems to have a lower voltage, always initially
especially. There seems to be some relationship between
the compression in the pack and the results of the short
tests.

30GNER: All the cells bulged, like 20 to 30 mils.
beyond the original spec size.

KIPP: From a manufacturer's standpoint we do have
some exp~2rience that I think is relevant and that is that
with our experience, when you build cells, when you start
out with an interelectrode spacing of five to six mils.,
all things being equal you will have a higher incidence
of charge retention failures, regardless of what tests you
run on those cells versus cells that you build when you
start with an interelectrode spacing of around eiqght
mils.

There is enough data to show that that's a fact.
POWELL: Powell, of Powell Corporation.

What was the separator?

BOGNER: A standard pellon separator.

KRAUSE: One comment about the origin of the short
test. I cannot attest to the veracity of the comment but
I have a recollection that about two years ago at this
workshop I think Lou Belove mentioned that he recalls it
being a test that was originated at Sonotone to look for
copper in the cells as a result of contamination from
seals way back when,

As I say, I don't know if it is true but that is what
he commented.
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I. M. SCHULMAN: Schulman, TRW.

I go back almost as far as he does. I think the cell
was originated by one Walter Scott at the Applied Physics
Lab in around 1958,

FORD: One other question. Can you give us any sig-
nificance to the fact that some of the numbers you put up
there are different from the flight cells as far as the
upper limits on the loading and so forth versus the in-
crease in percentage of the cell failing the short test?

BOGNER: I can't tell you right off-hand.

GROSS: Another useful source of cell shorting infor-
mation lies in the data on the cells that are cycling
prior to running any specific cell shorting test. 1In the
testing we do we use primarily digital data systems which
give you information periodically. This of course nisses
most of the data.

lHlowever, if you put a brushline recorder on the data
and you follow the voltage time history exactly, on cells
which are likely to have shorts vou will find transients
in the data which show that shorts are developing in the
cell and that they are burning out, and this transient
looks like a voltage dip and then later on, the voltage
comes up as the short burns out and the new voltage will
be slightly less than the original voltage prior to
transient.

This shows up especially well on cells wnich are
deliberately being tested to accelerate the shorting condi-
tion.

RAMPEL: Guy Rampel, General Electric.

The impression was left that in some six-hour cells
there was very little precharge and that in some way may
have affected the Goddard short test.

I would like to point out, though, that there pro-
bably was residual precharge available as such but not
electrochemically available, and it should generate a
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potential for it.

FORD: Correction, the low precharge was in 12
ampere-hour cells.

WEBSTER: Correction, 15.

CORBETT: Just a brief comment about the sensitivity
of the Goddard test, Sam.

Once I tried with some 20 amp~hour SAFT cells to
measure what kind of current was available after they were
shorted for something -- I think like 24 or 483 hours, and
with a 20 amp~hour cell I found that the cell behaved
almost as a constant current source and would furnish
about four milliamps.

So if you thought that a tenth of a volt would be a
significant drop or something that you pick up, that means
that test would be sensitive to something like two or
three K, a two or three thousand ohm resistor in shunt,
but that would depend upon the cell.

The actual sensitivity of the test in that case was
really cell-dependent and dependent on how much current
was coming out of the cell when it has been so-called
shorted or totally discharged, which is almost never.

BOGNER: Ron Banes at JPL did some testing by put-
ting various resistors on-- These were 20 ampere-hour
cells that he tested, and I think the result he got was
it showed that in a 24~hour period you would be down below
1l to 1.5 volts at around a 300 ohm resistor. So it was
interesting that his results came out close to what were
calculated.

BAER: Baer, Goddard.

I would like to verify - I also ran 3ome tests on
the Goddard short test and 1 found they were detectible
at 300, 350 ohm short.

I'd also 1like to comment on that one curve you
showed that began to recover and then fell off. I've
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also observed that when you have a resister across the cell
of the order of 300 ohms. I have also observed that. But
I haven't seen it fall off quite as rapidly; it was more

of a gradual decay, and gradually, maybe at the end of a
24-hour period it will be down under 1 volt. So it would
recover, and then decay.

BOGNER: This was a typical plot of two cells and if
you plot a couple of other cells that failed you would
probably get an entirely different plot.

LACKNER: There was some comment made on bulged
cells and I think I would like to follow that up.

llow was the bulge detected on an npen circuit? On
the stand? Because we are also told to restrain the cell
walls.

BOGNER: This is detected as they're received at
the receiving inspection.

LACKNER: They came in bulged?

B0GNER: Yes., And they are not restrained during
siipment.

LACKNER: So this isn't a case of the plates grow-
izy in size? It could be a gas pressure?

BOGNER: It is not believed to be gas pressure and
it was helieved to be due to the packaging. Like I say,
when we tried to look at all the data that we could,
manufacturing data, all the plates were on the high side
of the specification in loading and also the thickness.

WEBSTER: Can I ask you to hold questions now, and
we'll move on to Dr. Scott.

Thank you, Sam, very much.
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Dr. Scott's presentation is going to be improvements
in the short test. He's got the answers.

IV.3 IMPROVEMENTS IMN THE SI'NRT VP17 SCOOT/TRW
Dr. Scott.

SCOTT: All “he discussion that has been going on
here~-- 1I've been impatiently holding my tongue bucause
of the data that I am going to show you now.

After the results that Sam reported, we got to
scratching our heads and decided that one of the things
that we probably rieeced more than anrthing else to try to
unravel some of these questions was 2 more scientific
method of detecting shorts, at least mor« definitive and
more data than a single point after 24 rcurs or after one
week of open circuit stand.

So under the sponsorship of JPL, TRW unde:-took &
small study of possible apprcaches to improving methods
of test for shorts in nickel-cadmium cells. This study
is still underway. A final report will be issued early
rnart vrear, and so what I have to show you now is interin
cnta as a preview of things to come, and I think the data
is interesting.

(S1.de 42.)

The scope of the work involves all three of the test
methors previously discussed: the so-called 24-hour volt-
age decay tesk; the 24-hour voltage recovery; and the
seven-day charged stand.

We are including in the study the possible effects
of cell history prior to testing, the effect of condition-
ing immediztely prior to conducting the test, parameters
used during testing, calibration of sensitivity, and
consideration of acceptance criteria.

I'm going to give you just a very briaf presentation
here today and nnt try to be exhaustive. so what I would
like to do is first present our tentatiwve conclusions and
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then I'll show you the data, a sampling of the data that
we have so far.

(Slide 43.)

The study is not confined to experimental work we are
doing presently. It involves a survey of the literature
and summary of what is the current state of the art in
terms of test methods of experience. And this indicates
that, as no surprise to us nor anyone else, that history
of the cell can affect the results of the test and partly
because of that, some form of conditioning is required for
reliable and reproduceable results of short testiag.

We loo ed at this question of what charge rate to
use during the 24-hour voltage decay test and have con-
cluded that of the --arious reasonable rates to use, that
the old stand-by C/10 rate is probably the best one of
many to choose from,

Also, we looked at a C/l0 charge rate of charge in-
nuts, charge times varying from three minutes up to 12
ninutes, and we have concluded, helieve it or not, that
the old stand-bv, five or six minute charge invut, apnears
to be as ,oo0d as any other and proubably or imu ir teras
of case of nandling and in terms of sensitivity to re-
s .stive luads on the cell.

We have looked at the voltage, open circuit voltage
over time periods extending over a period of three days;
that is, beyond the normal 24-hour period, in order to sce
whether anything interesting is happening beyond the nor-
mal 24-hour time limit.

And generally speaking, as some cf the data here
will indicate, it looks like if the time is available
that a 48-hour stand time is probably more generally use-
ful than 24 hours, and it is mor. usefu. at 72 hours in
terms of optimizing the effectivity of the test.

Also, from the data it is prettv obvicus that a
single point det2rmination and single point pass/fail
criterion simply is too crude and is inadequate for the
purpose that the test is being used for, which gors far
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beyond the original purpose of the test, I would say, of
trying to detect whether there is copper in the cell or
whether a piece of separator is being pierced by a wire
or part of the plates.

I think the intention is to try to push this test as
any other test, diagnostic test, to its reasonable limits
in order to have a much more useful diagnostic tool, and
I think that we are on the road to being able to do that
with some of the results that we are getting here.

Now the approach that we're using involves taking
more frequent readings than a single reading at 24 hours,
namely, a voltage scan at one-hour intervals during the
entire test period. The voltages are scanned auto-
matically in the particular case of the present study with
a digital data system and the charge removed fom the cell
during those periods is, as far as I can tell, absolutely
negligible as far as any impact on the test results is con-
cerned.

As a matter of fact, as we may get into a little bit
later, in the course of testing for the sensitivity of
*he nethod by applying ev-channel resistors, we have found
thhat for anv cell up to a 30 ampere-hour size that, over
a period of 72 hours, any resistance higher than 10,000
ohms has a completely negligible effect on the results,
so that this allows for quite a variety of test instru-
ments and sampling times to be used to increase the amount
of data that one obtains during this test interval.

J0 the over-all method that we used was to obtain
frequ...t data and then to plot the data on a scale in-
volving the logarithm of the stand time, and then to look
at the results in that format.

The reason that we decided to do this was based on
some results that were published a number of years back by
Conwav and co-workers in which they showed that the poten-
tial of the positive electrode decayed on a straight-line
function of the logarithm of time over a period of many
days if the system was pure and under control.

And we reasoned that since it is pretty well known
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that a cadmium electrode in good condition and in a proper
state of charge is a fairly constant potential under these
same conditions, that therefore, if the cell truly had no
resistive shorting paths, that *herefore the cell potential
should also decay asz a function of the logarithm of time.

So we just. took that approach and plotted the data
and took a look at what it looked like.

I think you'll see that in general the data looks
pretty good on such a plot.

{slide 44.)

Here is the results of three different tests. As you
can see, the data is plotted. As you can see, the data
almost up to 72 hours is shown there. This is test data
using the decay, the voltage decay test in which all cells
were initially charged at a C/10 rate for six minuters and
then allowed to stand.

The cells involved were General Electric cells, 24-
hour rated capacity. The cells were newly received and
had not been put through any cycling after receipt from
the supplier. They had gone through, of course, the nor-
mal acceptance testing at the supplier. They had been
shorted approximately three weeks, I believe, from the time
that they were shipped from the manufacturer.

Three curves are shown here. Curve A is the plot of
the data when the test was applied immediately after
removing the shorts without any conditioning, cycling, or
whatever following the shorting period. And vyou can see
the slope.

Curve B was a test repeated after a single cycle
consisting of charging the cell for 24 hours at a C/l0
rate, discharging at C/2 to one volt, applying a quarter
ohm resistor to less than .1 of a volt, and then shorting
the cells for 16 hours. You can see that the curve is
rotated at about that point. (Indicating.)

Interestingly enough, the initial voltage has come
down: the final voltage has gone up.
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Curve C is the same test repeated on the same cells
after a second 24-hour cycle involving C/10 charge, dis-
charge, a quarter ohm resistor, and so forth. Now you can
see the curve is rotating about that point and the initial
voltage is going back up again but the final voltage at
the end of about 72 hours hasn't changed very much.

This data indicates the average of approximately 48
cells, all of which were part of the same manufacturing
lot and in this plot and in subsequent ones that I'll show
you, a single point indicates that the spread of voltages
was not more than ten millivolts at any point.

When the spread was greater than that, I have indi-
cated that by a vertical bar which extends to include the
maximum and the minimum cell voltages.

(slide 45.)

One of the questions that came up during the Viking
cell program was whether the 31 cycles that we applied to
these cells had any effect on the results of this tvne of
tast. So the cells, the data for which you just saw, were
then put through the normal acceptance test and a 3l-cvcle
burn-in, and then retested with the same approach.

Not all the same data is shown here as before.

The curve with the open circles is the one for the
cells with no resistors applied. This graph, by the way,
shows some of the first calibration data that we obtained
on these cells, where we put a 1,000 ohm resistor across
the cells and the 330 ohm recistor across.

Now if you compare this with the previos slide you
will notice that this curve has come down about 15 to 20
millivolts from the previous one prior to this amount of
testing. Also, we don't have as straight a line any more;
we have what looks like two lines intersecting at approxi-
mately six hours. But thea also we have something else.
We have a droop out here beyond 48 hours. I will talk
about that more a little kit later.

Then we started cal:brating at this point and you
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see that the curve here for the 1,000 ohm external resis-
tor across the cells might easily be considered in the same
population at the end of 24 hours as cells with no resis-
tor. So that that begins to indicate, I think, what the
potential sensitivity of this method is as a function of
time. That is, it looks like at the end of 24 hours one
would tend to accept cells that had the effective resist-
ance of 1,000 ohms, but if you carried the test out here to
48 hours or even beyond, then the difference between these
cells and these cells I think is clearly evident.

So this indicates the possible value of extending the
time period beyond 24 hours, and even beyond 48.

At 330 ohms it is obvious within 24 hours that there
is an obvious and real difference between these two curves.
However, it is interestirg to note that-~ You'll notice
the bottom of my chart is 1.18 volts. If one were to
choose, as certain procedures do, a criterion of, say,

1.16 volts, then one would pass these cells at 24 hours
with the equivalent of 330 ohms.

So you see, without having this kind of data to look
at, selecting a single point voltage at the end of any
particular time period has a very limited application as
far as knowing exactly what kind of resistance you're
looking at.

(slide 46 )

One of the things we were interested in in the study
was what the effect of long-term storage may be on the
results of such a test, so we had a group of 12 ampere-
hour cells, General Electric cells, that had been on
shorted storage for three years. We happened to have them
in a cabinet.

This curve shows the effect of our so-called standard
test conditions for the voltage decay test which is the
upper curve, C/10 for six minutes. And then in this
particular case we tested out the effects of dropping :he
charge input by reducirg the charge time to thr2e minutes
in order to see whether we might be able to possibly in-
crease the sensitivity of the test by doing that, and we
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got this lower curve.

Now here the upper curve seems to take a break here
beyond about 48 hours. The lower curve seems to be rolling
off beyond about 24 hours. Both of these were with no ex-
ternal resistors added and I believe that one might, with
additional data, interpret this droop here at the end in
terms of a certain equivalent rzsistance.

I think, generally speaking, this droop here may
indicate a resistance of the order of a couple of thousand
ohms across these cells internally.

I have not tried to do a complete interpretation of
this data at this point in time. I am just showing you
some typical results for whatever they are worth right now.

(Slide 47.)

I don't want to be partial to any particular manu-
facturer of cells but it just so happened that the scope
of the program was such that we were limited to testing
on just cells that we happened to have in-house curing
the periocd of the contract, and thiecse were limited at the
time to those available of Gulton and General Flectiric
cells. VYe did not have any new Gulton cells te test at
the time while this testing was going on, but here is some
data for some Gulton 12 ampere hour cells after one and a
half years of shorted storage.

And as indicated here, curve A is after C/10
charge for six minutes.

Curve B explored the effect of increasing the charge
time to 12 minutes. And you can see that the effect was
to raise the voltage level and in this case, instead of the
curve turning dowun out here, there seems to be a flattened
portion.

In general, it looks like one way of telling the
difference between cells that appear to be in good condi-
tion with no signs of shorts, either that the curve on a
log time basis is either straight or it's convex, it's
concave upward and whenever you have a curve that is
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concave downward, you might begin to suspect that something
else is going on within the cell and is acting like a
short.

(Slide 48.)

Here is some resistive calibration data, again for
Gulton cells, in this case after three years of shorted
storage. All these curves were run with the so-called
standard set of conditions, C/10 charge for six minutes.

Curves A and C, the circles open and closed, indi-
cate the range of curves that we got with no exterr-1l
resistors applied just to indicate what the variabilities
from one group of cells to the other might be.

Curve B, for a 1,000 ohm resistor on the cells.
And you can see hers again at the end of 24 hours 1,000
ohm resistance w-uid essentially have no difference be-
tween those and cells with no resistance applied at all
except possibly the fact that here we are beginning to see
a spread of more than 10 millivolts.

Still, if one were to apply, let's say, a 1.16 or
1.18 criterion, you might be tempted to accept all those
cells.

Now 1,000 ohm resistance may indeed be perrectly
acceptable for a given application, so you have to know
what resistance you're trying to look at. Obviously, by
the time you get out here to 48 hours, you have a dis-
tinct drop in the curve. It is beginning to be concave
downward and I think the presence of a resistor then be-
comes obvious.

Here again is a curve for 500 ohms and you can see
how clearly distinquishable that curve is.

Now most of the work to date has been with the so:
called voltage decay test. We are now in the process of
doing similar work with the voltage rec: ery test and also
with the seven-day chargedstand test. We are looking at
the exact shape of these curves and getting more quanti-
tative data on what their inherent sensitivity might be.
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I only have one set of curves to show you at this
time. 1It's rather incomplete. But here's a set of curves
for a voltage recoavery test involving Gulton 15 ampere-
hour cells.

(Slide 49.)

Here again the cells that we had to work with had
been on short storage for three years and that may affect
the results to some degree. But shown here are results
for no external resistor, the circles far 500 ohm external
load and for a 1,000 ohm external load.

I don't really know exactly what to make of this
data yet. It appears that generally speaking, the czlls
with the lighter loads rose faster toward their final value
than those with the 500 ohm load, but there's a lot of
overlap and I'm nc% just sure what we are going to find out
in terms of the over-all shape of the curve.

As you can see, this data happens to stop at 24
hours because all the cells except cne -- this was just one
low one here -- had reached a certain limit but we are
extending this test also to 72 hours to see whether we can
find out anything more.

So the outcome, hopefully, of this work is going to
be some much greater insight into what is going on during
this kind of testing, maybe a better way to present and
display the data, and hopefully more knowledge as to how
to interpret the data, and some recommendations for im-
proving our approach to making these kinds of tests.

Thank you.

WEBSTER: Thank you, Dr. Scott.

Are there questions?

J. H. SCHULMAN: Joe Schulman, PSI.

Did you look into the question of how iong you should
leave the cell shorted?
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SCOTT: To a limited extent. It is obvious that if
you do-- I guess you're talking about leaving the short
on after you do the discharge just prior to putting in the
short charge. 1Is that.right?

J. H. SCHULMAN: Yes.

SCOTT: We have looked at that, extending over a
period from four hours to 24 hours, and don't see any dif-
ference;as long as you do a conditioning charge in the
manner that I have indicated, it does not appear to -~ in
that range does not appear to make any difference.

J. H. SCHULMAN: What about open circuit recovery?
Does it have any effect on that?

SCOTT: I don't know yet. We are looking at that,
yes. Obviously again if you-- We do know, as other
people have indicated, that if you don't do a full charge
and a discharge within a short perind of time prior to that
voltage recovery test you can get any results you want.

In fact, just for information, when we took cclls off
of storage where they had been shorted anywhere un to
three years, we imnmediately did a voltage recovery test
every time, and usually the results were that the volt-
ages never recovered to more than .2 or .3 of a volt after
those long shorted periods.

So we know that that voltage recovery test follow-
ing a long short down is not an indication of anything
except the cell is completely discharged.

SULKES: Sulkes, USAEMDM.

On the voltage rocovery test or I should say voltage
decay test, have you ever considered running it at low
temperature so that the cell itself discharged portion
would be separated out?

SCOTT: Yes, indeed. I think that's an obvious
thing to do. We were not able to do it within the scope
of this particular program bu: if anyone wishes to
separate those two even more clearly, certainly that is ¢t
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be done at low temperatures.

KRAUSE: Dr. Scott, if we continue to use these kinds
of tests like the voltage decay :test and we find some cells
have 500 ohms apparently on them and others perhaps one K
ohm, could you venture an opinion as to what the useful
life of that cell might be? What is really normal? What
do we do with these results in terms of screening cells?

SCOTT: Well, I was not prepared to venture such an
opinion right now. I don't really know clearly what the
answer to that question is.

The answer tends to lie-- Well, let's say the ques-
tion, if you have X ohms now, is that going to remain the
same or go up or go down with further use of cycling of the
cell? I am not prepared to say where it is going to go.

Generally speaking, I think there is a feeling that
the longer the life or the greater the cycling, the greater
the chance that the cell has some kind of resistive or
internal discharge path, but I'm not convinced that that's
the case,

DUNLOP: Two groups of data you presented showed one
group of cells where there was sort of a tail-off at the
end after about 48 hours, and another group of cells in
which -- these were two different manufacturers -- in
which they tend to be curving up, or there was not this
tailing-off.

Now did you do a further analysis to tr. ‘'.. atermine
if, for example, the question o: the point th.: ¢ . bkrought
up about the spacing, or what t ere the differe: =28, ~. '‘d

you find any differences between the two celis? ™
do you account for the differences between the .

SCOTT: First of all your last question firsc..

No, we have not looked into the question of what the
interplate spacing is in any difierences between the cells,
at least so far in the program. That was not part of the
original purpose of the study. However, it certainly is a
key point.
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I think though that the reason for the difference
in the shape of the curves that we are sc¢ ing may not be --
well, may or may not be associated with the spacing, but I
tiiink in the case where we saw the curves con—ex upward,
I believe all those cells were in better condition. There
was reason to believe that they were newer cells.

In fact, the only cells I helieve that we saw of that
shape were newer cells. All of the cells that had been
stored over a long period of time tended to show some roll-
off, at least after 48 hc'l,y, ™hich indicates to me that

there is something behaving as a: least a small, barely
detectable shorting mechanism going on inside the cell.

What I'm saying is that-- Well, one point I said I
was going to comment on but didn't, and that is that it is
interesting that if you plot and ‘ock carefully at the
chape of the curves rp ottel on a cemi-long plot as we
have here, for the curves with resistive loads ror a cer-
tain number of hours they fall away ~-- a real good,
straight line on a semi-long plot, and only after X hours
do they begin to roll off and go down.

S0 that depending unon the size of the resister you
have. even on “iis kind of plotting vov cannot distinguish,
based on a straight line between a resistive loacd and ro
resistive load. You bhave to wait until that straight-
line portion -- until you comz to the end of tkat and then
you can see the roll-off and that would be the value of
extending the perio® of the test beyond 24 hours, it looks
like right now.

ARMANTROUT: Armantrout, Philco.

Yn this particular batch :f cells, I um familiar with
them from my employment with TRW. I know they were
shorted for this perind of time.

What conditioning did you do to the cells prior to
doing the standard charge retontion test in the way of

cycling? That's one question.

The other question is: They previously had an .C
impedence test. Have you attempted to correlate any of
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those results with the results you're getting now?

SCOTT: Your first question: Most of those results
that I'm showing you here follow one cycle, a 24-hour-plus
cycle prior to doing the charge retention test. It looks
like ovne cycle, done properly, is udequate for condition-
ing for performing this test. You can do more but it
doesn't seem to make any difference.

We did measure impedence, AC impedence of most of
these cells from which the data you have was shown, after
removing them from storage and taking off the shorts, after
the first conditioring cycle following the short down, and
those impedences were within the normal range that we see
on fairly new c<«lls.

For examplc¢, on the 12 ampere-~hour cell, it is about
four to five milliohms; on a 24 ampere-hour cell it is two
to three milliohms.

CORBETT: I was very intereszted in the comment rou
rade when John Armantrout asted his question, and that is --
or I gquess it was just osefore that, what vou said about
thie volhage on a seriloc lot “einc very linear and then
havins a sulden dropoff.,

If you »uld plot that on a linear time scale it
would be much like what you get on a true charge retention
test. It's a voltage time test for a battery discharge
and you're simply, I believe, running out of capacity.
~ou know, you've got some fixed shunt load and you're
running out of capacity.

SCOTT: On a linear time scale it's a linear S-shaped
discharge curve

CORBETT: Right.

And if the question is you don't know what kind of
capacity is in the thing in the beginning, then how do you
know what kind of a shunt load is on it at tb» end? 1In
other words, I think we're really back at the same problem
again.
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If you don't know how much capacity is there and what
the cell internal resistance is, how can you make this test
really meaningful?

And the follow-up to that is you made a comment about
one lot of cells could be projected if you had a 1.19
criterion, that they would be accepted -- rejected with
1.19., and they would be accepted with a 1.16 volt cri-
terica.

y question is why would you want to reject them
with a 1.16 criterion, or a 1.10 or a 1.19 in terms of real
usage?

SCOTT: Your first question is-- I think it may turn
out that you have to accept a certain equivalent resist-
ance in the cell in order to get you out of the noise level
introduced by residual charge in the cell. I don't know
what that number is, but I would hope that one could say,
well, for a given size cell I need to detect -- I would
like to detect 500 ohms. If I can detect that or anything

lower it's all right, and anything above that I will ac-
cent.

7ell, mayhe by doing that you could avoid argument
as to what the effect of the exact state of the charge is.
That's a tricky point which is still debatable.

I think every user is still going to have to exer-
cise some judgment as to what kind of criteria he wants to
apply, anu all that we are trying to do is really just to
provide a data base on which to do some more cogitating.

On your second gquestion-- I've forgotten the second
question.

CORBETT: Why would you reject cells with a 1.16
criterion?

SCOTT: Well, it looks to me like if you had these
full curves to look at, why not? That is, I think if you
didn't have these full curves to look at, you could have --
a 1.16 could correspond to a 500 ohm resister whereas a
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1.19 or 1.20 or even higher could correspond to two or
three thousand ohms.

If you had your druthers, wouldn't you rather reject
cells that had the highest equivalent resistance that you
can?

CORBETT: If you know that they are brand-new, when
you have a very limited amount of initial testing and
initial cycling on the cells when the tests are made.

I think one of the problems we have is *hat we get
some cycling done at the cell vendor and we come in and
we match cells in-~house, and you may keep the battery
around for some time and you run the tests before you fly,
and I'm not sure it is as valid a test then as it was when
the cells were initially procured.

SCOTT: Well, you raise a good question. I'm not
sure that the test-- Probably the test is going to be a
lot more valid and less argumentative when it is done on
a brand-new cell than at any time thereafter. It could
turn out that way. It looks like that is what is going to
hapn»en.

CORBETT: Cells certainly run for years after they
have a very significant shunt resistance. You can put 100
ohms across them and they will just run for years and
years if you have a trickle charge on your system, which
most power systems have.

WEBSTER: The last question by Ford and then we have
to break for lunch.

FORD: So far you have addressed yourself to the
ohmic aspect, the resistance aspect of this testing. Have
you considered the implications that the test results may
be telling you about the electrochemical aspects of the
cell as far as the amount of electrochemical precharge,
and I use that term to clarify the term "precharge,"
electrochemical versus chemical.

Also, do you plan to look into the effect thac the
state of charge on the negative electrode has on either
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type of test?

SCOTT: Certainly I recognize that the state of
charge of the negative can have an impact theoretically.
We have had problems in the past which suggest that that's
the only explanation for what we see, is that with in-
adequate precharge when you discharge the cell all the way
down to zero, if you are negative-limited, the negative
potential controls the cell voltage and you don't know
what the test means under those conditions.

However, the program that we are working on is very
limited in scope and we won't be able to consider those
refinements.

WEBSTER: Thank you, Will.

(Whereupon, at 12:45 p.m., the workshop was
recessed to reaconvene at 1:30 p.m. the same
dav.)
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AFTERNOON SESSION
(1:40 p.m.)

IV.4 THE ACCELERATED TEST PROGRAM: D. MAINS/NAD CRANE

We have approximately five more speakers left, and our
first speaker will be Don Mains from Naval Ammunition Depot
at Crane, Indiana, and he will be addressing the subject of
accelerated tests.

MAINS: Thamk you, Bill.

For the past several years we've been telling you
about the accelerated test program, its progress at Crane.
I'm glad to announce that it is under way, and we do have
some preliminary results that I would like to preseant to-
day so that we all see where we stand,

(Slide 50.)

To statt off with 1'11 give a quick rua-down om what
we 're talking about in the program.

The cells as they're received are fabricated imto
packs, amd then each one of them runs through the baseline
test. This give us a basic package of informatiom that is
identical as far as eavironmental conditions on each bat-
tery.

Then they g0 into cycling on their given matrix com-
ditions. Prom that point then they're either removed per
schedule which was developed through NASA and the Air Force
or they fail, either with pressure trarsducers on theam o
without. And this then governs what type of post-cycling
analysis is done, finally ending up with a physical and
chemical analysis of the cell itself.

In addition to this, them, the data is analy~.d for
the statistical results that we can arrive at.
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(Slide 51.)

At the present time we hive the star poiat ia normal
tests and have started some of the fractiomal factorial
programs on the test. 8o this gives you some idea of how
many batteries we have on test, also the relative number of
cycles at test conditions ranging from about five to a
little over 1900 at the present time.

(Slide 52.)

When we receive the celis we also receive information,
or all the test results from the manufacturer. S0 what we
have dome is taken a look at some of this data, correlated
the pressure versus voltage -- 1'm sorry; precharge versus
voltage. We have the precharge, the amount of potassium
hydroxide, and the poutassjium hydroxide coacentration.

This is to give you an idea of how the results are distri-
buted for the precharge here.

(Slide 53.)

For the amount of potassium hydroxide versus voltage.

(Slide 54.)
And for the conceatration of potassium hydroxide.

The voltage data did not reveal any major significant
differences among the three different groups of data.
However the results on the percent of KOH did give the most
surprising, in that 30 percent seemed to give a lower volt-
age level than the other two. We seemed to have a low
poiant at about 30,

(Slide 55.)

We also looked at the same data compared to pressure.
This was for the amount of potassium hydroxide.

(slide 56.)
This one is on the amount of precharge versus the
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pressure.
(Slide 57.)

And this one is on the concentratiom of potassium
hydroxide versus pressure.

Again, the differences are not very significant. But
you can see that the 38 percent does give a considerably
higher pressure, also a lot larger spread on the data.

We've done a similar analysis on the test results that
G.F. did on the 16-hour charge. By the way, this was on
the 72-hour charge on G.E. We did the same thing for the
16-hour charge that G.E. ran at 22 degrees Centigrade and
compared it with the test results that we had on a similar
charge at 20 degrees Centigrade, and the data came out, for
all practical purposes, identical.

(Slide 538.)

One last item: The purpose of the whole program is to
come up with eventually with a prediction to failure.

This, I want to say, is a very preliminary approach on
this; the first column being the pack numbers, the second
being the scheduled failures. These are the numbers we
have used on these particular packs to gauge out our remov-
al cells. The numbers were arrived at by Dr. Landers of
the Air Force.

The Crane predictions to failure use the information
that Dr. Landers had arrived at. Plus we've takea the re-
sults of the first five cycles and inputted them using the
Lannon technique, or the voltage to 1.25 volts to come up
with the new predictions.

As more data begomes available, and as we begin to get
failures, these will continually be refined. But I
wanted you to see at least some of the results we are get-
ting, and the idea that to the present time we have bhegun
to predict, How good these are, only time will tell.
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IV.5 OSO TEST RESULTS: W. WEBSTER/GSFC

WEBSTER: Thank you, Doa.

The mext topic of conversation is the results of the
0S0 characterizgtion. These tests were performed by my-
self at Goddard.

The cells were procured by Hughes according to a speci-
fication which was modeled around the Goddard specification.
It bas a Hughes number of PS8 31331-133. Essentially they
have to have a negative-to-positive ratio greater than 1.5,
It also specified that the precharge would be -— repre-
sented a minimum of 35 percent of the excess negative.

Typically the cells had around 3.3 ampere hours of

precharge, and they were a nominal 12. The manufacturer
was General Electric.

Also these cells were stored, some of them were stored
for prolonged periods of time in a nitrogen atmosphere.

The original contract was for an order of about 300
celis, and we eavisioned at first haviag three satellites.
The program has now been reduced to one. S0 we have an

excess Oof cells that are qualified th:t are on storage now
down at G.E.

Also 1 might mention that this technique has also been
used, and quite successfully so, with Gulton Industries on
the ATS-F progrem. We store a couple of huadred cells up

there. They're stored up there in an Argoa atmosphere, and
are activated when we need them.

This makes for several advantages. Omne, you have a
quick turn-around time when you need cells, and, two, if a
program phases out esseatially you have virgin cells, be-

cause they haven't been activated, and they become available
for anuvtner progran,

We ran a sories of tests prior to conditioaing. Let
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me tell you what we're conditioning for and what tests they
are.

This spacecraft consists of a voltage clamp system
which has eight levels which, in origin, evolved around the
OAO philosophy. However the voltage levels were curtailed
quite a bit. It was found that on OAO the upper levels
were never used, 80 that they were down-gshifted to give us
lower levels. The designation became 00, O, 1, on up to 6.

In addition, the original intent of the program was to
have a third electrode. The third electrode, however, for
cost considerations, was deleted. So the actual spacecraft
which will be launched, possibly in March of this year,
will have simply a voltage clamp system, a charge rate of
C/10 and eight levels, with no third electrode.

However, since we went through the characterizatien,
accumulated the data, we're going to present it here, and
ther possibly people can make use of it.

Our imitial conditioning of these cells at C/20 yield-
ed 15.7 ampere hours and very low pressures. At the end of
48 hours' charge we got in the neighborhood of 13 to 18
pounds per square inch absolute. Then they were subjected
to short test, which they all passed.

The next part of our characterization was to subject
the cells to a decade box for determining the optimua re-
sistor to be used for the third electrode signal.

(8lide s59.)
The results of these tests are shown on this curve.

The way that this test was performed is that the cells
were charged at a very low constant currunt and allowed to
come to eqQuilibrium for twenty-four hours before the data
was obtained. The data was obtained by switching a variable
resistor box in increments of 1, 2, 5 and 10 units of re-
sistance. And them it would go 100, 1000, 10,000. And
these data points were acquired at three different tempera-
tures, O degrees, 15 and 23 degrees C. No attempt wac made
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to keep the pounds per square inch constant. But they came
in pretty close. You can see it ranges from 23 to 28 pounds
pPer square inch.

SO you see what people have shown before; that is, that
as the temperature becomes colder the signal becomes lower.

Also we are interested in obtaining-- We plot this
resistance versus the power, not versus the millivolts. And
this is because we feel that the power gives us the great-
est sensitivity, that is, for one pound we see the greatest
change.

(Slide 60.)

Next I was interested in-- The cell pack consisted of
five cells, four of which were third electrode, s0 I was
interested in what was the variability of signal under any
one condition. SO here we had constant temperature, cur-
rent, .4 amp. The voltage had reached an equilibrium, it
was "ot clamped, of 1.46 volts. And this is how the third
electrode signal varied in the temperature in the pack from
cell to cell,

And just a general statement 1 could make at this
point is that if you were considering cells for flight use
you would probably throw out the top cell: it gseems way
out of line with the rest.

(Slide €1.)

After completing that, our next step was to run a
0° 70-hnur overcharge test. And the results of these will
become very important. I wish you would kind of look at
this and remember it, because as the characterization tests
conclude, we had trouble with this particular test. So
this is the initial findings.

Our voltage peaked at 1.52 and then came down. And our
pressure stabilized at about 54 or 55 prunds per square
inch absolute. And that shows-- It's plotted versus
ampere hours in. It was a C/10 charge rate, O degrees C.
for 72 hours.

Our next step was to run a series of standard capacity
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checks; 'standard' meaning charging at C/10 rate at 0,
15 degrees C. and 25 degrees C., and discharge at C/2.

We found that at 25 degrees C. we got 15 and .5 ampere
hours out, and at 15 degrees C. we got 15 ampere hours out,
and at 0 degrees we got 14.3 ampere hours out, with the
undercharge pressure being approximately 30 psi.

Our pnext step in the characterization was to run a
burn-ia cycle. The purpose of ths¢ Sura-in cycle was to
stabilize the cells prior to characterizing the celis for
C to D ratio versus various voltage limits on the charger.

We ran approximately two hundred cycles at what we
call Level 3 -- I'm sorry; level 4, which was equivalent to
1.448 volts per cell at 15 degrees C. The emphasis will be
on 15 degrees C. because that is the projected operating
temperature of the spacecraft.

Our C to D ratio, while holding all those \vuings con~
stant ~- that is, the voltagze to charge current, the temp-
erature -- ranged, in C to D ratio, over 200 cycles from
106 percent to 110 percent.

Having completed this, we went into the actual voltage
characterization of the cells for the charger.

(Slide +62.)
The results are shown on this slide.

The charge rate for the spicecraft is 3.2 amps, the
discharge rate is also 3.2 amps. The depth of discharge
is 16 percent. It's a 36-minute discharge and a 60-minute
charge cycle. And we characterized the three different
temperatures, O, 15 and 25 degrees.

The various charger levels would be represented --
00 would be the first one you would read, O, 1, 2, 3, all
the way up to 6.

As ] stated before, 15 degrees C. is the temperature
at which the spacecraft would operate, so thai's the one
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that we 're most interested in.

To £ill in that curve some more with some more
characteristics: it was noted that between level 00 and
levea 3 the pressure stayed below 1 atmosphere; that is,
the highest it got was 11.8.

The end of charge current between Level 00 and Level 3
ranged between a2 half of an amp and .4 amp. Then at
Levels 4, 5 and 6, the last three data points on each
curve, at 15 degrees C. in particular, the end of charge
current was,at level 4, .7 amp, at Level 5, 1.04 amps, at
level 6, 1.28 amps. And the pressure increased correspond-
ingly: 17 psi, 23 and 31.

Without going into the details of what the character-
istics werev for the other temperatures -- that is, O and 25
degrees, it suffices tu say that the curreants were in the
same general region, and also that the end of charge pres-
sures were in the same general region; that is, generally
speaking, out of these eight levels we have very low pres-
sure cells.

Now what is also interesting to see is that up to
about Level 4, which would be this point here, we're main-
taining the cells at no more than abhout 110 percent of the
spacecratt operating conditions. 1It's anticipated at the
present time that the spacecraft will be launched either on
level 2 or level 3, so that's 00, O, 1, 2, 3, somewhere in
this region we're talking about 107 percent C to D ratio
initially.

Upon completion of this characterization of the cells
at these voltage limits-- Let me state algso that these
readings of the C to D ratio are accurate to 1 percent.
That was our electric ampere hour integrator. And also, we
wsuld not go from one level to another until we maintained
stability for a period of approximately ten orbits.

After completing this test we performed a spacecraft
capacity discharge; that is to say, the cells were at
15 degrees C. ana we discharged at the 3.2 amp rate until
we reached 1 volt, the undervoltage point on the space-
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‘craft. ¥We ohtained 14.3 ampere hours out.

We then performed a reiteration of the baseline
capacity check at 15 degrees C. and obtained 15 ampere
hours.

Then in trying to repeat the initial O degree over-~
charge test we had our problems.

(slide 63.)

This is an attempt at the same test under the same
condition, that is, C/10, O degrees C. And we are going to
try to charge the cell for seventy-two hours. You can see
what happened after approximately fourteen hours, where the
ampere hours in was approximately 18 to 19 ampere hours in.
The voltage had stabilized, but the pressure had gone up to
about 72 psia. So we terminated the test by discharging at
C/2, shorting the cells overnight, and then trying it againm
at 0/20.

(Sslide +¢64.)

At C/20, the same problem. It didn't go away. We
had our safety limit set, an electronic pressure transducer
over the top of the cell,at 75 psi. The voltage }.d taper-
ed down to 1.49 but the pressure had continued to . icrease.

So then the question came, Is it oxygen or is it
hydrogen?

Next you see here a curve, the pressure decay. This
is open circuit decay, s0 it would lead one to believe that
it was orygen, indeed. It dropped down to less than an
atmosphere in eight hours.

We have no explanation. We do have some more cheamical
analysis for salts in the cells which will be given tomor-
row as a Keneral package of snalysis of approximately
twenty cells we have at Goddard. It details such things as
negative-to-positive ratio, capacity, and everything is
what everyone thinks it should be.

We're going to 21y the cells: we have no reason not to.
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Why I say that is, we've had the cells on life cycle tests
at Goddard, and now they're on test at Crane. For anyone
interested in following the test at Crane, it's gnck 7c,
and it has approximately 4000 cycles on it at 10 C. and
Level 3.

In~house, we ran approximately 4000 cycles on some
cells which Hughes had already run approximately 1500 cycles
on. The results I have on this chart.

(Slide +65.)

This is operating under what we envision the nominal
spacecraft conditions being: 15 degrees C, Level 3.

You can see the cycle numbers on the side: 200, 1200,
2100, 3100, 3900, and the note at the bottom indicating
that 1500 cycles had already been run at Hughes. The end
of discharge voltages are kind of typical, they're decreas-
ing,as they should, with life.

End of charge is clamped at level 3, as I indicated,
and it is spread on either side. The end of charge cur-
rent is indicated as approximately .6 through all cycles.
The pressure doesn't seem to be increasing or decreasing,
it's approximately at one atmosphere. And the C to D ratio
is fluctuating slightly between 107 and 109 percent.

So these cells seem to operate fine under their in-
tended use. HOwever they do not pass the cold temperature
overcharge test. There is nothing in the analysis, and it
was built according to essentially the Goddard spec. So
we have no answer, and I just pass this information on for
what it's worth,

That concludes my talk,

Any questions or comments?

KIPP: Did you have a real need to run the O degree
C. overcharge at the C/10 rate? Was there a program need
for that? Or was it just an arbitrary number?
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WEBSTER: It was an arbitrary number.

KIPP: I was thinking of that versus 20, which is the
normal Goddard test.

WEISTFR: It was arbitrary, but you will see that--
Well, you don't have the background. But I do. It was
run one time mistakenly at G.F. at C/20, and the data came
in abdut the same level, about 13 pounds to 30 pounds,
around that range, over the entire cell hase. And we tried
to repeat it at C/20 here, and of course we went -~ we
would probably have gone over 75. We had not stabilized;
we just stopped there for safety reasons.

FORD: I'd like to make the point that C/10 is very
safe. It isn't a Goddard requirement.

WEBSTFR: It's a Hughes requirement.

IRV SCHULMAN: I think, with respect to Mr. Kipp's
question, just recently we have seen a phenomenon. exactly
similar to this one. This was on a E.O. program where
we tested some Gulton cells at O degrees C. at C/10 for
sixteen hours., And they passed that test. But subsequent
tests failed. The pressures went up. And we have no
explanation for it.

WEBSTFR: Was it also oxygen pressure, as indicated?
IRV SCHULMAN: It was Oxygen pressure, Yes.
YEBSTER: Okay. Thank you.

GROSS: Bill, did you cycle the battery at the low
temperature before you started the overcharge test?

WEBSTER: No. This was -- In fact, the place that it
occurred was right after the~~ We had just finished our
characterization, which probably went in the sequence of
15, 25 and then O. And then we did a couple of capacity
checks, as I said, at various temperatures. S0 we had not
cycles at cold temperature prior to rumning it. However on
subsequent testing we tried this about four times. So that
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should suffice as some type of cycling. And it would never
Pass.

GROSS: Prior operation at higher temperature makes it
difficult tc get good performance at low temperature.

WEBSTER: Marty?

GANDEL: How well were you holding at O degree C.
temperature?

WEBSTER: Unbelievably well. One degree. This is an
extremely accurate set of experimental data. The ampere
hour integrator was accurate to 1l percent, the current
regulation was accurate to a hundredth of a percent, the
temperature chamber was accurate to plus or minus 1 degree.

Fred?

BETZ: Concerning this characterization testing, the
cycling you were running, about how many cycles did you run
before you got equilibrium at each voltage?

WEBSTFR: Typically, 1'd say it would take approximately
twenty-four hours after the cells had seen all this exercis-
ing; you know, we went through the burn-in and things like
that. Once we got to characterize each level we would stay
at it approximately one day, then observe the results for
less than a 1 percent. Plus or minus 1 percent was our
criterion. When the results did not deviate more than plus
or minus 1 percent on the C te U ratio, then we said that's
a good data point.

BETZ: Did you discharge for gapacity at that point,
so thet you have capacity versus--

WEBSTFR: No. VWe discharged at the end. That's what
I meant when 1 said I ran the spacecraft capacity. And we
only got out 14 ampere hours at that point.

BETZ: Could I look at your data later?

WEBSTER: Sure.
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We hope to get out an X report on this in a lot more
detail with a lot more data by March.

CORBETT: Bill, what was your DOD when you were
characterizing the~--

WEBSTFR: 16 percent; which is what the spacecraft will
operate at.

CORBETT: The other question I had: Omn the over~
charge voltage problem, do you have any reason to believe
that those cells are wetter than normal?

WEBS.ER: Than normal? They have 35 c.c.s8 of KOH
in there, according to the manufacturer.

Unfortunately, our chemical analysis, the way it was
being run in-house at that time, was forcing an answer.
And we came up with dbout 40 c.c.s.

¥hat I mean by 'forcing,' they just analyzed for OH
jons, and they assumed that it was 31 percent, rather than
doing a weight determination and then analyzing for OH ions
and coming up with a correct percent.

So forcing it and saying it is 31 percent, when we
analyzed it it came out to be approximately 40 c.c.s, as
opposed to the manufacturer who said 30, So I think the
truth is probably very close in there.

And we don't have teflonated negatives, I don't
believe.

So it's just another phenomenon.
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IV.6 EFFECT OF RECONDITIONING: I. SCHULMAN/TRW

WEBSTFR: Our next speaker will be Irv Schulman of

TRW, and he will be addressing the subject of the effect
of reconditioning.

IRV SCHULMAN: This afternoon I wish to report on the
Fleet SATCOM battery test, in which the objective was to
determine the effect of reconditioning cells during the
eclipse period.

The Fleet SATCOM battery program, which is an Air
Force program, the battery itself is made up of twenty-
four nickel-cadmium cells, 24 ampere hour nominal capacity,
and the cells are General Electric cells., There is

electronic protection for overcharge, for both overcharge
and cell reversal.

I might say the principal Investigator on this program
is Mr. Jim Pierce of TRW Battery Group.

The test itself was what we consider to be an acceler-
ated life test, accelerated to simulate a five-year opera-
tion. We accelerated by cutting down on the total day
period to both 12 and 16 hours, as I'm going to explain in
a few moments. And we also cut down the solstice season
from three months to apprcximately five days.

Now in this program there were two 12-cell battery
packs, of which one pack was reconditioned after each

eclipse season; and I will go through the reconditioning
program in a few moments.

(Slide 65.)

This Vugraph describes the ten eclipse seasons of
45 charge?discharge cycles. And you can see, if you loop
down to 22 and 23 and back up to 45 you will notice that
seasons 1 to 5 -- on the righthand side, the seasons, it
shows you the discharge time in minutes, and on the left
you see seascns 1 to 5 with a cycle of approximately twelve
hours, in seasons 6 to 10 with a cycle of sixteen hours.

Now let me explain that.
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In Seasons 1 to 5 we considered that the battery was
new, all batteries were in operation, and that the power
supply, the so’ar array, was Ifresh. When we got to Seasons
6 to 10 we figured that the solar array was now degraded.
And you will see when I describe -- well, it was degraded.
And one cell in one battery had failed, in one of the three
batteries on the vehicle.

Now since there is a constant power load, our systems
people, with their programs, determined that the depth of
discharge would increase from 63 percent depth of discharge
in Seasons 1 to 5 to approximately 75 percent DOD in
Seasons 6 to 10. Also, during the first five seasons the
charging rate was at 2 amperes, and in Seasons 6 to 10 it
was 1.6 amperes, again simulating a degraded array.

The discharges 1 mentioned were constant power dis-
charges varying from 20 to 72 minutes.

The method of gharging is a constant current charge
to a temperature compensated voltage limit, and at the cur-
rents 1 mentioned, both 2 amps and 1.6 amps, after which we
then switch to a trickle charge of .24 amperes, which is
approximately the C/100 rate, for the remainder of the
charging period.

Now another systems variation was the temperature
variation that we imposed on this program.

(Slide ¢656.)

The baseplate temperatures were varied to simulate
battery temperatures during mission. During the Jischarge
the cells baseplate temperatures were kept at 21°C., and
during charge they were lowered to 7%.

Now when the mttery reached to within sabout a half a
volt of the temperature compensated voltage limit the
baseplate temperature, again it was changed to 16°cC.
During the trickle charge it was again lowered to 7°C.

Now, again, these are all systems requirements that
the vehicle will see.
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We alsc had thermal switches to change the charge rate
to a trickle charge if the battery temperature ever reached
37 degrees Centigrade.

This test was started in January of this year and is
8till going on. The tenth season was completed yesterday,
and unfortunately the results have not been plotted for the
tenath season, but 1 think I can explain theam to you.

(Slide 67.)

The results are reasonably dramatic., Here is the re-
conditioned system for the first five seasons, and then,
of course, with an increase in the depth of discharge there
is the expected drop. And the curve continues dowa this
way. The tenth season is right in line with these results.
So there has been no drooping away. So the tenth season
was as expected,

As far as the unreconditioned batteries, they started
out at a lower level, but then with the increase in depth
of diacharge they come down dramatically. And, again, the
tenth season follows right in line.

Now the requirement on the system is a 1.0 volts per
cel) end point. And it would seem to me that this experi-~
ment points out certainly the beneficial effects of recon-
ditioning,

Thank you.,
any questions?

KRAUSE: 1Irv, what kind of reconditioning procedure
did you use?

IRV SCHULMAN: 1I'm sorry; you're sbsolutely right.
1 torgot to tell you about that. Okay, so we'll continue.

Reconditioning is performed, of course, on one of the
12-cel) packs at the end of each eclipse season, and the
other pack receives the normal recharge and remains on
trickle charge until the start of the following season.
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The reconditioning of one pack weat this way:

At the end of the last discharge of the eclipse season
the battery is recharged in a noraal! manner, at a constaat
current of 1.6 or the 2.0 amps, depending on the season, to
the temperature compensated voltage limit, It is then dis-
charged at a constant power of 190 watts, a constant power
load of 190 watts, until the first cell goes below 1 volt.
Then discharge is then terminated and a 25 ohm resistor is
connected across this 12-cell pack until its voltage reach-
ed 12 volts or until one cell reached 0.5 volts.

That ended the reconditioning, and the pack was then
recharged and remained on trickle charge until the follow-
ing season.

So there is no real atteapt to £o down to a Zero
situation. However it still seemed to be an effective
method of reconditioning these packs.

1 also might mention that although we simulated a cell
failure there have been no cell failures in this program.

Now we hope to continue on with this Iar veyond the
tenth season, although we have met the primary objectives
of the progranm.

CORBETT: What was the actual test temperature?

IRY SCHULMAN: They varied all over the place.

CORBETT: Wha!t was the control temperature? What did
you attempt to keep it at?

IRV SCHULMAN: VWell, we kept it, as 1 showed you,--

CORBETT: Well I guess I must have missed that.

(S14de 66.)

IRV SCHULMAN: You can see the base plate temperature
and the battery temperature up above it. And the reason
for this, although it may seem peculiar, is that this was
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a system requirement, this is what the Thermal people told
us the system would actually impose on the battery itself.

CORBETT: Okay.

KRAUSE: 1Irv, was there a difference between the recoa-
ditioned and unreconditioned battery in the C-to-D ra‘io?
In other words, it was going to some comtrol limits. WVere
they behaving differently on charge?

IRV SCHULMAN: Not as far as I know. 1 don't have the
actual C-to-D ratio. 1 think it is about, something a
little below 1,10, But I don't have those figures. If you
will give me a ring I can get them for you.

HELIZR: 1I'm curious as to your rationale “or recon-
ditioning immediately after eclipse rather than before.

IRV SCHULMAK: Well I guess it was after the use of
the system., There is really no reason to g0 one way or the
other that I can give you; it's just probab): a very arbi-
trary choice.

CORBFTT: Another piece of data: Ve had an accelerated
test similar to this as far as the profile, the actual
discharge profile that has been on for about three and a
halt years. And we're running SAFT cells at 20C., ~20, and
zZero. And we've had a need to recondition the cells at 20
about six times to keep above 1.1 volts at end of discharge.
The packs at -20 and zero have not had to be reconditioned.

IRV SCHULMAN: Yes; but, you know, this test seems to
be run ia a reasonably favorable situst.on. 1It's run be-
tweon--

CORBFTT: It's moderately war=, I take it?

IRV SCHULMAN: It's from 7 degrees up to about 20-some-
odd degrees. By today's standards I think it's reasonable.

1 think, however, the experimgnt does point out that
there is some benefit to the reconditioning.
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FORD: I'd like you to comment, if you could, on just
what reconditioning is doing. 1Is it really improving the
epnergy storage content of the cells to 1 volt, or is it
Jjust a redistribution of the energy relative to the volts?

IRV SCHULMAN: My answer would only be a function of
my vivid imagination.

My own opinion is that it improves the effectiveness
of recharge. In other words, this thing may-- You know,
when you run a cycling program like this there's nothing
that say: your recharge is optimum to start with: there's
no way of telling. Therefore you may effectively do the
same thing by increasing the amount of recharge that you're
putting into the cells which aren't being reconditioned.

1 think reconditioning just improves their effective-
ness.,

HENDFE: 1 think you have to be very careful when
you're discussing the effects of reconditioning. As some
of you may know, we have a test program in which we've
been doing real time testing on the same cells we have up
in orbit. And 10w we have just been through our sixth sea-
s~n, and we have discharged these cells down to a low level
And, exactly as you say, we got a great improvement in the
end of discharge voltage. 1It's like where they're running
Jjust over 1.15 volts at the end of the normal eclipse,
they rise up, after the number of cycles, as high as, say,
1.2 volts.

But, in fact, one interesting thim we found is that
if you discharge the cells down to 1 volt, which we con-
sider about the lowest acceptable voltage without the
danger of going into raversal on some cells, we have no re-
versal protection. In fact, if you do a second discharge
tn that same voltage the capacity to that voltage does not
cnange at all; if anything, there's a slight drop.

So although, provided you have adequate capacity in
the cells, you can certainly improve your end of discharge
voltage. It does nothing for you in the end of life in
increasing the effective capacity of the cells.
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IRV SCHULMAN: I think these results-- I have to go
along with the results I have shown, And it certainly seems
sufficiently to raise the end of discharge voltage to give
me & better feeling about the reliability of the system as
a whole.

HENDEE: ]It certainly increases your end of discharge
voltage when you have adequate capacity reserve.

IRV SCHULMAN: The end of discharge, going through
cycles 6 to 10, is 75 percent of nominal capacity. And
that's pretty deep depth of discharge.

NAPOLI: Does your spacecraft have the capability of
monitoring the cell, the actual cell voltages during the
discharge?

IRV SCHULMAN: I don't know. I would think not.

NAPOLI: If you're looking at the terminal voltage
how do you know if one 0f these cells reaches-~

IRV SCHULMAN: This is the way this particular test
was run. There are other schemes of running reconditioning.

NAPOLI: 1I'm talking about in orbit, now.

IRV SCHULMAN: Well, in orbit there are other methods.
One method is to put a high enough-- Of course you have
more time to put a high enough resistor in series with the
batteries, so that if there is a reversal it is reversal at
a very low rate.

Now we also have reason to believe that there is a
recombination if you get the rate low enough. The hydro-
gen can recombine if the rate is low enough.

There is other work being done which I am not prepared
to report on in this session. But we have a program going
on investigating that phenomenon at TRW.

WEBSTER: Thank you, Irv,
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IV.7 RESULTS OF 24 EOUR SYNCHRONOUS ORBIT TEST: FOPD/CSFC

Our next speaker will be Floyd Ford of Goddard Space
Flight “enter, and he will be presenting some data on 24~
hour tests, I assume at Crane. 1Is that correct?

FORD : Yes.

For the benefit of those synchroacus orbit buffs, I
would like to share with you some data that we have generat-
ed on a 24-hour orbit test. And the reason I found this
interesting is simply because, unlike synchronous orbit,
we 're experiencing 60 percent depth of discharge on a daily
basis. And, in a nutshell, we have seen cells go for three
years, which is over 1100 cycles, in synchronous orbit on a
daily eclipse.

1'm just going to hit the highlights, because this
test data is available from Crane by request through the
appropriate channels at Crane. S0 I will just share with
you a few moments of some of the summary, that we have seen.

(slide ¢3.)

Incidentally, these are 6-ampere hour cells. They are
pre-1970 vintage. And in case you don’'t know what that
means, it means they're not built like they are today.

They are made by General Electric. They're some of
the first cells that we got from G.E., with the nickel
braze seal that we're very pleased with.

One group of these cells was put on a 24-hour charge,
and it's basically a C/25 constant current with no voltage
limit, and a C/2 discharge for one hour, for 60 percent.

There were four packs, and I won't even discuss the
fact of 40 degrees C. for obviocus reasons. ]It failed after
Just a little over a year of testing.

What I would like to do is bring to your attention

some 0of the results that we've seen, particularly after
about two and a half years.



“~,

You might note the end of discharge voltage, A-1.
This is what we call ou- pre-life test discharge which is
usually run at the rate that we recycle at as compared
with one year, one and a half, two, two and a half.

Within 60 days of the test these voltages were down
to the value indicated in one year. So, in a nutshell,
what we can say is about 85 to 90 percent of the end of
discharge voltage degradation in this cycle regime occurred
in less than three months. And after that time we see a
fairly-- You see, the numbers bounce around. I can't ex-
plain why they do, other than the fact that we select
discrete cycles to look at and there is no attempt to
average the end of discharge voltage over over the incre-
ment of cycles at that given time in the life of it.

I point out another fact which I want to make signi-
ficant -- of significance that I will indicate later is
the fact that pack 75-E was initially started at minus 20
degrees C. and we found out for this type of regime that
the cells were almost impossible to operate there, both
from a charage and discharge viewpoint. It was very diffi-
cult to get them charaed without getting oxcessivelv Wi o
veltage ard we could not sustain a full ¢0-minuvte Gig-
charae, PBut they were at minus 29 for auvout two to three
months in the early life of the cells, the significance ..f
which will come out in a few minutes.

THOMPSON:: Why were they better at zero deqgrees
than ten deqrees?

FORD: Why ware they better at zero than ten?
‘THOMPSON : Yes, why?

FORD: Because inherently batteries seem to operate
longer at zero degrees C.

THOMPSON : How about that.

(Slide 69.)
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FORD: What I've used here is what I consider the
worst degradation which was at 20 deqgrees C. to show you,
cne, what the precycling discharqge looks like on day one
versus what it looks like in one year, which is this
curve here (indicating), also followed by what it looks
like in two and a half years, and the end of discharge
criterion in this case is one volt per cell, of which you
can see the amount of capacity degradation between the
day one and two and a half ye.rs has dropped just slightly
Felow rated value which is six ampere-hours.

What is also indicated here is a conuition which
we ran the test for with a specific application in mind,
one of where you are using the value to supply full
spacecraft load and then switch down to an essential or
survival mode where the power may drop by a factor of
ten, and that's what we attempted to reoresent.

That six is not six amps; that's .6. The decimal
Place got dropped a little bit, so that's 3.6 amps, two
hundred voltage at one volt, and then dropping cdown to
.6 of an amp, to show that the total capacity--

fleeving thls in mind, let me nmove to the next one.

isiide 70.)

This shows the performance of all three packr,
using that type of test condition.

The interesting thing is that the total capacity or
at least rated capacity is still in the cell, particularly
as noted in .6 degrees C., that the seven and a half
ampere-hours is practically that that we got at day one
capacity but it is not available at the 3.6 amp rate.

I think this suggests a very high degree of polari-
zation effect with cycle life, meaning that if you really
need the capacity or if you have to have the capacity,
it may not be available at the nominal rate but it cer-
tainly will be available at a much lower rate, in this
case by reducing by a factor of ten.

(Slide 71.)
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Now I would like to go one step further and show
you, after three years, the data I showed you for two

and a half years, after three years what analysis re-
vealed about the cell.,

It is interesting to note, like synchronous orbit
cells that we have subjected to teardowns, there were no
appreciable evidence of the cadmium migration as exhibited

by the graying ©of the separator. I will show you some
examples of the separator later.

What I would like to point out, though, is very
indicative of segments orbit testing, is the degradation.
If you look very closely along the edge of the plate you
will see where the active material has actually flaked
off, and we found quite a bit of this in the cell.

But this pack was also tested first at-- Let me see
if I happen to have the slide-- No, I don't have the
other one.

This is an indication of what happens at zero, but
the thing that is of interest is the fact that I mentioned
earlier that it was tested at minus 20 and then placed at
19 deqrees C., which showed significantly more deteriora-
tion than the pack did at zero degrees C. And we con-
cluded from this that the deterioration on the plus 10
degrees C. test pack really occurred at minus 20 and was
not attributed to the fact that it was at the plus 10
degrees C.

Now there will be some discussion tomorrow by a
gentleman who is here today, and I won't go into it,
where he is going to discuss what he considers some of the
things that are affecting positive plate deterioration
with the life, particularly in synchronous orbit.

(Slide 72.)

To show you a comparison, this is a cell from 20
degrees C. There was very little evidence of positive
plate deterioration. It sirply sugqgests that positive
plate deterioration as applicable to synchronous orbit
failure mode is much more prevalent as the temperature is
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decreased.

Now, you're veady to question immediately, hey, I
thought the the colder we operated batteries, the longer
they lasted. Well, I think that is generally true, but
the colder you operate batteries at synchronous orbit,
apparently the less you can overcharge them, and the
exact mechanism that is causing the plate deterioration
we're not sure of, and we're not going into that further;
I don't want to preempt the discussion that comes up to-
MOrrow.

But there is an indication that there are two or
three factors that affect the positive plate deteriora-
tion.

I would like to emphasize from my experience with
this test and other synchronous orbit teardowns that the
failure mode that you have to contend with in synchronous
orbit batteries is the plates themselves and not the
limitation as the separator experiences in low-earth-
orbit application.

(Slide 73.)

Speaking of separator, this shows you typical
material after three years., I believe that was the 20
degree C. pack-~ No, that's the zero degree C. pack.

(Slide 74.)

There is some evidence of migration in the 20 degree
C. pack; nothing that I would call significant after three
years of testing.

Thank you.

WEBSTER: Any questions?

CORBETT: Was that a C/20 charge rate on those?

FORD: Yes.

CORBETT: That's continuous all the time?
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FORD: Continuous except for one 23-hour charge,
one-hour discharge, and the charging is always C/20. And
I make it clear I'm not recommending that., I'm saying
that's the test condition that we're using.

CORBETT: We're making a test that is very similar.
I'm sure you know about it by now. And we set the re-
charge coefficient at what it had to be to maintain and
end-of-discharge voltage to some reasonable level, and I
think we ended up with a charge and discharge rate at
minue 20 temperature of something like 105 percent. And
this ends up being something like a C/35 rate, and we
still have those cells after about three years.

So I think it kind of agrees with what you say about
the overcharge problem.

FORD: Minus 20 testing, I find with the ni-cads
with the present design anyway, is a very difficult
environment in which to get long-term satisfactory per-
formance, particularly if you try to overcharge.

There is just one cardinal criterion vou have to
acceot at bhelow zero and even at zeoro, but vou juct den't
overcharuve the cell.

CORBETT: We use the potential control system where
we can go to the C/35 limit but the pack itself can limit
its own voltage to somewhere around 1.54 volts.

FORD: I can't remember the details but I know that
we tried at minus 20 under one of the Crane tests where
we set the C-to-D ratio up at 100 percent just to see how
long the cells would run, and I know it was in excess of
three months, which indicates a pretty high charge ac-
ceptance and charge efficiency at that rate.

And I think that is one of the explanations you have
of why you don't overcharge because practically every-
thing you pass through the cell at that temperature is
being stored in an active mode.

NAPOLI: Joe Napoli.
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Could you venture to quess or cxtrapolate from the
two and a half years of testing what that translates to
in actual synchronous orbit?

FORD: I knew somebody was qoing to ask that.

No, because I looked at this in light of the ex-
perience we have on synchronous orbit tests, and I've
even plotted the data points as the data points we've
plotted, and I'm sure you remember the curves you've
gotten from us, and will be shown tomorrow also. Dut
the answer, no.

I really would like to think we could extrapolate
this but today I don't have the means to do it.

NAPOLI: It's not really an accelerated test
compared to the program that the gentleman described
earlier on the accelerated test plan that he had run?

FORD: Accelerated relative to true synchronous,
equatorial svnchronous?

NAPOLI: Right.

'ORD: I could say in a sense it's accelerated and
yet I don't know what the exact relationship is to the
true synchronous profile because we're experiencing 365
discharges a day here, and in a synchronous orbit you
get 88 of which they are not constant.

I think I've said it before and I really feel that
the true synchronous orbit regime in some ways is one of
the better environments that we've subjected batteries
to, simply because as you go into that eclipse, each day
you go a little bit deeper into the capacity and you get
the effect of reconditioning to voltage for the subse-
quent discharge.

And I think from that viewpoint that the synchronous
orbit is a pretty mild application where it is not a
fixed depth of discharge every day. From my experience,
the fixed depth of discharge are the most difficult to
deal with in those situations where, on non-periodic
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occasions you have the need to go beyond that point.

That's where we always run into a problem, is not
maintaining end of discharge voltage, you know, for a
fixed depth, 1It's where we have the need to go beyond
that depth of discharge we find the bottom falls out, or
at least voltage-wise it falls out.

DUNLOP: Did you measure the thickness of those
points?

FORD: Yes, In fact, I believe the chemical analy-
sis that will be discussed tomorrow includes these cells,
and I believe it includes one of the virgin cells-- No,
it doesn't. We have a virgin cell, one that was not
cycled, that we haven't finished the analysis on, but we
plan to do it. so we are looking at that, but I don't have
that data here. Some of it will be discussed tomorrow.

WEBSTER: Thank you, Ford.
IVv.8 POWER MODULE DIFVELOPMENT: R. CORBETT/LOCKHFED

Our last speaker of this session will be Bob Corbett
of Lockheed, and he will be talking about power module
development using third electrode control.

CORBETT: What I really expected to talk on today

was some third electrode testing that we got under what
you might call accelerated test conditions, and this is

in conjunction with a development program we had about twc
years ago, starting about two years ago, to develop a
charge controller for a fairly old Lockheed power system,
one that has been around for a long time, and one that has
had some problems at high temperatures hecause of the
problem of setting ten compensated battery voltage limits,

If you set them too high you tend to go into over-
charge; if you set them too low you can't get the amp-hour
utilization out of the battery. So we got a third elec-
trode that was good for that application, and I've got
some data on those accelerated tests.
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However, 1 got kind of turned on this morning after
hearing Mr. Woodward, who I consider really had some kind
of refreshing comments to make, and I think we had some
good discussion on low~cost systems after this, ard it
occurred to me that a lot of what we've done in this par-
ticular development meets the requirements for a low-cost
program.

I don't know if there j - anybody still interested in
low cost. Now that all thr pattery engineers have left
the room I think it might be worth taking a look at.

Most of this was presented at the IECEC and I won't
dwell on it beccuse it is not all strictly battery stuff.
I would like to go through a bunch of slides rather quick-
ly, just to fully advise you on what we did, and maybe
after I've gone through them, to make some comments about
one low-cost battery and charge-control systems, and what
I think means low cost and also to discuss some of the
accelerated test data and how the third electrode is hold-
ing up.

(51lida 75.)

e first slide i3 just a picture of a power .wdule
uoside Jdown, --

-~ as it might very well be in space, in fact. Maybe the
JPL people would be interested in what the polarization
terms would be under those conditions.

This is a 2.6 ampere-hour battery in a power sub-
system. rhe base plate that that is mounted on is part
of the spacecraft, and that's the whole power subsystem
right there.

The battery charge controller is a card on the end
of the battery. There are two cards that take care of
the instrumentation and the other power subsystem control
and monitoring functions.

(Slide 76,)
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The next slide is I think a picture of the battery
itself.

The charge controller-- One interesting thing
about this as relates to cost, the charge controller is
tested with the battery as soon as the charge controller
itself is built in manufacturing so the battery qjoes
through its test with the charge controller, and it goes
through cycling tests where you essentially look for some
output out of the electronics that says indeed that charge
has been shut off.

So the only thing missing from this is the actual
power control switches which the charge controller drivee.

The board is actually two charge controllers. One
is based on a third electrode and the other is based on
a multiple level system very similar to the OAO or I
guess the Fleet SATCOM which you saw before.

You see the card on the left there.

¥e can o to the next slide right away if vou will,
nlease.

(5lide 77.)

That's the unit that the battery is mounted on,
and that's a separately tested unit. You have this little
power control setup that's tested and then the charge
controller is tested and then the battery is tested with
the charge controller on it and they all get mated at
the spacecraft level.

We can go to the next slide.
(slide 78.)

This kind of shows how it all happens. I think
what is important here is that you've got a test at every
stage so you haven't cut down on the amount of lesting
you do, I don't believe, but you've kind of hroken the
tests out into small enough segments that if you have a
problem, it is much easier to check out. You don't end
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up testing one giant module and trying to find out if
you have a battery problem at the spacecraft level;
neither do you wait until the battery is on the space-
craft before you find out whether it will work with the
electronics.

Next slide.
{Slide 79.)

This is the charge control board. If it looks kind
of symmetrical, it should because the charge controllers
are quite similar.

Basically it is op and hysteresis kind of stuff
where vou shut off at one voltage and you have a certain
amount of drop before you can reset the charge.

I think on the next slide we may have a functional
diagram of how it actually works.

(Slide 80.)

That's a -attory schematic and Lhere arce two third
clectrodes per battery, each of which is command=
selectable so you have your choice, and we have therno-
stats and the usual kinds of thinas.

The third electrode, as I mentioned, are two per
battery and they're switchable. You either switch one
or another into the third electrode charge controller.
The third electrode charge controller works on both the
battery voltage and third electrode input.

There are other charge controller backups that work
only on battery voltage.

Next slide, please.
(Slide 8l.)

This is some performance test data taken early in
the accelerated test period where we had a charge con-
troller on the test setup, and this is data at a couple
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of different rates.

I guess the only thing this really says is that the - ¢
third electrode is not as sensitive to rate as battery
voltage itself is, and it still gives you a fairly good
ramp regardless of what the rate is. These are all at 25
degrees C.

RN

I think in the next slide we show the variations
with temperature. You've seen this kind of a thing be-
fore.

(Slide 82.)

We are charging here to basically the same cutoff
level.

On of the things that was said this morning was
the -- or I guess Floyd actually mentioned it, and that
is the problem of how do you customize controller to the
batteries. And it's a cost problem when you have to re-
characterize the cells every time you get a new lot, and
it seems to me that's been vartiallv solved on proarams
lit.e ["leet 3ATCOM and 0AQ whore we have gone to multinle-
level controil.

and I think the only limitation on that is even when
you've got control over the voltage level you can still
miss them. You can still have voltage slopes which are
so slight, that have insufficient rise to them that they
cannot be effective controllers, and I think that is
where the third electrode is useful.

So in our particular system we have four commands
in the charge controller. And in the case of the pri-
mary charge controller we use the four commands to change L
the levels. The third electrode is switched off. 1In :
the backup we use the same things for the temp-compensated :
voltage level.

(Slide 83.)

These are systems test data that illustrate the
variations of both battery voltage and third electrode
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with temperature and it points out the third electrode
is virtually useless in a range of 10 degrees up to pro-
bably about 30 or 40.

And it indicates also that battery voltage at fairly
high temperatures is not a very good control signal be-
cause of the absence of slope.

Next slide, please.
(Slide 84.)

So the idea I was trying to tell in this slide, and
it really isn't told because it doesn't differentiate
between the amplitude of a signal and the slope that you
get from a control signal, but basically there is a kind
of a complementaiy between a third electrode and battery
voltage.

One has a fairly good rise at the high temperature
and the other is fairly reliable at the low temperature
as far as indicating the end of charge signal. So we
simply combined them in the primary charge controller on
this nmarticuler nower module.

Next slide, please.

(Slide 85.)

FORD: Why don't we take a coffee break and come
back and you can finish your talk?

(Recess.)
WEBSTER: All right, Bob, we'll continue.

Bob represents our last speaker in this session,
and then we will be moving on to Floyd's session, I
guess, next.

CORBETT: Well, as I was saying kefore I was so
tactfully interrupted, we have two charge controllers on
this battery. One has a third electrode; one doesn't.
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There's a story behind that that has to do with how
nervous people feel about the third electrode as a con-
trol device and whether you should rely upon it or not.

I think if you had it to do over you might just find they
were exactly the same.

(Slide 86.)

The point of this, this primary curve, the one that
has less slope, is the temperature-compensated voltage
level at which charge is controlled by the primary charge
controller. That's one signal level.

The other four levels off and on are the levels that
are used in the backup controller, and you'll notice two
things:

One is they are generally kind of lower than the
primary and they have a lot more slope. 2And the reason
for that is when you don't have a third electrode, you
have to do what is traditionally done and that is to kind
of overcompensate on the temperature to make sure that you
don't get into the problem of a runaway battery recausa of
a little extra heat injection from the spacecraft or come
similar problem.

So what this gave us -- and T don't have the control
diagrams here because I didn't think they were appropri-
ate for a battery discussion. But what this gives you is
a kind of a sharing, a kind of an oaring of the third
electrode and the temp-compensated voltage signal which is
dependent upon temperature and rate. At the relatively
high temperatures and the relatively low rates, the third
electrode takes over. At the relative high rates and low
temperatures the battery voltage takes over.

It is difficult to say exactly when or how the res-
pective sensors are responsible for control. We have
seen during systems test that in changing temperature or
in changing a regimen from one set of conditions to
another that the third electrode may be used during the
transient period. That is, there may be three or four
cycles when you're changing conditions where the third
electrode is really necessary.
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And then once you get down to a balanced cycle
again, then the battery voltage with the temperature com-
pensation is the one that is really responsible for your
control.

Now this has some advantages because it means that
you really don't have to design your battery voltage
levels for safety. You basically design them for amp-
hours.

In practice, we've found out in the systems test
that at rates around C/4 above 80 degrees, the third
electrode pretty much has control, and below that, the
battery voltage.

In the next slide we've got some additional data that

comes from the systems test.
(Slide 87.)

This is from the two battery systems so these are
battery voltages from a parallel battery system, two
batteries in parallel.

Vie've got three temperatures: 19, 77, and 110.
This, by the way, is the range we had for the design re-
quirements and you can understand why we wanted to go to
the third electrode.

These represent your third electrode signals. I
think there's a divisor of 13 involved there so it is

somewhere around a 270 millivolt signal, and that's our
lowest third electrode level.

So there isn't really much of a difference between
the third electrode voltage once you get up above room
temperature as a practical control signal,

On the next slide I think I have some more systems
test data that is in the same vein.

(Slide 88.)
You can see there that at the-- It is probably not
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apparent but at the higher temperatures you are actually
under the control of the third electrode. I think that is
kind of self-explanatory; I won't go into it any more.

I think I've got a couple of more slides, possibly.
If I don't, a couple of Vufoils.

Maybe I can have the next one?
(Slide 89.)

This is more of the same kind of systems test data.
What you've got there-- This is kind of interesting.
You've got three uifferent levels. As I mentioned, we
got four levels. In the primary it's third electrode and
the backup. 1It's battery voltage.

And this is the effect of level one. Let's see.
I guess this is inverted. This is actually level three.
This is level two and level one. And what you get is more
of an overcharge so as has been pointed out, the actual
aperation and use of this system is kind of like an over-
caarge control. It is a recharge control at the upper
end, and we haven't had the experience with this to know
exactly how you change levels, but I'm sure it's, you
know, based on a corbination of looking at the spacecraft
thermal data and the kind of end of charge or on-orbit
testing discharge performance cf the battery which would
enable you to select exactly what kind of levels you
wanted.

(Slide 90.)

This is more of the same kind of systems test data.
This happens to be at room temperature; the other one was
at 110. And you get the same kind of effect with the level
change there; a little bit more oversharge, a little bit
more of an end of -- higher end of charge voltage using
the higher third electrode signal.

So it is about a 25 percent higher signal and it

gives you about a five percent higher recharge coeffi-
cient.
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(slide 93.)

What I have here are some updates on this acceler-
ated test data. What we did, we did this with two dif-
ferent groups of cells. We just pu%t a little breadbourd
together which charged the cell to a predetermined or pre-
selected third electrode cutoff and discharge to one
volt.

And so the battery sets its own cycling regimen
based on its capacity. We did tnat with a development
test cell which I ¢éon't have any data on today, and that
ran about a year. I think it was something like 3400
cycles, with an average DOD of about 85 percent.

The third electrode characteristics did not change
throughout that entire test. The mode of failure was a
cacmium short right from positive to negative. We
opened up the cell and there was a little black spot
where it appears as i€ some cadmium hydroxide had accumu-
lated and later reduced, and we had a direct short which
could not be removed by overcharge.

(Slide 92.)

Wie did it with a subsequent pack, and this is one of
the production group of cells. These are G.E. 6's, and
this is a test at a relatively early point.

We're shutting off at 260 millivolts. We're getting
an end of charge voltage of about 1.44; fairly good charge
efficiency, something like, I guess, close to 90 percent:;
106 percent recharge. And we're getting 70.8 percent DOD
so it's about, I guess, 4.2 amp~hours out.

(Slide 93,)

Now the thing was going along fairly well for the
first, let's say, 2600, 2700 cycles. Then we began to
see a rise in end of discharge voltage which, of course,
ought to correspond to a lessening of third electrode
sensitivity.

(Slide 94.)
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Now we're getting 1.151 end of discharge voltage.
Again, the control cutoff is just preset; there is no
change there.

The capacity is up somewhat, indicating that we're
overcharging more so we are getting some advantage of the
overcharge in terms of improved capacity, but we don't
like the end of discharge voltage.

Let me just lay this on here for a comparison.
(Cverlay 95.)

The third electrode, in terms of its shape, has
been changed very much, and I really haven't thought
about this data. I don't know whether it is a third
electrode sensitivity change or wh2ther it is a kind of
an offset change in the pressure of the cell, whether
we're recombining better than we were Lbefore or some-
thing of that nature which is dropping our signal down.

But in any case, a decreasing third electrode
signal is giving us a higher end of charge voltage, a
higher amn-hour input which is civing you a higher amp-
hour output.

Let me show you what huppened on readjustment.
These are pretty much equilibrium data and we're not
playing with the thing.

A readjustment was made rigiht after the 2900 cycles
or right around 3,000 cycles and we got back to a 1.47
cutoff but we had to drop down to a 225 millivolt third
electrode cutoff.

Now comparing that with what we had before we made
the correction --

(Overlay 96.)

-~ you see that the battery voltage curves haven't changed
very much,

In fact, if I slide it over, the actual slope of
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the third electrode slope hasn't changed very much either
so it appears to be kind of an offset change in the sig-
nal, either because of the electrode itself or perhaps

because of an offset change or kind of a bias change in
the pressure.

So now to compare 3,000 cycles one year for a thing
which-- This is essentially a full discharge; it is not
a hundred percent DOD but it is all that the battery can
give at these kinds of rates for both charge and dis-
charge.

(Overlay 97.)

This is kind of a comparison of where we were new
and where we are after 3,000 cycles, and it says it really
hasn't changed all that much if you neglect this offset
change in sensitivity.

Now relating that to the charge controller, the
level in this case a 260 would be a level two control
for our particular controller. 220 would be a level one.

So this would mean that after one vear of acceler-
ated cycling, which perhaps is egquivalent to perhaps t.o
years or three years at 25 percent DOD, we ought to have
to flick the switch and drop it down one level on the
third electrode to maintain the same kind of recharge
coefficient.

This is continuing. The voltage is not degrading;
if anything, it is improving somewhat at the end of the
discharge.

I'm very interested to see how this is going to con-
tinue.

That's the end of my presentation.
WEBSTER: Thank you, Bob,

Any gquestions?

SCOTT: Scott, TRW.
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What style of third electrode was in the cells? 1In
other words, how is it positioned with respect to the
plate stack?

CORBETT: This is on the edge. 1It's normal to the
plates. It is right against the side of the plates.

WADHAM: 1I'm very interested in your comment that
you attributed the short circuit due to the cadmium
migration. I've been asking around quite a bit to find
out about this, and so far, you're the first person I've
come across who positively states that cadmium migration
would produce this.

A lot of people theorize this; you read it in text-
books and so on, that cadmium migration causes problems.
But when you get specific questions you can't get a posi-
tive answer and say "Yes, we have identified this as
cadmium migration."

How well did you analyze the short circuit to deter-
mine that it was really cadmium migration and wasn't some
other short circuit which vas causing the problem?

cornpe®: Ve did not analyze it very well at all.,
In fact, I probably only make the statement because I'm
out of the main stream. I don't tend to read very much
literature any more but I identified just based on the
fact that for one, cadmium to me is the only really mobile
material in the cell in terms of the fact that it can be
dissolved in KOH.

From what I know if it, it is white when it is dis-
charged -~ I mean charged, and it is black when it gets
reduced. And this was very black material. It looked
kind of like carbon black.

I don't know. Are there any experts who can say how
positive an identification that is?

WADHAM: I'd certainly be glad to hear
from any experts on that.

CORBETT: How about Guy?
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Guy Rampel is begging off on this one.

RAMPEL: I'm not that expert, but I would say if it
is black it also could have been nickel oxide, and the
best thing to do would be to analyze it. It might have
been nickel oxide.

CORBETT: Is that mobile within the cell? Do you
get migration of nickel oxide?

RAMPEL: Charged nickel oxide is quite mobile and
can travel.

CORBETT: I was kind of elated by the fact that the
cell failure occurred before the third electrode began
to fall apart; mainly because I built a power subsystem
around it I would not want to see the third electrode
degrading very much.
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v STORAGE EXPERIENCE AND MANUFACTURING IMPROVEMENTS:
FORD/GSFC

FORD: The rest o the afternoon will be spent on
storage experience and also manufacturing improvements
and without further comment I would like to introduce
Joel Lackner from the Defense Research Board of Canada.
He is going to talk about battery maintenance in
synchronous orbit.

V.1 BATTERY MAINTENANCE IN SYNCHRONOUS ORBIT: LACKNER/DRE

LACKNER: This paper will describe the results of
some experiments at DREO by Ron Haines and myself.

The experiments were designed to determine a good
method of maintaining ni-cad satellite cells in syn-
chronous orbit.

Now our previous experience being with four satel-
lites in near-earth orbit. One of the significant
cifferences between near-earth orbit and synchronous
orbit operation is that batteries in near-earth crbit
arc exercised or cycled more frequently and at limited
overcharge whereas in synchronous orbit, the battery is
usually called upon to provide power only during thc
eclipse cycle of 45 days occurring twice a year.
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In between eclipse seasons the satellite is in
continuous sunlight for 135 days, during which time
battery power is usually not required in any significant
amount. Consequently, the battery could be either dor-
mant or subjected to some form of prolonged overcharge.

The depth of discharge on synchronous satellites
tends to be greater, in the order of six percent DOD,
with 80 percent maximum.

Loss of battery can also be more disastrous than
for the near-earth orbit.

Some of the problems incurred with maintaining
ni-cad batteries in either the open circuit or continuous
trickle charge mode were discussed last year by COMSAT
and Hughes Aircraft. The significant differences between
those tests and ours are that our main charge was always
high rate, C/10.

The tests at REO covered nine eclipse seasons
sprcald over four an' a half years of real time testing.
The tests were done on the ground on a sirulated eclipsc
creler operatine at rooam temveiraturz2, €I to 75 Pahrenheic.

The objectives of the tests werc to study the
charge efficiency at high rate, C/10, and low rates of
charge, C/27 and C/40, and also the charge acceptance as
a function of the rate and amount of overcharge.

The aim was to evaluate the ability of varying
charging regimes to maintain the battery without the bene-
fit of reconditioning procedures in between eclipses.

No specific reconditioning procedure was put into the
program so as to simplify the battery management from an
operational point of view.

To be consistent with the desire for low-cost
satellite cells and to expedite delivery, the test cells
were of a standard commercial D cell size but having the
following special characteristics:

High rate charge capability; they could be charged
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at C/3 and continuously at C/10.

The had a high negative-to-positive plate ratio of
two-to-one; low carbonate level; and a polypropylene
separator.

Seven battery packs of five cells each were sub-
jected to seven different charge modes.

(Slide 98.)

The charge control was accomplished using cadmium,
cadmium hydroxide coulometers with a DRL design. The
coulometers were used on four of the battery packs: one,
two, four and five.

The coulometer signal indicated the end of the main
charge and initiated the overcharge mode as noted in the
Vugraph.

Now the main charge is defined here as the period
of time necessary to return a hundred percent of the amp-
hour capacity withdrawn in the previous discharge.

TF'ollowing the main charge the specific overcharge
mode was initiated.

Although these tests were run on the ground, DREO
and Communication Research Center have had several years'
experience on continuous high rate charging at C/10
with or without coulometer charge control on the Alouette
ISTS series with a reasonably good degree of success.

The coulometer was merely used for convenience
rather than as a specific test in itself. There are
various other types of charge control devices which could
have been used.

(slide 99.)

Battery packs one and six behaved as expected, show-
ing high rate charging is essential and that even on over-
charge a high rate is required with an adequate amount of
overcharge,
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Battery pack four proved that an adequate over-
charge at a high rate was needed, and that overcharge
currents of as low as C/100 could be noted using just
a coulometer control.

Battery pack three was too low a charge rate,
especially in main charge. That's where the charge rate
was C/27 continuous.

On battery number four it just went up to a hundred
percent put back in and then there was no overcharge.

It was just at a very trickle of about C/100.

Battery pack two is overcharged at C/40.

Battery pack five is C/27.

One is-- Battery pack five is C/27, continuous.

And battery pack one is C/27 on a pulse regine.

Number six is the interesting one because we've got
a continuous C/10 DC charge from day one until nine

nclings gveles.

Number two behaved well for five eclipse cycles
and then tapered off as we'd expected.

Number five stayed reasonably constant.

Number seven is an odd one to figure out, but
nossibly points out that some open circuit stand isn't
too good.

May I have the next Vugraph?

(Slide 100.)

This is the ninth eclipse cycle. We haven't in-
cluded three and four because they dropped out. And

number six is still up there, and five, one, and seven.

Number two is just barely holding in.
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Now we picked day 25 out of the 45-day eclipse

: cycle because we've gone past the peak and you're still
going with about a 71-minute discharge with a six percent
depth of discharge, C/2.

If we may have the next Vugraph it will summarize
some points.

(Slide 101.)

This is the voltage of the battery packs after 60
percent depth of discharge had been taken out on day 25.
And we have one, three, five, six, seven, and nine
eclipse seasons.

AR, A IR o b,

You will notice that battery packs three and four
didn't even meet the first eclipse season.

Just prior to the sixth eclipse season, we did a
reconditioning on battery packs two, three, and four to
see if we could bring them back. It didn't do any good
for number four, but it managed to improve three for
that one eclipse season, and just maintained nuber tuo.

You will notice nunmber seven has uvot a vaery odd
characteristic in that for the first three eclipse
seasons, it had a low voltage and then it hit a peak and
stayed relatively steady.

Number six just had a steady decline.
And number five was about the steadiest of them all.

Wh.ct happened to number seven I don't know. This
is the one that had a C/10 charge but it was a five-
minute charge on, 16 minutes off, giving you an average of
c/217.

Now in conclusion, it would appear that the high-
rate charging on the order of C/10 is more efficient
than C/27 or C/40, and a reasonable amount of overcharge
at a charge rate above the trickle charge is advisable to
maintain capacity.
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It should be noted that the cell design has to be
compatible with the charge maintenance routine or disas-
ter may occur. Cells with too low a negative-~to-positive
plate ratio wouldn't be able to tolerate high rate charging
for long periods, especially during overcharge, without
generating high pressures, high end-of-charge voltages.
Cells with nylon will undoubtedly suffer from effects of
oxidation on prolonged charging and there could also be
some thermal balance problems unless the heat generated
on overcharge could also be accommodated by the spacecraft.
MNow despite the above designr considerations, it would still
be possible to give the standard cells a high rate of charge
for the major portion of the main charge prior to the
overcharge region, and we should try to design our cells
and maintainr maintenance routines in which a way as to get
the bast out of the ni-cad system. The system can offer
a high rate charge acceptance and it is inherent and is
utilized every day in aircraft batteries and consumer
appliances, so why not in satellite batteries, the main
drawback being that there is a slight weight penalty cue
to lower watt-hour-to-pound value. Now these tests were
completed two weeks ago so we haven't got a chemical analy-
sis of the cells and we are wondering whether we should
terminate them. So if there are any questions on what is
the chemical analysis, we haven't yet done it.

FORD: Are there any questions?

GROSS: You specified in the cells you used that
they be designed for high overcharge capability, high
rate charge capability, so this connotes that the plate
would probablv be extremeslv thin,

Now if that's the case then you would expect that
such a cell would have lower charge efficiency than the
thick-plated cell. So therefore the fact that you
need a high charge rate with these cells to have the
efficiency you need may not be a valid conclusion for
the plated cells.

LACKNER: You can achieve a high negative~to-

positive ratio other ways as well.
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V.2 EFFECY OF LONG TERM ACTIVATED SHORTED STORAGE:
SCOTT/TRW

SCOTT: I'm going to talk about inactaive storage on
the ground rather than storage in orbit, as may be ob-
vious from the title.

In connection with certain defects type programs,
we have been feeling the pressure to stretch out certain
cell procurements, spacecraft builds, and spacecraft
storage over longer and longer periods of time, and it
seems that every year the same question comes up:

We have certain cells on storage; are the cells
still good? How much longer will they be good? And how
much longer can they be stored and still meet mission re-
quirements?

There has been a certain amount of data available
for our cells that are stored one or two years. I would
like to ncw present some results of work that is still on-
going that is applicable to cells that have been stored
for as long as four years, shorted.

(slide 102.)

The program in general is summarized here. The
range of cells that we are looking at extenas from six
months to four years. At the moment we are looking at
General Electric and Gulton cells. That data that I have
to show you today is all on General Electric cells. We
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will be getting similar data on Gulton cells.

Testi.ig involves certain tests performed on the
cells as cells, as whole cells, and then subsequent to
that, teardown of certain cells anu tnalysis and inspec-
tion of the cell internal parts.

Our general approach is to compare what we see after
X years of shorted storage with what we know about those
or similar cells when they were first put into storage.

Now granted our data bank on .ome of these cells,
especially those that are four years old, is very limited,
but we have done our best to surmize and synthesize data

that might be typical of cells when they were first put
in storage.

(Slide 103.)

The G.E. cells that were actually subjected to
test and analyses are summarized here. There are seven
cells, several different canacities, activation dates
ranaing from 69 to 72, the total life since activation
up to five veers, and the storage time one, two, and four
vears.

Now, rather than go through an exhaustive recita-
tion of the data, I would just like to quickly summarize
our general results and then show you some specific data

on one interesting aspect of storage that we have come up
with.

(Slide 102.)

Briefly put, we have seen essentially no significant
changes that we can attribute to shorted storage up to
four years with regard to leakage condit.ons around the term-
inals, or cell impedence following a few cycles to conditior
the cell, end of charge voltages or end of charge pressures
compared to what they were during initial acceptance test-
ing of those cells, maybe a slight increase in end of
charge voltage but nothing to get excited about.

Discharge capacities were within the same range, in
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general, that we observed when the cells were first put in
storage.

After, the cells that were subjected to certain
electrical tests were then torn down and inspection of
the inside of the cells indicated that the cells locked,
both visually and urder low-power microscopic examination,
to be about the same as they were -- as cells look today
when they are new and as far as we can remember as to what
they looked like up to four years ago.

A general analysis of certain selected physical and
chemical characteristics of the pla*es, including thick-
ness measurements, density, porosity, active material
content, were all within the same range as they were when
the cells were first started.

Now, wettability of the separator: We don't -eally
have good data on wettahility measurements for cel.s that
were new four years ago, but the wettability appeared to
be adequate.

The condition of the senarator was uuite roo0.l,
certainly not outside of the range that we see on brond-
new cclls as we see them from Lhe nanurfacturer.

We did a limitcd amiunt of electrochemical capacity
and charge acceptance measurements on the negative plates.
We were primarily concerned with the negatives bhccause
at least all of our capacity measurements indicated, from
an electrochemical standpoint, that there was no problen
with the positive electrodes in these cells.

The flooded hydrogen free charge acceptance of the
sample negative plates that we tested was quite adequate
and the discharge capacities were what we would expect to
see in new cells.

There was, however, one type of change which I think
is interesting, that we are somewhat concerned about,
although this change does not appear to affect the imme-
diate charge and discharge characteristics and other
directly measurazble characteristics of the cell.
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One thing we have not done and hope to do is to do
some extended cycling or life-testing of some of these
older cells to see whether there are any effects that
might develop from more extended cycling. We have not
done that type of testing so far.

The area that I would like to end up on is that of
electrolyte content and analysis of the separators and
the plates. For this study we did not use the approach
of extracting the entire plate stack and remcving all of
the electrolyte from the plate stack as a whole.

We separated the plates under nitrogen, individually
removed plates and separators, and conductec electrolyte
analysis on individual plates and individual separators
so we could get some idea of what the distribution of
electrolyte was in the cells from plate to plate and from
separator to separator.

Generally speaking, there was some variation within
any one cell, at least from one plate tc another, one
negative plate to another, or one positive plate to
another, but that variation was small.

(Slide 104 )

The results I would like to show you for four
plates. This is out of a typical cell.

One of those, 02405, is one of the five-year-old
cells that was stored for four years. I have expressed
the electrolyte analysis in terms of total alkalinity
which is the sum of hydroxide and carbonate equivalence,
expressed them in terms of a unit of area of the plate
material in the cell in order to sort of have a number
which is independent of the size of the cell.

Without any numbers to compare exactly, to compare
these numbers to, it is hard to judge but it is interest-
ing that a theoretical analysis of the electrolyte dis-
tribution in these cclls which assumes that the same
amount of electroly*e is absorbed by each of the negative
plates and each of the positive plates plus the two
separator layers associated with the positive plate, if
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you make that assumption, then you calculate, assuming
that the amount of electrolyte in these cells, that the
original volume was two and a half times the nominal cell
capacity and that 34 percent KOH was used, making all
those assumptions, you come out with the calculation that
that number that you see up there should be 20 millequiva-=
lents for negatives and 18 millequivalents for positives.

So at leist these numbers are the right order of
magnitude for the plates.

The relatively high level for percent of carbonate,
particularly in the negative plates, is of some concern
although of course the exact effect of carbonate is contro-
versial. I don't know what these numbers would be for a
new cell although we do have some data for recently-
obtained cells but the recently-obtained cells were put
through a decarbonating process by the manufacturer, and
these older cells were not, as far as I know, so that
I don't have any real good older data to compare to.

(Slide 105.)

Finally, the most interesting set of data I think
is for the analysis of the separators. These were
separators that were removed from the cell immediately
after disassembly, were immersed in distilled water
immediately and titrated separately for -- well, titrated
two steps, by a standard procedure for hydroxide and for
carbonate.

The cells are of decreasing age as they are listed
here. The two cells at the top were the oldest; cell
180 was next; and 025-06 was the newest cell.

Notice particularly, going from newer zells to
older cells, in general the level of total millequiva-
lents Per unit area of separator material ranges over
a factor of about three downward with age.

At the same time, the percentage of carbonate goes
upe.

Again, making the same type of assumptions
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regarding the initial distribution of electrolyte in the
cell, it appears that these numbers here (indicating) are
about what you would expect in a new cell, so that these
lower values here represent a distinct loss of electro-
lyte from the separator, at least a loss of alkalinity.

We did not do a direct determination of weight loss
or water content or other associated things which might
give us a more detailed idea of what is actually happen-
ing here, but this change with storage life was the only
significant shift in characteristics of the cell that we
could find during our analysis.

One, I guess, point I did not make -- I guess it
was not listed on that list of other characteristics --
was that in these cells we did measure the AC impedence
of the cells following the electrical part of this test
procedure and found it to be slightly higher than what
we would expect in a new cell, like 25 percent or 50
percent higher.

Now, maybe when you're talking about percentage
changes, it could be that 25 or 50 percent is quite sig-
nificant; certainlv if that reflects a drying state of
sanarator it is consistent with the change in alkalinity
content that is shown on this slide.

That concludes what I have to say on that.

DE BAYLO: What was your storage envi "~nment?

SCOTT: Up until about a year aqgo, it * s about 70
degrees, plus or minus a few degrees. Then for the last
vear it has been about 60 degrees, plus or minus five.

BOGNER: Two questions.

Did you say that you calculated the total
quantity of electrclyte in the cell?

SCOTT: No. We assumed an average value equal to

two and a half times the cell rated capacity in milli-
liters.
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BOGNER: With your analysis, though, you could not
calculate the quantity of electrolyte that you really
found in the cell?

SCOTT: Well, ves, we could have, by multiplying by
the total plate area and the total separator area;
assuming that it was uniform we could have calculated
back. I did not do that.

It would have indicated proportionately-- (lell,
you see, since the change was so much greater in the
separator than in the plates, you would have to make a
separate calculation and then add them up. I did not do
that.

BOGHER: Were the cells discharged or charged?
SCOTT: They were discharged.

WADHAM: Did you find any signs of cadmium migra-
tion in these cells?

SCCIT: o more than we seec in a rew cell, which is
some slichit. You see it sonetimes at the corners;
sonetives thare's a few pressure points that you zin se,
ut no different than in cells that have, say, corinletag
acceptance testing and might have gone through 10 or 20
cycles.

KRAUSE: I think I have a recollection that most
of the G.E. cells over the past four or five years have
been runni..g around 3 c.c.'s per rated ampere-hour. I
was just wondering if that might have some effect.

SCOTT: You've got to distinguish between what is
initially put in and what you get when you finally get
the cell. They are not the same.

DUNLOP: I gquess the point I'm most curious about,
I didn't get the time frame again. On the last slide you
showed you said the time frame was the older cells to the
newest. What was that time frame?

SCOTT: The one shorted longest had been shorted
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for four years. They were a total of about five years old.
They were made in '69.

DUNLOP: They were made in '69, so that was just a
time sequence that you showed there? Those cells were all
different times?

SCOTT: There were two cells that were five years
old, I think two cells, two or three. And there were two
or three that were three years old. And then there was one
or so that was one year old.

DUNLOP: Well, I guess I would like to make a couple
of comments here about what we've observed, and we're
going to have a discussion on it tomorrow. But the ini-
tial numbers appeared to be -- well, I would say seemed to
be quite r~nsonable.

We observed number of, typically, 11l percent of car-
bonate in the electrolyte initially. We have shorted
cells for two years, but we have observed some increase
but it is not anythinag like the numbers you're looking at.

If I read vou vight vou're lenking at nunkers live
28 percent, 37 percent carhonate.

SCOTT: Those are from the ones that have been
stored for four years. They were quite a bit lower-- Of
course the ones that were only two years old were about the
same numbers that you're talking about. They were in the
order of 15 percent.

DUNLOP: 1It's surprising. Do you have any explana-
zion for that seemingly very large increase in the car-
bonate percent?

SCOTT: Off-hand, if you're saying how that could
occur during shorted storage per se, I don't have an ex-
planation.

DUNLOP: Have you done any other analysis on your
cell to try to correlate whether it's possibly from--
It's surprising you would have that much carhonate in your
plates to begin with, I guess is what we're curious about,
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and we're wondering where the heck this is coming from.

FORD: I want to clear up a point here. The implica-
tion is that this carbonate level, particularly on the
older cell, is the result of storage and I don't know how
you distinguish whether it's the result of storage or
whether it was there to begin with because the higher num-
bers that I saw are not unlike some of the data we get
from -- some recent data that we got from Crane on cells
that were put into the test program out there in '69 and
'70. So I don't know how you draw a line and say that the
carbonate is increasing because of th2 storage, or where
it is just reflecting that the carbonate level was that
much higher back then than it is today.

I think the latter may be true. I don't think the
data has indicated that the storage period increases the
carbonate.

SCOTT: I think I said we have essentially no data
for carbonate levels in new cells as of four or five vears
ago.

DUNLOP: Well, the initial levels on cells we got
four or five vears ago was about-- The amount that yvou
measure bv extraction of electrolyte is about 11 or 12
percent. That's what you measure on day one.

The same cells measured today, when they've been
operated in a real time sense, measure about 18 percent.
These numbers here are just twice as much as anything we
have ever seen before, and I'm just curious as to whether--
Your comment was you don't think it has anything to do
with :he storage mode or something to that effect.

My comment is we have never seen numbers like this
on a lot of cells that we've looked at, whether we're
storing them shorted or whether we're running them on a
real time basis. We have never seen anything higher to
date than 18 percent carbonate, and that's after five or
six years of real time testing of cells that were built
in the same time frame at the same initial levels.

So what I guess I'm asking is I don't know whether
the numbers you've talking about are real or not. They
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seem like they are exceedingly high. I don't think you
can run a cell very well at that level.

I quess I don't know what I'm really asking.
i

SCOTT: I understand your point, Jim. You know, if
some of you have soiwe reservations as to whether or not
we might be inadvertently contaminating our samples by
exposure to air, I can only assure you that we stood on
our head to not contaninate them by our handling proce-
dures.

+n fact, one of the things we did was develop a
curve by which we could predict if we had to bring the
sample, the separator sample, out into the air. We ran
a series of tests @xposing separators wet with KOH to air
for different lengths of time and plotted a curve and
extrapolated them all back to zero time.

I think it is good data. I don't have an explana-
tion for it. T can sav, howcver, thnt we have had simi-
lay on nller cells, espeecially those that have had more
avele Lifo on then., e Jdon't consider 25 eruivalent ner-
vent ewceptionally high.,

DUNLOP: Let me make one more comment. If you have
levels like 35 percent carbonate, the next step is to try
to figure out whether that carbonate came from the plate
or vhether it came from degradation of the separator. 1If
it came from degradation of the separator there is an oxi-
dation mechanism and you can determine that effect by
simply looking at the state of charge. You should get a
chance in the state of charge of your negative electrode.

That's one way to try to determine whether or not it
is an oxidation mechanisi or a carbonate in the plates.

SCOTT: Assuming that there is no mechanism f¢
oxidizing the separator in a shorted cell, I don't k. w how
that difference could arisc. from shorted storage.

LACKNER: Lackner. Canadian Defense Research.
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I'ma little bit confused here. I was first under
the impression that you had one lct of cells that you kept
for five years and at periodic intervals you analyzed them,
say four months up to five years.

Now are you saying, in reply to Jim Dunlor, that it
is not all one lot of cells that you're testing?

SCOTT: That's right.
LACKNER: It could be a different manufacturer?
SCOTT: 1It's not one lot.

LACKNER: So how can you correlate things if they're
not one lot?

SCOTT: 1I'm not trying to correlate anything. I'm
trying to give you the data flat out. I don't know what
ti'e interpretation is at the moment, but all I'm saying is
by normal acceptance-type tests we can find no appreciable
problems of performance of cells that are five years old
that have heen atored shorted fer four rears.

Ang 50, 1voour nermal orocedure, we voeunld Trer lar o,
T won't know what is going to harven.

LACKNER: All I'm suggesting is if you had bought
them all in one lot and then tested them with time,
taking four months, one year, a year and a half, and five-
year storage, you would have had a more meaningful corre-
lation.

SCOTT: Yes. 1T would like to have that kind of ad-

vanced planning and visibility involved here, but it never
seems to happen.

MARGERUM: Margerus, from Hughes.
Did you say they were nylon separators?

SCOTT: They are all nylon separators, yes.
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MARGERUM: And although you tested the cells for

acceptance, had you run any long enough to know they do
last?

SCOTT: No, none of the eight cells have bheen
carried past just a repeat of acceptance testing which i
involves three or four cycles.

HARSCH: I'm not too familiar with the term that
you are using, or the units, "millequivalents,”" but I
notice when you showed the plates from the oldest cells
to the newest cells it appeared that there was not much
difference between. I believe they were all on the order
of 20 or whatever that number was.

And then on the other slide for the separator there
was a difference on the order of six to two.

I wonder if ycu would explain where the rest of the
electrolyte is.

SCOTT: I wish I knew, Bill. I would like to inves-
tigate that Lu% right now I don't know.

WRAUSE: Is the manufacturer in acvreerent, or have
you talked to him about the original electrolyte cquanti-
ty in these cells some way to determine that perhaps a
little better? If you assume that there was only 2.5
level of c.c.'s per amp-hour it would factor all those
numbers up slightly.

SCOTT: I agree. I have not tried to do that. I
think the change of a factor of three in the separator is
the thing that I would like to point to first, and I'm
sure that the level of electrolyte was not a factor of
three less four years ago than it is today.

KRAUSE: I was not questioning the level of the
separator. We see the same thing in our analyses, that
with time the separator dries out, but rather that those
percentage numbers of the equivalents of carbonate could
be explained in terms of what Jim Dunlop sees. He has
never seen anything higher than 18 percent. We don't
see numbers anywhere near that high either.
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If you assume there is less electrolyte then of
course the percentage of carbonate that you determine is
increased. That percentage number looks higher.

SCOTT: No, that's an equivalent percent based on
total alkalinity. What I mean is that's the equivalence
of carbonate divided by the total of OH plus carbonate.

KRAUSE: 1In weight percent.

SCOTT: No, in equivalent percent, the number of
equivalence. You see, the presumption is that if you
start out with pure KOH in a cell and you do not -~ let's
say you do not oxidize any separator, that all the car-
bonate has to come from metastasizing initially in-
soluble carbonates in the plates and for every equivalent
of carbonate you exchange an equivalent of OH, so your
total alkalinity remains the same.

Now we did check that point and indeed, at least
in some of the newer cells where we were more sure of the
amount of electrolyte initially there, we did confirm the
fact that it looked lilre the %*otal alkalinity was the same
As it was initially, and we 3ust exchanged sorie carbonate
for some NI,

BOGNER: I ju3t want to add one data point.

On a cell that had been cycled about 11,000 cycles,
about 54 percent-- not 11,000, 1,100 cycles at 54
percent DOD, a 20 ampere-hour cell, it came out with 46
percent concentration of carbcnate.

SCOTT: And no sign of a deteriorative separator in
that cell, as I recall.

BOGNER: There was heavy cadmium deposits on it.

MC DERMOTT: When vou found, going from the new to
the old cells, that you went from something like six
millequivalent down to two, were you making a direct
correlation between wetness and dryness with those num-
bers, or did you actually take some weight measurements?
Are you using millequivalents as sort of a measure of
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wetness and dryness?

SCOTT: Well, the terms wetness and dryness are, of
course, rather subjective unless you back them up with
some analysis.

As far as I know, there isn't much quantitative
analysis that goes along to say what is wet and what is
dry. This is some of the, you know, some of the -- a
few pieces of data along those lines that tends to define
what is wet and what is dry.

All I can tell you is that the separators in those
older cells appeared dryer. They did not appear bone dry
by any means, but they tended to stick a little bit more,
but not a lot more than the newer cells, and they just had
a dryer appearances if you are used to, you know, com-
paring one with the other.

But what's dry and what's wet from a subjective point

of view I'm sure I don't know in terms of electrolyte
content.

BT oorernTT™- I'm o just vondarine L€ it is relevant
SCoant ool raasuse heye the .VE~0.y1 ion is but also
whanre whe wuatar in so that vou're talking about concen-
tration, possible concentration gradients in the plates
and the separator with age.

SCOTT: I'm sure it would. That's a level of study
that is well beyond what we could undertake here.

FORD: Thank you, Will,

I think that during this past talk a couple of very
pertinent questions were raised, and we have some d:c.a we
will try to get together for tomorrow's session, which is
a computer printout that Crai.» made summarizing all the
analyses they've done on a large number of cells, includ-
ing three or four manufacturers. and I can't recall the
numbers but I recall-- I'm not even sure of the units
right now but we'll try to get the data for you tomorrow
because I know some of the numbers were in the high 20's
in the carbonate analysis, and I think it would be
interesting to correlate that with this because the higher
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numbers are definite for cells that have been on test for
longer periods.

That doesn't necesgarily say it was in the cell to
start with, or that it came from the cell during the
operation, but I think it would be of interest to compare
those numbers and we'll try to get them for tomorrow's
meeting.

Okay, I would like to move on. The first two dis-
cussions we've had were on storage. The next one is on
manufacturing and processing. It is by Dave Pickett of
the Air Force Aeropropulsion Lab, and the subject is
Electrochemical Impregnation of Nickel Plaque with Nickel
Hydroxide.
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V.3 ELECTROCHEMICAL IMPREGNATION OF NICKEL PLAQUE WITH
NICKEL HYDROXIDE: PICKLTT/AFAPL

PICKETT: 1In response to some of the questions that
were raised this morning, there arc some people who are
still interested in research on ni-cad batteries,

in fact, we have had an in-house program gcirg for
the past three or four years in which we have been looking
at possible ways to improve the cnery density of the ni-~
cad system and to ketter fabricate the plates or develop
new methods for fabricating plates.

At the initiation of this program we thought we
would first look at the electrochemica. methods that had
been proposed such as the Candler process and gencerally
speaking, our first entry into the progreait was just to
educate ourselves on how to make ri-cad batteries and
plates and, in generali, acquire an education,

We first looked at the elertrochemical methods, as I
stated, and we looked at ~- or we considered methods that
had been published in the literature by Mcllenry and

Coburn and at the present time that we were initiating
this study, we had a program going on at General Flectric
in which Dr. Kroger was in the procecs of developing the
electro~hemical method for impregnating positive plates.
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I don't plan to talk about the negative plate pro-~
cess at this time. I will just limit myself to the posi-
tive and concentrate on that.

I would like to say that we've been helped to a
great extent by Bell Telephone Laboratories in this work
and when Dick Beauchamp's paper came out in the extended
abstracts of the Electrochem Society in the fall of '70,
we were qu .te interested, and we went and talked with him
and he was of considerable help to us.

Cur first entry into this field of electrochemical
impregnation, we had bought a number of plastic tanks
to try the lo~ temperature processes that I just spoke of
but the Beauchamp process is a high temperature process
in whiclt boiling solutions are used and sodium nitrite
additive incorporated. And so we were at odds as to what
to do with the plastic tanks.

So we found out by adding ethanol to the solution
that ve covld lower the hoiling temperature and use the
plastic tan”- quite well. And as a result of this we
care uz wi*'rt another electrocirmical method of imgreg-
naciu, positive plates.

Con*rary to what some people may think, we did not
develop the ethanol process just so we could drink in the
lab.

But I would like to present to youv at this time some
crmparison of the data that we hava got with these various
methods, and I think the first “Jugraph shPows some of the
work that we did with impregnating nickel electrodes with
just plain nickel hydroxide and not using any additives
such as cobalt, et cetera.

(slide 196.)
This shows the loadings that we obtained. This is
just on a beaker level and these are three by three inch

vlagues coined about ten mils. on the edge, ten mils.
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deep and a hundred mils. wide.

I would like to point out here that we used nickel-
copper electrodes in this process. 1In the Beauchamp
process one normally uses an inert electrode such as
rlatinum or platinum-plated titanium. We tried this and
we got reasonable results with it but we thought we got a
little better results if we used a nickel-copper elec-
trode, so we proceeded with that.

You will notice here that we did get very good load-
ings with the process, on the order of 2.2. to 2.6 grams
per c.c. of void in the plaque, depending on which manu-
facturer's plaque we used. And the porosity did have some
bearing on that.

I have calculated current efficiencies for this
deposition but I will wait until I get to the end of the
presentation to discuss these, and maybe do a comparison
between them and the ethanol process.

(Slide 107.)

These plates were given some formation cycles to
s2e how thay performed, and we also included a plate from
a 34 amvere~hour vented ni-cad cell for comparison.

This (indicating) is cell five. Cell five is a con-
ventional plate out of an aircraft battery.

Now these are flooded, positive-limited cells. They
are three-plate cells, two plates being negative electrodes
¢ ! one plate being positive, and they were first charged
at 100 percent overcharge at the one-hour rate. And then
the subsequent charges and discharges were made at the one-
hour rate with 20 percent overcharge.

Ancd after about ten or so cycles you can see that
some of the electrodes that were electrochemically im-
pregnated are beginning to fall off a bit in capacity but
the other electrode keeps on going.

Well, there's a possible explanation for this on the

nert slide, but I would like to point out that in these
impregnations I used a reagent grade nickel nitrate and
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there is no cobalt or any impurities in this at all.

Okay, once we added the cobalt we got a little dif-
ferent results and I will just show one slide here to sum
up the over-all performance of what we got from these

formation cycles.

(Slide 108.)

The number of cycles that you see over here are

those at which the capacity peaked out and then started
to degrade.

The utilization of active material is not hear what
you get in a normal positive plate.

We tried ten percent cobalt in the active material;
in other words, the active material was ten percent cobalt-
hydroxide, and 90 percent nickel-hydroxide.

(Slide 109.)

2 ohtainad these

loacinys vith warious Hlacuez.
How vie nilave here Jdisolaved 15, 20, 30, and 40 il
Alaczes en’ we loadow hiose €9 a ressona’™ie Lewvel, the 17

il olavues.

We did another experiment and we tried to sece how
efficient the plates were at the various loadings, and

vou will notice loading times vary and the amount of
deposit varies.

I think the interesting thing here, though, is that
the capacity retention wich respect to overdischarge or
overcharge is much better with the cobalt added.

You see, here is the previous slide --

(Overlay 110.) o OTTAT, PACT Y”":

Ui POCR QUALILY
-- and then the one with the coblat in there.
You get. a much better capacity.

Now of course you see that this electrode is getting
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about 9-1/2 ampere-hours per cubic inch, and that seems
a bit unbelievable, and we don't always do that. But in
this particular case that's what we got.

(Slide 111.)

Here are some of the results with the 20- and 30-
mil plaques, just for some comparison.

(Slide 112.)

Here again is a 37 .il plaque and the curve on the
bottom is for the aircra .t cell again.

aAnd so forth.

Well, anyway, to sum it all up, this is what the re-
sults look like.

(Slide 113.)

The number of cycles we got on the plate before the
ca:acity began to fall off increased considerably, and
this depended upon which manufacturer's ploque we used to
sone extent,

I might say at this point that manufacturer A's
plaque was made from 255 Inco powder whereas the other was
the normal 287, I believe, that is used.

The nercent utilizations of active material are
quite phenomenal, and of course this can't be explained
on one electron change occurring in the discharge reaction.

We would also like to explain that during the cycling
of these plates that eventually you see the thing peaking
out up here.

(Slide 114.)
It goes on out but it doesa't fall off completely to
zero. The plate capacity does remain up there with the

increasing overcharge versus cycle life.

(slide 115.)
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Now for some comparison with the ethanol process:

These are pretty much the same. There isn't much
difference here. The loadings are quite good. Here I've
also included the amount of thickening that we get on the
plate as a result of the impregnation. This is usually

not more than a couple of mils but there are exceptions.
(Indicating.)

And if you can control your impregnation conditions
you can avoid this.

(Slide 116.)

Okay, the formation cycles again. The bottom curve
is from the aircraft cell again, and this is the same
cycling regime that I gave you for the other plates.

The performance of these plates was about the same
as we had with the aquaeous solution.

We also tried various additives in the plates such
as :ianganese and cobalt and cadmium, et cetera, to see if
we could improve the capacity of the plates any.

(Slide 117.)

These are some of the plates we tried. We had no
problem loading to about the same levels with this, The
thickness increase in the plaque wasn't that great. We
tried one solution in which we had increas¢d concentra-
tion of nickel and we got more thickening there in the
plaque. That's plagque number 13A-30, the last one.

(Slide 118.)

Anyway, the results of these showed that the addi-
tives did help to some extent to stabilize the capacity
and the lower curves going on down here are just almost
in the inverse order as I presented them to you. This
one (indicating) is the one with the manganese in it.
This one (indicating) is manganese and cobalt. This is
the one, the last one, with just cobalt. And then this

one here (indicating) has the cadmium and cobalt combina-
tion.

(Slide 119.)
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This kind of summarizes it up as to what we were
getting in the performance of these things. Although
there is no great improvement in what we were getting with
just cobalt, it didn't hurt it any.

(Slide 120.)

This shows the current efficiency for loading the
plaques from aquaeous solutions using the 15 mil plaque.

Mow I would like to say at this point that the effi-
ciency that you get for the loading, regardless or which
methods you use, depends upon the plaque porosity, the
amount of loading, and I vould imagine on the pH, so the
solution to some extent, although I have not investi-
gated this.

But the maximum efficiency we were getting with the
15 mil plaque is about 35 percent. This is measured as
ampere-hours of nickel-hydroxide which we put in over the
amper-hours of current that we used to deposite it,
times a hundred.

Or th> ordivate we have loading in terms of amaere-
e kS peos catio tunch Lheoreld cal,

On a 40-mil plaque, this is much more efficient.
We got as high as about 55 percent efficiency.

With the ethanol process on a 30-mil plagque we got
about 25 percent efficiency.

And with the aqueous solution, it was somewhere
around 35.

(Slide 121.)

This is charging efficiency of some cells we made
up with the plates from the agqueous solution and what I
have plotted here is charge efficiency, the charge in over
the charge out times a hundred over the state of charge
or percent of full charge of the cell. And I think the
curve speaks for itself. We got quite good charging
efficiency with these plates.

ORIGINAL PAGE Is
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These are plates with the ten percent cobalt hydru-
xide in active material.

I would like to say that our idea tnat the ten per-
cent-- It was not our idea to put the ten percent cobalt
in there. This has been looked at to some extent in the
past. Harvey Seider and co-workers at Gulton some years
back looked at the effects of cobalt and manganese and
Hans Kroger investigated the effect of cobalt in the
nickel-hydroxide electro program that General FElectric had
with us.

But I do think the data shows that, number one, if
I may make some conclusions based on this limited data
for just bigger level production, that you do get a good
plate with electrochemically impregnated plaque and under
some circumstances it could be superior to your conven-
tional impregnation process.

Number two, it's a much easier process. We can do
+he deposition in anywhere from one to two and a half
hours and it also protects the inteagrity of the sinter

in that ou Jden't m2of corresion of the ~Y-cove Jumin~ wlos
irwwrariation rocess o the citent that ven ‘o in o con-
vonoioanl vocaun Lovirerontion.

We have scaled the process un to kuilding 20 amrere-
hour vintage cells in-house, and these are currently bLeinq
tested on cycle life. !Je have a contracted program »ith
Ilia Tech in whrich they arce building the 15 ampere-houy
cells using this process.

And Bell Telephone has scaled their process u» and
ther are producing cells with it so it has proven to he --
both methods have proven to be very viable techniques for
impregnating nickel electrodes and they hoth work cuite
well.

We have also made some plates for various pcoplc on
Air Force contracts for use in nickel-hydrogen cclls, and
the results of those tests aren't in vet, all of then
aren't, so I won't comaent ~»y further on that, and I %111
conclude my presentation on chat note.

FORD: Are there auestions?

GE IS
ORIGINAL PA
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NAGLE: Why Aid you choosc ten percent?

PICKETT: BDecause of some work that lHans Kroger diqd
at General Electric, and this i3 in the final report that
he wrote.

NAGLE: Harvey's work showed 17.

PICKETT: Well, that's for a vacuum impregnated
process though. And Kroger's results are in conflict with
that, and I think we'll go along with those.

THORNFLL: During formation, was there any change in
plate dimension?

PICKETT: There was some. Of the values that I show
on some of these =--

(Slide.)

t'¢ tliclkness ¢gain that you see wr2 s the difference
Leoirnen the initial plague thickness and the final clec-
coce Lhickoess, Ll all tle calculatioas that T did
Lesad on ampere-hour ver cuhic inch ere based on this
final thickness.

It depends on what type of plagque you use how much
thickening you get during the formation, but you do get
some and it is not as much as you get with a c¢.m =n=
tionally impregnated plate.

FORD: Any other questirr.?

(No response.)

(Whereupon, at 5:00 p.m., the meeting was .- uined
to reconvene at 9:00 a.m. the following day.)
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SECOND DAY RROC
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HALPERT: Good morning. I want to welcome you all
back to the second seesion of the 1974 Battery Workshop.

We will continue with the session of storage experience
and manufacturing improvements with Flovd Ford as chairman.

FORD: Thank you, Gerry.
V.4 PLATE LOADINGS FPOR THE ‘"'E CELL: FORD/GSFC

I saved this. I think it might have bcen a Vugraph
intended for today’s meetii.y; if someone would like to come
up and claim it., 1It's interesting what you find on table-
cloths after technical people “et together.

Several people asked me yesterday, "I thought we were
geing to talk about plate loadings " weli the answer 1s
we're going to talk about plate loadings. But my emphasis
this morning, contrary to what it has been for the last
three or four years in the workshop, I'm not going to be
criticizing the battery manufacturers; I'm going to be
pointing my fingers at the users. And I challenge yonu to
take heed of what I'm trying to tell you,

There has been an evolution process on nickel-cad
cells that has gotten to what I consider a very disturbing
situation, The evolution process is simply that this ques-
tion about nameplate versus actual capacity.

We'‘ve all seen 20-ampere hour cells and other sizes,
but using 20-amp as an example, go from 24, 25, 28, as high
as 29 ampere hours. And there is some time correlation
with this happening, or with this event.

Now we're going to be talking about improwving energy
density this afternoon, and I contend there are ways -- and
things are going to be discussed tcday -- to improve the
enercy density of Ni-cad. But I also coatend you don't in-
prove energy density of Ni-cad by stuffing more of the same
stuff into the same size package. And that's what 1'd like
to talk about this morning.

149
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I talked about, yesterday, some te.*: experience we've
..ad in the 24-hour orbit. Well, that test, even though it
wal on 6-ampere hour cells, has a very relevant aspect :o
one of Goddard's missions.

We have coming up a launch in 1976 of one satellite
called the International Ultraviolet Explorer. It will be
placed in synchronous altitude but it will not be over the
equator, it will be over the northern hemisphere. And, as
geuch, it will experience an average of a 60-minute eclipse
period every day. We have a three-year design life, a five-
year goal.

Now based on the data I presented yesterday, I think
the technology is ere to give us this.

I also think that we have certain pieces of infcrma-
tion, certain things that we can do to further enhance that
three-life and possibly achieve the five-year desig.i goal.
And this is related to the way the cell is built; more
specifi ally, to the amount of actual capacity that is put
into the cell.

And pursuing, trying to achieve the fiv:-year design
goal of this mission, we looked at the things we have
learned about c.. failures related to the synchronous type
orbit. And I will refer to this as a synchronous orbit be-
cause it's a unique synchronous orbit in many respects.

we have seen indicatiors, as I mentioned yesterday,
that the positive plates are rcally deteriorating, and they
deteriorate under conditions -- well, the deterioration is
somewhat of a function of the condition of how they're used.
And the speaker who follows me will talk about that to some
extent.

But i: looking at the information we had, we said
"What can we do to e:t.ance the life of the cell? What can
we do to try to achizve the design life of five years?"

Well, we figured that-~ and I don't think arione dis-

agrees with this philosophy: the more electrolyte you can
put in the cell the better it's going to last. And I think
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in the past couple of workshops we've seen where there has
been data to correlate dryness in a separator with cadmium

migration.

This particularly came out in our polypropylene work.
As most people are aware, polypropylene will not contain the
same amount of electrolyte as a nylon, and consequently
cells seem to run dryer.

(Slice 125.)

We started off with the design goal to achieve a re-
duction in positive vplate loading of 90 percent of nominally
specified. We also chose to go with the teflonation of
negative plates. And I've just told you who makes the cell,
because it's a General Electric l2-amphere hour cell name-
plate capacity. The reason for the teflonation, other than
the fact that we know from experience with the teflonation
process with the nylon separator we can get more electro-
lyte in a cell than those cells made without the teflona-
tion of the negative electrode.

As far as the teflonation, as related to cadmium migra-
tion that we see so pronounced in near earth orbit, 1 really
cannot say that the teflonation is going to help us in a
synchronous orbit other than the fact it did provide for ad-
ditional electrolyte capability that I don't think we would
have.

But as a result of the two top items we ended up with
cells Lhat were able to get approximately a 40 percent in-
crease in the amount of electrolyte that had nominally been
used in a l2-ampere hnour nameplate capacity.

Now I point out we did not change the loading on the
negatives. This was only directed at positives. lHowever
it's my conclusion that once you can reduce the loading on
the negative you can reuuce the loading on the positive.

I think we also have to look deeply at the negative,
because if there's one thing that's clear in my mind it's
that the utilization that you get, both initially and long
term, is going to be directly related to how the plate=: are
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loaded; not necessarily how as much as the amount of load-
ing that's put in,

So what I am prepared to show you this morning is more
or less a summary of the results that we have gotten both
from manufacturing tests ~- and I'll hit the highlights of
those because I don't want to go into all the details --
also the acceptance test or the initial evaluation tests
that the cells went through at Crane.

These cells, three types of them, are now on test at
Crane, life test in the 24-hour orbit regime. We also have
a pack in-house under test looking at a mission profile as
the IUE will provide the batteries during the eclipse.

And we've noticed a few interesting things.

(Slide 126.)

Let's start and look on a comparative basis. And I
use the 0S0-I simply bs:cause we have quite a bit of test
data and experience on 0SO-I cells. I believe Bill Webster
presented electrical test data on that yesterday. And
later on this morning you'll see some chemical analysis on
the 0SO-I cell. But I used it because it's a standard
l2-ampere hour using nominal parameters, as you would ex-
pect if you went in and bought a nameplate 12 from General
Electric.

What is interesting, and what I find significant in
comparing these -- and I used three points: what I call --
what the manufacturer refers to as ECT, sometimes called
formation, but this is the flooded plate test. This is on
platesprior to packing them into the cell. I chose a point
called mid-acceptance test simply as a comparison. Then I
chose the final acceptance test by the manufacturer. And
this is the last test just prior to shipment.

Now what's interesting is the trend you see on the con-
ventional loaded cells, starting off with as high as 16.5
ampere hours as the average, or the mean. And I show the
number of units here, because we're not comparing an equal
number of units, so the standard deviation may reflect
that. Bnut what's interesting is the delta decrease and the
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mean capacity of the group of cells from the start of the
first electrical test, which is a flooded, to the finished
final cell test.

Here you have approximately 1.5 ampere hours lost.
Here you have-- You start with about 14.8 to 15, in that
range, and you end up with about 1.5. There's approximately
a half an ampere hour lost in that process.

(Slide 127.)

The next Vugraph is taken out of the test report that
: should be issued shortly from Crane, showing the three sets
‘ of conditions: The 23°C. capacity C/10 for 24 hours, show-
ing what the cells were -~ and it's interesting to note we :
have cells now as high as 15 ampere hours; the average is -
running about 14.8 for the twenty cells, also the 0°C. '
capacity test, which is C/20 for sixty hours, Aand I did
not show this in comparison with IUE because I don't have a
one-to-one comparison on that. But the main reason for
showing you this particular slide and the performance indi-
cated is to point out the 35°C. capacity data.

B T R, AR R e N

! Now this is the second time in a group of cells that
ve have seen where a large increase in the electrolyte

5 shows a significant increase in the performance of the cell
at elevated temperature.

: I think if you look back through the proceedings of

v last year's workshop, or the previous year, I mention a

{ program where we had undertaken on a Gulton 20~ampere hour
; cell to evaluate increasing the electrolyte gquantity in
cells. And the numbers were like we used, standard nominal
specified as a control. We had a 20 perxcent increase and a
40 peccent increase. And unaer similar test conditions at
: Crane we noticed that at the 35°C. capacity test, the cells
’ with the more electrolyte showed increasingly better per-
- formance, particularly those with 40 percent, almost the :
i same as these, having equal capacity under 35°C. as they did :
g at 20°cC,

Now I still have a nameplate rating. We have reduced
the positive loading to 90 percent of the specified value.
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SPECIAL CELL DESIGN PARAMETERS
IUE PROTOTYPE CELLS
(GE 12 Ah)

v POSITIVE PLATE LOADING 80% OF NOMINAL SPECIFIED
© TEFLONATION OF NEGATIVE PLATES

¢ KOH AMOUNT INCREASED APPROXIMATELY 40% OVER
NOMINAL VALUE SPECIFIED

FIGURE 125

EFFECTS OF POSITIVE PLATE LOADING ON
CELL AMPERE-HOUR PERFORMANCE

(12 AMPERE-HOUR RATED)
STANDARD LOADING | 10 PERCENT REDUCTION
MANUFACTURER'S {05041) IN LOADING (IUE)
e MEAN | STO L umirs| MEAN | STO 1L
Efgtfxé‘:;)w 652 | 367 | 74 | 1es | 216 | 30
"‘T'gg;%‘f::a':ef 1550 | 4.64 78 1995 | 133 | 29
F'“.‘ré'g.l.“g:f:gﬁ"{,“ 1505 | 451 78 us2 | 24 21
FIGURE 126

IUE PROTOTYPE CELLS
AMPERE-HOUR CAPACITY SUMMARY
INITIAL EVALUATION TEST

NAD-CRANE
TEST CONDITION AMPERE-HOURS
MAXIMUM | AVERAGE | MINIMUM
2eecaeacmy [y |y | s
croroRsorRs | M4 | 12 | 10
35°C CAPACITY (26.7)] 154 15.0 14.6
FIGURE 127
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But I'm still getting 14 or 15 enpere hours out of the cell.
Now I have the cell on cycle right now, and I don't have
any life test data on it at this point to speak of. I will
have that, and hope to have it reported to you at the next
workshop.

The other set of conditions that's most interesting -~
and again I point this out -- is the voltage and pressure
characteristics.

Now to run a cell wetter than what our past experience
has indicated, there's no question in my mind that we've
got to rethink our present criteria for pressure require-
ments and just what good cells are. I've heard people say
"I have cells operating with low pressure. Gee, they look
good."”

I'm not convinced that low pressure cells are all that
good. They can be, if you know why they are running low.
But on the other hand I know the Goddard spec, it has a
50 psig maximum pressure. To get wetter cells we're going
to have to go to 70 to 85 psig.

The other thing you're not going to be able to do is
to take the present technology, meaning the wetter cells,
and operate them the old way with a lot of overcharge. I
think the evidence is mounting that you don't need the
overcharge. And where cells are running high on electro-
lyte or where you have put a significant amount of electro-
lyte above that which you experienced in the past, you've
got to rethink your philosophy abouthow you charge the
cells.

I was talking to a couple of people yesterday about
this. And one of the things that is coming more and more
to mind is that eventually we may be flying cells that are
very close to flooding. In order to do that you've got to
have a way to control overcharge. And we've got to be more
precise than what we are now doing. And I think pressure
transducers may be coming back into style; not on every
cell, but using selected cells and going with a pressure
transducer type control. And I say this simply because in
the experience we've had with these cells on test, with
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that 40 percent increase in electrolyte these cells are very
near flooded. And I'll give you an example of how we know
that; simply because a number of the cells have third
electrodes located down onz of the narrow faces. At 0O°C,
during the overcharge test at Goddard -- well, first at
Crane, we noticed some unusual performances on those cells,
indicating that we were getting saturation of the third
electrode from oxygen pressure, or we were getting flooding.

Well, we did an experiment here where we had the cells
fully charged at C/20 at zero, and after about forty hours
we just reached down and icid them over on their sides.

The results were phenomenal. uhe pressure,which nad stabi-
lized, took off again. It took about a period of about six
or eight hours before the pressure restabilized very close
to where it was initially.

When we first saw that, it was very difficult to ex-
plain. But when you think about what's happening to a near
flooded cell -- and I don't think it is flooded; I think if
you tried to pour electrolyte out you might get a few drops.
But I @tiink what really is happening is in a gravitational
field with this type of cell you're getting the effects of
the gravity pulling the electrolyte toward the bottom and
settling., As soon as you rotate it in the gravitational
field you wet the surface of the negative electrodes and
immediately affect the recombination rate.

1 think this is what contributed to the pressure
increase. The interesting thing is it increased for a
period of three or four hours and then it gradually came
back down and stabilized very close to what it was prior to
disturbing the equilibrium of the pack in the gravity field.

The other thing I find interesting about the cells is
the voltage characteristic, the overcharge voltage at zero.
This is not the peak, incidentally, this is the end of
charge for sixty hours. But the peak is still below 150.
And it kind of puts a question, in my mind at least, and in
validates some of my previous thinking, that if you have a
lot of electrolyte in the cells they're going to run higher
in overcharge voltage, particularly at low temperature.
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I can tell you this, that we are presently cycling
this five-cell pack from the group of cells that this data
represents at 0°C. at 140 -- I'm sorry; at 148 volts per
cell. Again, I would never have thought I could recharge
a cell at 0°C.for that condition, particularly when you're
charging at the lower rates using C/10 and C/20. But indi-
cations are we can go as low as 1.47 and still get an
adequate C-~to-D ratio in a 24-hour orbit period.

In summary, while I am not standing before you and say-
ing I have all the answers on loading, I'm saying we have
demonstrated that we can cut back to about 90 percent on the
positive. We have yet -- I have yet to see a sacrifice that
I've to take in cell capacity.

R AL L o wadand e,

The question I leave you with is, How much further
can I cut back and still maintain probably 2 or 3 percent :
above nameplate capacity? .

I think the long term effect of this will prove out
that the cells are going to operate better, they're going
to show less deterioration under the similar regime that
we have tested. And I think that part of the problem
associated with the positive electrode, which may be attri-
buted to electrolyte redistribution,will further be minimi-
zed with these wet cells.

Thank you.

Are there questions?

GROSS: Floyd, did you note any difference in polari-
zation on charge and discharge of these cells?

FORD: Under a specific regime, or just in general?

, GROSS: 1 presume you've been testing them; is that '
) right? ;

FORD: Yes.

' GROSS: How does the charge and discharge voltage
compare with the conventional 12's?
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FORD: The charge voltages are a littlebit lower. I
haven't looked at the details of the discharge voltage to
that degree. I've looked at the charge voltages on these
100 percent cycle tests, and also I've looked at the charge
voltages during cycling on a 24-hour orbit. And, as I
indicated, the fact that we're down ~-- that we're cycling
at the 1.48 level and still getting adequate C-to-D ratio,
why, I'm sure, based on the data, I think we could go to
1.47 volts per cell and still not be undercharging the
cell at 0O°C.

I don't know how much lower I can go. But we're going
to be exploring that.

So the answer to your question is, Yes, particularly
on charge I think they have a little lower charge voltage
than what we've experienced, comparing it with a so-called
"standard" cell made by the normal process.

KRAUSE: Floyd, we've been running some cells lately
that are not especially optimized for electrolyte level.
But they do have extremely low carbonates on purpose. We
have the manufacturer go through a process to reduce the
carbonates. And the voltage levels are very similar to what
you're getting. So I'm wondering how much you can attri-
butethis lower charge voltage to the additional electrolyte;
or perhaps you also have low carbonates in the cell.

FORD: Are you asking me did they go through a decarbon-
ation step in these cells?

KRAUSE: Yes.

FORD: I don't believe they did.

The answer has just been verified, that they did not.
There were no special manufacturing procedures implemented

to keep the carbonate level below nominal. --you know, what
you would expect in other cells.

KRAUSE: As 1 say, apparently just by getting very low
carbondates we can also reduce the charge voltages and pres-
sures.
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FORD: Yes. And Ithink if you look at the fact of the
significant increase in electrolyte amount, ti.at if you had
the same amount of carbonate you had in previous cells you
still would have more electrolyte available for the reaction.

KRAUSE: Yes, I agree.
FORD: Okay.
So the end effect may be about the same.

McHENRY: About six years ago I guess, we had the first
battery workshop. And when I was here it seemed they were
having trouble with their building pressure in their cells.
And what they were doing was using 20-ampere hours cells for
a 3-ampere hour job., And in order to get into the package
the weight and the size and all that sort of stuff, to get
20 ampere hours in it, you have to stuff as much as you can
into the electrode. You have to cut your negative-to-
positive ratio way down. And you make a cell which can't
be overcharged. It builds up pressure and the thing fails.

You only wanted three ampere hours. Why we couldn't
have made a l0-ampere hour cell in the same size-- just
don't load the plates so heavily. A heavily loaded nega-
tive will flood quicker. The pores are smaller. Then if
you have troubles with your nylon separator -- of course
you don't use that any more anyway, but it will degrade and
uses up some of your oxygen. This unbalances the state of
charge. You find that your positive now is -~ the negative
is used up on charge before the positive. If you had only
made a negative that was twice as big as the positive in
capacity you could make errors of having a little degrada-
tion, your separator losing 15 or 20 percent of the nega-
tive, and you'd still be all right.

But what we've tric? to do is stuff energy density
into the can, and at the expense of life. Well life is
what you need, not energy density.

If you're going to use a 20-ampere hour cell you

could have had a l0-ampere hour cell. You only wanted
three. You only use these things down to 15 or 20 percent
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of their capacity. Why not 60 percent of the capacity and
make something that works?

The basic philosophy of the battery company -- and
this is because of the market, which demands high energy
density-- We are not a market, we don't spend that much
money. The toy manufacturers and the electric shaver people
are the ones who make the money on it. You can't expect the
battery company to go into business to lose money just for
us. Their basic philosophy is to stuff as much in as they
can. And that's vhat they can sgell.

But we must say, "Look, we don't want it. What we
want is a long life cell. We are willing to take less
energy density. Just don’'t impregnate it fifteen times,"
or whatever it is. I guess eight times, or something. Six
or five times. We will now have a l2-ampere hour instead of
a 20, and it will last.

We just keep doing the same dumb thing, insisting on
that very high energy density. Tell them you don't want
it. "What I want is life.” And then see what he can do.

I know we could do an awful lot better with these
lower capacities than we can with high capacities. 1If you
just look at the electrode you can see little crystals, you
can see pores and everything else. And you look at the
scanning electron microscope pictures and there's a world of
difference .ctween them,

You must give up this energy density if you're going
to get reliability. You don't have to give up an awful lot
but you've got to give up some. You can't play on the
borderline.

That's it.

FORD: Thank you.

I mentioned earlier that I did not find fault with
the manufacturers. I would like to say the only fault I

find with them in this area is simply that they yielded to
the pressure of the user to do this.
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Vi MATERIALS AND CELL COMPOMENTS: CHAIRMAN G, HALPERT

HALPERT: We'll go into our nexc session now on
Materials and Cell Components. And I might mention that
we were very fortunate here at Goddard this past summer to
have had two faculty fellows from local universities work-

ing with us on two distinct problems, both of whom you will p
hear from this morning. Do

. The first you'll hear from right now, Dr. Pat McDermott
of Coppin State College in Baltimore. He was a Morgan
State College fellow here this summer,

VI.1 POSITIVE PLATES EVALUATION AFTER HIGH DOD AND LOW
TEMPERATURE: P, McDERMOTT/COPPIN STATE

: McDEPMOTT: Okay. We're looking at a series of syn-
1 chronous orbit tests conducted on 6-amp hour G.E. cells at
Crane. And it was demonstrated that the principal failure
¢ mechanism of the cell subjected to low temperature at high
‘ rates of discharge seemed to be the positive plates. The
] physical inspection of the failed plates showed a
deterioration of the sintered nickel, the active material.

(slide 128,)

There's a loosening, a crumbling of the active
material, an actual flaking and peeling away of the sub-
strate. And although all «f the test cells seemed to show
some form of deterioration, the most extreme cases seemed
to be the ones at 0°C., 60 and 80 percent depth of dis-
charge,

Most of the deterioration occurred around the edges,
and par‘icularly along the top edge near the tab, and alcng
the uncoined edges.

re—
A
R

i

(slide 129.)

We luoked at cells under different test regimes., I
. might show six of these cells.

. TR (A T | SRR ST e TR P SRR

160

A T, R R W

eiditpe. et e e

Eo s
e



T

T AT

PR

Packs 1 to 4 had a percent depth of discharge of 40
percent. The temperature ranged from 40 down to =20, Two
cells that we were particularly interested, at the bottom
of 5 and 6, were 0°C. and60 and 80 percent depth of dis-
charge. The charging rate was C/30 constant current except
for the low temperature there, a slightly higher charge
rate, and then switched down to C/30 by the coulometer.

(slide 130.)

The capacities of the cell~-- This is discharge time to
+5 volts, --gshowed that the Synch 1 and Synch 6 there at the
bottom -- Synch 1 is the 40°, 40 percent depth of discharge.
It shows very low capacity.

Synch 6 ~- now this is the pack where a cell actually
failed there at the eleventh eclipse season. This was the
0° 80 percent depth of discharge.

Synch 5- Well, Synch 4 was -20°, 40 percent depth of
discharge. This did not perform very well.

And Synch 5, 0°, 60 percent, did fairly well.

The two at the top, Synch 2 and Synch 3, were 40 per-
cent depth of discharge. Synch 2 was 25°, and Synch 3 was
0°.

So if we would generalize somewhat from these results
we'd see that -20° and 40 seemerd to perform poorly, and
that in looking at the cells at 0°, this is Synch 3 and
Synch 5 and Synch 6, they seemed to perform better at the
lower depths of discharge; that is, 40 percent performs the
best, and then 0 and then 80; which would stand to reason.

(Slide 131.)

Then we looked at some l2-ampere hoir cells. These
were also under synchronous orbit, a l40-day daylight
period with 42 days of eclipse, running from the lst to
the 18th day for 12 minutes discliarge up tc 72 minutes,
and a capacity check in the middle of the dark period.
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There was a plateau for about eight days where there
was a 72-minute discharge, and then a capacity check was
run in the middle of that.

The l2~-ampere hour cells were also under a synchronous
orbit regime. We found that the -- we looked at two cells :
where the fill tubes had broken. These cells were not
ready to be taken off yet. The two cells did fail mechani-
cally: there was no internal failure but just a mechanical .
breakage of the fill tube. So they were taken off. .

And we looked at these this surmer also.

This l2-ampere hour cell at 20°, 80 percent depth of
discharge, showed some deterioration of the positive plates,
not quite as bad as the 80 percent depth of the 6-ampere
hour cell.

(Slide 132.)

You can see there's quite a bit of crumbling and
deterioration here, whereas on the lZ-ampere-hour, 80 per-
cent, not so nuch.

(slide 133.)

We also looked at a 0°C. 60 percent depth of discharge
l12-amp cell. And the plates looked quite good relative to
other plates that we had seen.

So trying to assess what was going on here I tried to
look for some explanation of the differences between either
the charge/discharge regimes or the various parameters of
the cell. And it looked as if there was one primary dif-
ferencebetween the two tests, the 6-ampere hour and the
l2-ampere hour. And one was the charging rate. I mentioned
previously that the 6-ampere hour cells were charged at
C/30 constant current whereas the 12's were charged at a :
higher rate during the early stages of charging. But then ;
they were stepped down to C/60 trickle charge when they :
started reaching full charge. -

I also noted a difference between the 60 percent depth :

s e
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plate, which looked pretty good -- and this is in the

l2-ampere hour cell -- and the 80 percent, and found there

again that the charge rate for the 60 percent depth was much

lower than the 80 percent depth. So it seems that the charg-

ing mode, and particularly the overcharge, could be a factor .
in the deterioration of the positive plate. :

In looking through the literature to find if there
were some theoretical explanation for this I found refer-
ences to the fact that overcharge tends to shorten cell
life considerably, but not too much information on why this
was. So I'd like to hazard at least a couple of guesses as
to why this might be happening.

I offer this to stimulate rebuttal, so that I might be
able to find what the real mechanism is and finish this
report.

No. 1 on my list was the possible culprits would be
gassing. This would be related directly to the rate of
charge and the overcharge. And just examining sone of these
plates and looking at the blistering and the pinples that
occur along the coining, and so forth, it looks as if --
just physical inspection -- it looks as if the gas “« the
active material is actually distorting the substrate.
Theoretically the sintered nickel, the porosity should be
sufficient to allow the gas to escape. But it's poss.ble
that due to recrystalization of the active material, or for
some reason, that this gas might be trapped and that there
might be difficulty in getting the gas through the plate.

I was talking to Dr. Gross last night. He mentioned
that he had done some theoretical studies which indicate
that the problem would be accentuated particularly as the
gassing took off; that is, when you have a bend in the gas-
sing curve, that the highest stress would occur at that
point.

Other possible mechanisms which might be responsible

for the rupture of the cross linkages or the tearing of
the sinter away from the plate, might be the expansion and
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contraction of the active matirial as it undergoces charge
and discharge. Yow this would he ciacerhated Yr having
denth of discharqge where the active nmaterial would bhe golas
all the wav down to discharge, and also Ly low termueratare
in the sense that the high accertance -- n»robatl: tle “ich-
est acceptarce of charne for thnese ceils would ke around

0° Centigrade so vou would have this big swing of active
material from charge to discharyge at 1°.

Thermal exnansion and ceontracticn of the nickel nintoraed
active material could possibiy account Tor ic.

Vigration of electrolvic in anid cut of the positine
electrode which would cause swelling and neussllle deter oro-
tion or the corrcsion of the nicliel sinter itwsell., A1l of
these are just possible rcans. 1'h looking “er other tousi-
ble mechanismns to explain this.

In order to test soriec ¢f thoese hypothescs cut, e pal
two cells on test during the surmer. 7Tluese are six anpere-
lour 0.6, cells. They are both at 0° and 30 [.ercent deinth
of discharage.

e only Jdiffereace bhetween the twon 135 ‘he ahardin
nechaniss.. Cne 1s on constant current ¢har o ot 5728 ac
the othor is coustant current with a pressurs trin, so wien
the vressure rises five pounds wer square inch it will trip
down to C/60. So we'll be lcoking at these cells for a
couple of months and then lear the ceclls armart and loock at

the positive nlate deterioration.

1 also constructed another test cell which is now in
test. Ve haven't really analvzed the data vet, but it is
a cell constructed by attaching an external lead to ecverv
positive and negative plate, and we can continually monitor
the voltage across each nositive-negative plate system or
couple, and also measure impedence and so forth.

And the idea is to try to look at the innerdynamics of
the cell during charge and discharge, look at plate capa-
city insofar as this is possible, and then tear the cell
down at the end and see if the plate capacity of the cell
operating as -- as an operating cell looks any different
from the plate capacities of the plates outside because
generally we look at plate capacity after the cell is torn i
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down.

We've gotten some interesting results shown in some
plates falling off, the capacity fallinc off quite rapidly
during discharge. And it would be interesting to see what
hz' pens when we tear it apart.

In summary I would say the examination of the 12~ and
the 6-ampere-hour cells showed severe deterioration of the
positive plates, particularly those cycled at 80 percent
de; th, and I think there might be several ways of attacking
th: problem.

One would be to look at the charging mode and try to
linit overcharging as much as possible, maybe consider
lowering the depth of discharge in the operating system,
and lookinag also at other factors which Floyd mentioned and
which we'll be looking at; that is, plate loading, amount
of electrolvte, and the contamination, the carbonate con-
tamination.

So that's pretty much a summary of the work we did this
suruier.

HALPERT: Are there anv guestions for Pat?

sCoTT I3 it not true that the plate that you showed
us with the blistering was from only one of the cells on
that 89 percent depth of discharge 0° test at Crane?

MC DIIRMOTT: Yes.

SCOTT: 1Is it also not truce that there was only one or
two nlates in that cell that showed that condition?

MO ARMOTT:  Let's ser, 'le had photoaraphs of--
Floyd, how many nlates were actually in those?
"ORD:;  In the cells?

MC DETMOTT: e, in the photoqranhs, when thoev nhysi-~
cally torn the cells down at Crane and loored at the nlates?

PARD: I don't lnow how many nhwotographs we had within
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cach cell, but we had photongraphs of various cells,
nlates out of colls of each test croup.

MC DERMOTT: And they all showed some deterioration.
T™ORL: Yes, there was some deterioration.

SCOTT: Well, have not only two cells of the original
five cells on that 0° 30 percent depth of discharge test
been torn down to date? Nr is there nore--

FORD: That's the 12 anpere-hour cells. O0Of the 12
anpere-iour cells there have been only two cells pulled and
those cells failed for mechanical reasons, not what we
attribute to a normal failure riode.

Jow if your cuestion is whether that was indicative of
one or two plates out of a cell, the answer is I don't know.
I would have to go back and check. I don't think they would
isolate a »late and say this is typical.

fCcorT:  ell, my impression is that that occurrence
that was s3howa in that photograph is 2 random condition and
not ty/cical of plates operating under that mode and there-
fore, I (question whether tlhiat occurrence should bhe the
cause for zeroins in on that particular *ind of a condition.

MC DERMOTT: You're talking about the 6's?

5COTT: Right. That's where that particular blistered

plate came from, was it not?

MC DERMOTT: <The 12 which I tore apart. All the posi-
tive plates showed some deterioration, some more than
others, but that was the second slide of the plates that I
showed.

FORD: But not to the extent that you showed it with
the 6. The 6 were shown-- It was the worst case that was
photographed out of the group of 6's, but there were six
cells opened, one out of each test condition that he talked
about, and the deqgree of positive plate deterioration
varied from whichever cell or whichever test group the
cell came from.
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COHN: Cohn, NASA,

I think you're on the right track when you're saying
that there are probably a number of reasons as to why you
have observed what you have observed. I think it will be
very dangerous to conclude that the deeper the depth of
discharge, the wvorse the wear on the plates is, which is I
think what Willard Scott was trying to tell you, too.

Things are not simple; things are very complicated,
and as you change the structure and as you change the operat-
ing of your cells and of your bhatteries you will undoubtedly
find that thev behave differently.

There has been a lot said about that already. It is
not very simple.

Off the record.
(Disci3sion off the record.)

On the record.
MC DRIVINTT:  You're saving that depth of lischarece
reallv has little to do with plate deterioration.

COHN: ™Mat I'm saying is this: If vou will look in the
1963 NASA leacouarters Workshop on Batteries vou will
find one o° tihc wmen questioning the relationship hetween
life and depth of discharge. There was no answer then and
there is nou ansver now.

The ir.lications are that life does not suffer from
depth of discharze if the bhattervy or the cell is built
right and L{ it is used right.

For exai:nle, in charging, it has heen well established
that if yo . <harce at about the two ¢. to four c. rate up

to the point at which you get the first indicaticen of
nressure rvolution, vou get a nmuch more efficient charae
even thouci: it's a faster charge, which means vou den't have
the temperature problem. It's an endothermal *rocess so

you don't <et any rise in temperature, vou don't get anv
cassing.  “ad if vou manage to do vour charging proverlw,

if you cut down on vour plate loactiny, if wou increace orn
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on tche amount of electrolvte, i{ vou do a nurber of other
things right that we tallked akout already, it may turn out
that vou arc actually better off,. In fact, I'm convinced
that vou will be better off,

If you look at the record of Skylab where the problai
was insufficicent depth of discharqge rather than too deen
deptih of discharge uvecause of various recasors, you will un-
doubtedly finc that you're better off with a deeper Jis-
charge Ly properly ranaging the battoerv.

MC DEICICUWL:  that's what I was sudgesting by the
charging nechanism, that the gassing I felt was prolably tic
ovredominant feature of this deterioration,

FORD: A point just came to mind, and 1 would like Lo
tap somebody's mernory that was on the Power Scurces Syrmo-
sium this spring,

Didn't the gentleman from Uricht-Patterson give a
report or «vive a paper on the effects of current density
on the cell Jerradation, lookrina at the--

Tave, was this Cerry filler? Yes, ¢ave a vaser slowlng
that there was a direct relationship hetueen the current
wensity and wenth of discharge, that thev go hand-in-land,
and the effects of degradation on cell verformance.

PICKETT: Miller did give a paper, as vou suggest, witn
that information in it, and I don't know the details of it
s0 I can't comment anv further, but there was one given.

COHN: I don't doubt for a minute that he had such data,
and that the data were proper. What I would like to ask is
whose cells, low were they built, and how were they operated,
in detail; not only depth of discharge, not only rate of
discharge, but also amount of recharge, rate of rechargye,
amount of overcharge, the various controls on this for
temperaturc, pressure and so on.

There is no simple answer, and there is no simple datunm
that will give us a solution to our problems.

What I'm saying is I'm sure that when you do those
right you have to know all the circumstances, including what
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what the manufacturer did, and what the people in the lab
did, in order to appreciate what really happens.

MC DERMOTT: Could I comment briefly? I still think
you're saying that going from 60 to 80 does exacerbate
problems in other areas. In other words you're saying con-
trol the cell perfectly and you won't have any problems, but
if you do have variance in temperature and so forth, that
the lepth of discharge could exacerbate that problem.

IIANINES: I wish Dr. Cohn would change his mind about
off-the-record remarks. I do hope you're not suggesting
that we burp these things.

On other comment before I come to my auestion:

It sounds as though we're having a session back home
with Dr. McHenry's remarks about excess negative, increasina
the amount of excess negative, which was exactly what Floyd
Ford was doing when he cut back on his positive material.
Rut I want to ask vou a nuestion:

Ifave vou lone anv of this evaluation on the vented
ni-cad hat«erv, narticularlyv at low rate pretested Ais-
charge and then high recharqge characteristics? This is a
ficld where the aircraft industry is vitally interested,
and if vou're getting this sort of deqradation with the low
charge rates and what I would call very high load tempera-
tures, we're in real trouble in the aircraft industry.

MC DERMOTT: 1I've done no work on vented cells,

HAINES: T would like to know thether this is something
that is pecursar to the secaled cell in starved electrolyte
condition or whether it is something which is prevalent in
all varieties of ni-cad batteries.,

SCorT.  Toott, TRU.

In mv ~iporience, the poblen is worse in Jluned con-

'itions then it is in starved conditions so that ray be
some answer to the previous question.
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e sauv that kind of comparison in the studv ve made of
coining versus no coining last year, in which wve looked at
various ways of accelcrating this kKind of deterioration of
the pesitive plates and we saw the worst, the most rapid
deterioration under flooded conditions.

I would like to nake another corment or raise another
‘question.

I still believe that the specific form of blistering
that you're seecing in the cells, particularly the one that
vou showed the photograph of, is not generic to this parti-
cular operating mode. I believe that is more a function of
a particular problem possibly in plate manufacturin,. That
shiould not be considered as inherent in operating at deep
depth of discharge at low temperatures.

I say that for various reasons, onc of which is that we
have conducted tests in which we have operated the cells at
a constant 80 percent depth of discharge for every cycle,
one cycle a day, and we have run them up to 600 cycles in
this way. And under those conditions, with about C/10 charge
rate with some control of overcharge, we saw no blistering
wviatsoever of the plates. And these were G.E. plates made
by at least a similar wvrocess comnparecd to the ones that were
in those tests.

So we did sec a weakening of the positive plates. We
did see som¢ crumbling of the edges, but no blistering what-
soever. So I think that what you showed there was nrobably
in that cell at day one, because sometimes you can open new
cells and see blistered plates.

MC IIENRY: Too bad Dean Maurer is not here because e
has much more of this data in bhis head, but we had run
electrochemically impregnated cobalt-containing electrodes
with various amounts of cobalt in them. Ve ran them at
the 10 C rate, not C/19. They got something like 2,000 to
3,000 cycles at that rate, a hundred percent discharqge with
a hundred percent overcharge,

You discharge them down to half a volt and then you run
them a hundred percent overcharge, and then you discharge
them down. The whole cycle takes something like 1 2 to 15
minutes and they jnst go on and on and on, and they Jdon't
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blister.

And I've seen other electrodes blister but I think one
of the problems is some of the impregnation methods corrode
part of the sinter and make it weaker. And then if you
look at the photographs you'll see there aren't any pores
in them. I don't know how the gas would get out,

An electrochemically impregnated electrode looks essen-
tially like a covered-over piece of sinter. It looks like
the sinter cxcept it has crystals all over it. You can
actuallv see down into the pores, but some of the other
electrodes I've seen, vacuum-impregnated, the material is
not spread over the sinter. 1It's just vlastered into the
pores and it looks like what someone did, just plaster
something in there, and it is no wonder they fall anart.

And they do.

And I think it is much worse in flooded condition.
There is nothing to support them. I've had them at C/11
fall apart on me. I was cycling some just to characterico
the thing and they all fell apart.

S50 depending on how vou make the tl.invs, von can . on
all Finus of Lroubles, ‘nd T think ovsze™ar~sn ig “al = ¢
Dal nlectrode hut for o oo electrnde vou can umt rarrit

50 ahecadl.
THIERFELDER: Thierfelder, Cconeral lectric.

There were some cells on test for more than ten ears
out at Crane and I was vondering if nny of those had oo
opened up and looked ai, or if thev are rlannel o we.

'ORD: Yes. 1 bolicve taerce were sope clton cells,

THILRUELDER:  G., 12's.

FORD: ‘e did open one of the cells ari 7 have  weo -
araphs of it. I was not >reparel to Ddresent chorm 'l .

TRIDRFLLDLR:  They vere near-carth orhit vero s
synchronous orbit,
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"oirD: Yes, and the failure was atiributed to the
separator eaten up with cadniun. Yhen you pulled it apvart
the separator just stuck right onto the negative.

The nositive plates looked relatively good. There was
sone indication of deterioration, hut nothing lile we're
talking about here.

NAPOLI: Ford, in hwis earlier presentation, indicated
that vou can get 14 amnere-hours out of a ll~ampere-hour
cell, and we have also hcen talking about denths of dis-
charge. Are we all talking ahout a common basis for cal-
culating the depth of discharce, that is, rated or actual?
Are we all working the same goal here, or starting fron
the same sguare one?

FORD: ‘ilell, denth of discharge as we normally refer
to it is based on naneplate capacity. UNow the answer to the
aquestion is no, we don't all work from that base.

HAPOLI: The gentl-man who indicated like 0 percent
depth of discharqge, is he going on nameplate?

“C MTXOTT:  That's nameplate, ves.

HATOLI: So you could have had the 12 ampere-hour cells;:
you could have had indeed 14 ampere-hours, but you don't
usually use that actual for determining depth of discharge.
Is that true?

(Slide 131.)

FORD: That's the similar data that was shown on the
6, showing the performance of the 12 ampere-hour cells, and
I don't know that this is self-explanatory to everyone, hut
Pat explained what happened on the eclipse. But what we're
looking for is a line here right at 72 minutes. Will the
cells support that rate, or that depth of discharge at the
72-minute period?

The interesting thing when you talk about capacity--
When you tallk about basing depth of discharge on actual
capacity, I have one question for vou. What's the actual
capacity of this pack right here? (Indicating.) tmhat do
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I use as a baseline? After two years in orbit, do I say I
have a 19 ampere-hour cell, because that's what it is. Are
we going to change our groundrules as we fly the space-
craft? I don't think so.

The other question is what caus2s that phenomenon. 1If
we assume that our capacity is determined by the positive
plates, then the positive plates must be changing, growing,
doing something.

CROSS: The most significant thing to me in the compari-
son of those two charts is that the six ampere-hour cells
which were tested to the same regime as the 12's, the capa-
city fell with tine whereas with the 12's it stayed the same,
ignoring the high temperature and the low temperature tests.

I would think we would need an exnlanation for this.

FORD: There is no cuestion ahout it, the 12's are
nerforming much hetter than the sides. As far as an exnlana-
tion, the sixes are late '66, cearly '67 vintage cells. The
12's are '69 cells. Therc is two to three vears difference
in the manufacturin~ neriod.

‘"e data that have come out later, the 12's were test-
i.7 aut not to 12's vou're flving todav; at least if vou're
Tlving a 6,7, 12 the plate dinensions8 on these are en-
tircly Cifferent from the plate dimensions you're getting
today, so there arc many factors that you have to con-
sider.

But also the charygc reagiiics on the 12°'s-- As Pat
indicated, these 12's are charqged back in the ranne of C/10.
Initially soae of them are as 11igh as C/5 until ve get the
third electrode signal and taen ve trip to C/70 and wre've
found that C/69% was adecuate in all cases cucent ahove 21
Jdegrees €. And we considered that really not a trichle
charge but more a sustaining charge chan anvihing celse.

Jut we are not holding these cells on constant current
overcharge day in and cay cut wien thev are not going
throuyli the eclirse period. That's the only explanation 1
can offer.
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VI.2 PRELIMINARY REPORT ON CHIMICAL DFCRIDATION OF MYLON:
J.D. MARGEPU™ =« ".8, LIM/HUGHES

HALPERT:  Our next speal.er on the subject of !laterials
and Ccll Components will he J. David lMargerum from jlughes.

ARGEIRC: I want to thank HASA for inviting us to
sharc these very nrelinrinary results wvith you in an informal
fashion. The people in our Space Communications aroup 1t
Iluches are vesy interested in the problerm of havina long-
time satellites, ones that last for seven years or longer,
and they didn't tell it to us in those terms but I ~ess
cadee vho was saying it was naybe worth a million collars

Jr an extra year of battery sort of makes the point that
if ou can nake a hatter’ last longer, if that's the limit-
ing component, then it is certainly worth a lot of money
in a communications satellite.

They noticed that the research lahs were doing things
in liquid crystals and photonnlamers and things, but weren't
Goint anvthing in battery studies, and so they invited us
Lo et our feet wet in tais area, and after a few monthsn of
getting our feet wet, I discovered it is like stepping into
a bath of KOlH. But anyway, that's the present situation.

What we would like to do is look at a long-term study
of some of the fundamental limitations or possible limita-
tions in the lifetime of bhatteries and in looking at it
from what we could do, especially from the ‘thenical stand-
point first, we decided that we would like to begin studies
on the limitations of the nylon separator as one possible
arca of study, so that's the point at which we have bequn.

(51ide 134.)

This is somewhat in a position like the old jokester
who says "Don't stop me if you've heard this one before,"
hecause you people have been talking about this thing for
a long tire already, and you've had many advocates of the
problems with the nylon separators as beinqg possible life-
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time limitations. You've had discussions by Dunlop and
by Mauer and other people in your workshops and elsewhere,
pointing out these problems. But let me put this on here
to begin with.

The nylon, if it hydrolyzes-- This has been one pro- -
posed mechanism: that is, the nylon hydrolyzes first as
shown on the slide and then reacts electrochenically to
deqrade in the cell. That is, the hydrolysis zroduct )
recacts in the cell at the nickel electrode and is oxidized
either-- It reacts with oxygen at the nickel electrode or
it reacts with the nickel electrode and is oxidized by the
nickel electrode directly. Both of those have bheen sug-
gested.

And then this leads to the formation of carbonate and
other procducts, and then this is a possible limitation to
the lifetime of the batteries.

I would like to peint out, in reference to the talk
Scott gave yesterdav, that if such a hydrolysis cccurs,
you are coasuming the OH icn, and so if you start out

thh a given concentration of carhonate, and i€ ou roall
iave an aosrecieble hwvidrolvsis of the nrlon over o ion,
period of tine, that wou are increasiag the ratic of crvto-
nate o Nl ion even thou~h nothing 2lse is hapnening. ven
if there is no other »roduction of carbonate becausce rou

in fact are consuming Ol ion as the vrocess coecs alsing.
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I7 vou also have the electrochenical formation of
carhonate, vou are further reducing the concentraticn of
077 ion as well as increasina the carhonate formation. 5o
that's another area that vou might want to consider in
recdard to this mechanism.

ouv the reason this has becn suqaested as a mechanisn,
.3 I understand it froe:. what I've becen able to <lean out
of reading vour workshop ‘roccedings and so on, is thatv if
you <o an accelerated test on a hattery and take the con-
slete battery and heat it at various temperatures, you rill
find the thing degrades and that there is a -- quote --
"activation enerav" -- unquote -- for some reaction which
is really not known because it is rother complex and has
not been analvzed in Cetail in the hattery, and that
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activation cnergy has about 14, 15 kilocalories per nol
figure.

tYhat we would like to do is look at this sort of thing
from the chemical standpoint and decide what is this
mechanism, which is the rate producing step, both before
clectrochenical reaction and after clectrochemical reaction,
and what are the products, and vhat does the whole thing
lcok like from the chenical standcnoint?

‘low I must confess that at this point we have just lte-
gun on this, but I thought T would like to share with vou
where we are at this point.

e are looking at Pellon-25%5, a tririe-washed sample
as is used in the lughes 24 anmp-hour cells, and the questicn
cane up as to what is this? 2And we asked Tellon and they
said it's nvlon.

And we said 6, or GX?
And thev said that was nroprietarvy.

So amenj other taincs we're doina is lookins at an
investigation of vhat we're starting with. Uov e haven't
completely analyzea it but let e point out a few things.

It is nvlon 6 predoninantly. If you do a hydrolysis
at hiqgli temperatures and then analvze with a gas chromato-
graph the product, wou €ind nvlon & is the »rinarv monomer.
e foundl less than .2 percent nylon 6X if there was any
there at all.

e looked also at the :wonomer content of it by dis-
solving it in formic acid and looking at the gas chromate-~
aranh and we found less than .2 nercent of {rce monomer
that is Canrolac-10.

And we also heated it in water, hoiling water, and
after about seven hours therc was ahbout .4 »erceont weinmht
roduction. We did not identifyv what that product is vet,
but it is also an indication that there is not ruch frec
ronorier in the sannle to hegin with.
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We sent somc sannles out for atomic emission spec-
troscopy. UWe thought we miaht look for zinc or something
like that. Thc analysis really vasn't a big enough sample
apparently to detect zinc accurately, but they did show
about 3,000 parts per million of titanium. I'm not quite
sure what significance that has.

(S1ide 135.)

Gow there is an alternate nechanisn that I would like
to call to your attention. This is a mechanism that has
Yeon studied and reporited in the Journal of Polymer
Chenistry, studies on the haatine of nylon in the presence
ol oxyyen in vator.

*Mat this says is trat oxidation nay be the rate-
Aotermining step in this reacticn. Tirst wo aet oxidation
at the carhnn -- naxt to the anitrojen, and then that is
followed by hrdrolysis and 'cu get adipic acid as 'rell as
Qiinocavrolac aciil. And then of course this also then would
recact with Ol ion to use u» Q! ion. So this is an oxidat-
ing hrdrolvsis and it also uses a» 0O ion. And again, you
would have prouuccs that coulu react at the elactrode in
£y actual tatters.

wow what ve thouynt we would do initially is to try to
2valuate wihilch one of thesc nechanisns is going on. Ye
just startceda thiis, but let me tell vou the sort of thing
wa're Jdoiay.

Ve are starting to look outside of the battery, sort
of lile an idcealized situation, and get some idea if vou
can look at the actual chemical reactions first, without
looking at the electrode effects. So this is a setup
clagram here.

‘lo put the nylon in that excess of WO, a larqge em-
cesy of XOII, and control the gas by bubblinag either oxygen
or nitrogen through the sample and heatina at constant
temperature and then look at what happens to the nylon.

And then we intend to look at what happens to the praducts
that were forucd as we carry this reaction on. This is just
our initia’ kind of studies in this area.

(5lide 136.)
177



[X1713

9£1 3UNOI4

HiVE IHNLVHIJWIL LINVLISNOD

0 A _ SV 14
\ . . aaus
HOX %t — I \\* ‘ SSIINIVLS

a3ivid
'N

erece

mz_;_z§

*HISNIANOD HILYM

SINOLIVEOEVY NIGTIINY
Jveemns saverez 332200

i
.

NOILOV3Y NOTAN
404 Sv1d NOILOVIY

GET UNOI4

(Rl

ofnz + .000 - *(Zudi - 200 .
e _HOZ ¢ HC- . - YWY - 200H
EUN uer HOOD - Y1EH2) - 200M u

a0 :A,o.:fu_.u‘zyv

Q O H

[+ H
SISATOHAAH IAILVIIXO

e Zpue _.A -9-"2u21- 22 - N v

[

NOILYOVEO30 9 NOTAN 40

SaHonK _ SWSINVHI3W 379va0ud

YET 3HNOI4

zviir

0fH u +.009 - $Zud1 - Tun u

~Ea s 003 - StZHal - Zun v

ofuu « Yf-2-5Fu3i-N-
[ H

SISATOHOAH

eerct

NOILYAVHIIA 9 NOIAN 10

SAHDNH — SWSINVHIIW 319VB0Hd

177A



e S TSRO T

Ao

To give you some idea of what happens to the nylon,
if you heat this at 115 degrees Centigrade for various
lengths of time in such reactor -- and this had a small
amount of nitrogen bubbling through it -- what you find is
after a fer days it all falls apart, and there is no ques-
tion bhut what it is degrading. And if there is a frce
sample of nylon that is not contained in any way, why you

get nylon fibers all through the reaction vessel after
about two or three days.
{Slide 137.)

These are pictures of the nylon as it waz taken out

anu vashed and dried and looked at, and it has obviously
Jd:teriorated.

How one of the things that is going to happen as this

recaction continues is that the nylon will become soluble
partly as it deqgrades.

(Slide 138.)

Let me »noint out this, that as far as we know, the
attack of Ol ion on nylon is a random attack anywhere along
the chain and there is no more probability that it attaciss
one end than the other, as far as I lnow, of the polymer
chain, and there ic no unzipoing characteristic in the
nylon so it's a random attack.

Therefore, with a fairly long chain length as you have
in KOl and the reaction ovroceeds, what you expect to see
is a decrease in the molecular weight of the sample, and

this has been reported. It has been studied, at least by
nylon samples in batteries.

I thinkk a cournle of vears ago it was reported at a NASA
neceting that the molecular weight distribution of the nylon
did decrease to lower molecular weights as you go on.

So in the cell, in the conditions that we are study-
ing, we expect to see that as it reacts, the rate at which
it dissolves should increase because the chain links will
be getting smaller and they will be reaching the point
where you're more likely to knock off an end group or you
are nore apt to get a ligamer that is soluble.
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And so we expect to see an accelerated effect as the
reaction continues, which is the curve we have here.
(Indicating.)

1 do vant to say that we have just really hegun this
work, that this is not at all conclusive. The error har
here between these two runs happens to he fairly sub-
stantial and it is only out at these points that we can
really sec if there is a difference bhetween oxygen and
nitroqgen.

Prelininary results indicate that there is a difference
and that the sample is decomposing more rapidly in the
nresence of oxvaen, and we neecd to actually confirm that
yet.

Then ve have identified ardinocanrolac acid as one of
the nroducts in the electrolvte, the KOV sample, and we
will be looling in mich more detail with both gas and Yicuiil
chroratouranhy at the other recaction products that we fincd,
and we will also he analyzing the nvion for its change i:
molecular weiocht and for other phvsical properties.

lat Lo oscrt o7 o statuns rooort on o wLere e ar oo,

Y

Shan!t rou ver ruaci.

PALMER: In the eauipnent you show, vou can sec oxvgen
buhblint through a sort of a separate piece of cquinnert,
and then an ctiwsohere of oxvgen., Is there a gasecus oxy7ol
in contact «iil the sample, or 1s it sinplv a solubile nwrer
situation?

MARGERUI: In this case this is a large excess of
X0 and it is soluble oxygen that we're concerned with, not
Jaseous oOXUyel.

PALIIET.: "'v suggestion here would be that if there is
an oxvgen eflect in real life vou're likelv to aet a vri:m |-
of licquid electrolyte and gaseous oxygen in a washing Maich
and! forth situation, and that this is qoirg to he vastly

rnore destructive hecause the solubility of oxvgen in YNy o
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these temperatures is pretty low so you are not going to
get a great deal of oxygen in that type of a situation, I
would not think.

MARGERU!!: You're quite correct. We understand that.
e wanted to begin the study at some place where we more or
less knew what the concentration was. At 100 degrees it is
about 5 x 1079 molar. Aas you decrease -- in KOIi.

As you decrease the temperature, actually the oxycen
solubility increases and the degradation may not bhe
temperature-dependent in the normal activation energy nlot.
It may be you have to take into account the rate of hydroly-
sis constant times "' ion concentration, and also the rate
of hvdrolysis which would include the concentration of
oxygen.

So we intend to do that. "e would like to then £ollow
up with the sort of thing you're talking about, leoking at
it in the condition in which there is gaseous -- In a
wetted nvlon sample suc': as in a battery, we intend to follov
it up this wavy.

The dvantace in Coing it this way first is at least
we ~re not changing the O ion concentration as tie reactinrn
anes. Tf we get soric sort of a decomposition rate here,
we can understand from the chermical standneint what is

2

Mow one thing I didn't »oint out. I feel all of this
hes already been done before, but we can't find it in the
literature. And maybe hy telling people we're starting this
we'll smole out sore data and perhans neople will either
tell me what it is or else they wil. rerhaps puklicsh it if
they haven't already.

GASTO;: I recall a workshop meeting several ears ago
where Bob Steinhauer did report the decradation of nvlon in
tho presence of oxvgen. It was done by a study for the Mir
Force, and I believe it was for the 15 amp-hour cell.

And T think one of the conclusions was that the nylon
does hydrolyze at temperaturces as low as 100 degrecs T.
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which we could not confirm in our study. So that work was
done and it was done at Ilughes.

MARGERU': nRob was one of the guys who encouraged us to
do this, and he knows in dectail what we're doing. then wve
ask such questions as what is the rate-determining step,
what are the products and so forth, as far as I know that has
not been published.

GASTO.: ow I have another comaent. You mentioned
possibly the presence of zinc in the Pellon scparator. Yes,
there is, and we did find it several years ago, that it is
relatively high, and I think you see some good data, the
OAO bhattery data analysis program which was published. And
you will find -- I was amazed -- that it is relatively high,
vut of course that was done three or four years ago. It
might have changed.

UAINIES: I think what vou're doing is pretty good work
but I have a feeling you're flogging a dead horse. lle do
have a separator which is much mocre resistant than the
Pellon, nanely, polypropylene, and I think what we should be
oing is snending some time on the polvpropylene, to make
the fibers just a little bit more hydrocrilic.

JIARGERUINI: Yes. fle don't intend to limit our studies
to nylon. It just looked like a-- Since therc are many
satellites that have nylon and will be using nylon for a
while, this is something that we thought we should look at.

IIAINES: The ones that are up there now we can't o
anvthing about, but we can do something about the next
generation to go up.

MARGERUM: I would like to sece some data showing --
sone tests showing that the lifetime improvement of the
nylon separators after as many years as the nylons have
been up.

HAINES: Canada has scveral satellites in orbit at the
present time with polypropylenc. One of them was turned
off after *en years. They werec tired of getting data from
it.
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J. H. SCHULMAN: What is the Q-10 of the reaction, do
you know? Is it linear with temperature?

MARGERUM: I didn't understand what you meant.

J. H, SCHULMAN: The Q-10; in other words, the increase
in the reaction rate. 1In other words, if you go from your
three-day degradation to 115 degrees C. back down to 25
degrees C,, every drop of 10 degrees --

MARGERUM: We intend to plot that out as a function of
temperature. We've just begun this and I don't know what
that actual temperature ~--

J. H. SCHULMAN: For that type of material do you know
whather it would be a Q-10 of two or three for that type of
molecule?

MARGERUM: We could guess but I'm not going to.

HALPERT: We have two more papers on separators and
the answers may come up in those.
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VI.3 SEPARATOR EVALUATION: T. HENNIGAN/GSFC

The next speaker is from our own home base here,
Tom Hennigan, who is going to talk on separator evaluation,
some work that is being done.

HENNIGAN: We have been reporting for the last four
years on various separator tests. These have included
polypropylene, and we have been trying to determine from
a screening test which is run at the Bureau of Standards,
can we pick a good separator and a bad separator.

I think we showed a few years ago we can pick a very
bad one. We can pick good ones, but not the degree of
goodness we would like to tie to.

A couple of years ago we put it on a microfiber
polypropylene made by Hercules, and this looked like-- It
had characteristics similar to nylon as far as retaining
electrolyte during cycling and wetting and so forth,
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Unrnfortunately, licrcules vas not ifterested in this H
husiness at all, and took the machine apart, -- :
£

[N

-- aven the whole battery, because they were not interested
in 1t.

At that time the Grace Chemical Company was intereste?
in it Lecause they were in the separator aroa anchow, and
ve yot a serices of separators from tihesce onople, which are
also nicrofibrous, and we liave screencd those.  And ve hav
cotten some other polypropvlenes, and wve clso cot u nylon,

“ow the nylon is a very good scparator. We've een
using it for years and You can !"nock it but one thince T
would like to point out is we have sole source in senarators
and if anything ever happens to that one, evervbody is geing
to scramble in a hurry.

So I think if we yct a nylon or a olvpropvlene, I
thinl it is wortih the ~flort.

1 TP

3w

Clive 139.)

Je have sove celis huilt by Tagle-Picher. They are

; six ampere-nour cells and we're running tihen at Crane. Vo
: just started this about two months ago. There are the
Cranc pack numbers, and the supplicrs, the four Graces,
Ilercules -~ that's sinmilar to the one wec tested before --
another Grace, a Vex 1242 which is made by Gaff which is
irradiated, RAI, and grafted.

st = e g

»orge

This is the Canadian-- tell, we call it the Uex ISIS
which 'ir. Ilaines just talked about. And of course we have
Pellon as a control -- tha'.'s a nylon -- and nylon Grace
also.

AL e mesEa b %

: llow we did give them capacity checks hefore we started
! but we held that goal to 152 per cell, and some of them cut
i Off.

Now this is an average of five cells, the third column
over, and some are somewhat low, but we wanted to see how
; they would cycle anyhow, so we put them on a cylce regime,
: the same as last time, 25 percent depth of discharge, 25

s

183

-



e

k
4
’
i
f

CRANE

PACK NO

9K
9
L]
90
9)
9P
90
LU
9f
95

SEPARATOR PROGRAM

TYPE SUPPLIER PART MO

INITIAL AVERAGE

CYCLES 90 Min ORBIT

CAPACITY AW 25.00025¢C
34 10 0 75V 141 VL
PP GRACE 307418 56 Rk}
PP GRACE 307123 62 593
PP GRACE 307) 35 56 567
PP GRACE 1912 31w 61 367
PP MERC 2711 5% 66 204
PP GRACE 3073 32w n 206
PP WEXi. 42 RAI 13 204
PP CANADIAN WEX 1tS 18 —_—
N PELLON 250% 16
N GRACE 3073 3/ 69
PP POLYPROPYLENE
N NYLON
GSHC
n i
FIGURE 139
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degrees Centigrade, and a 1,41 voltage limit, and they

are overcharging at about 110 percent. 'Chey start a little
high but they level off between 107 and 110 percent. And
that's the number of cycles we have to date, as of last
week anyhow, and there have been no failures.

What we intend to do is vary 2,000 cycles, take cut one

cell, take it apart, and analyze the separator for electro-
lyte retention. That's about it. Thank you. Are there
any questions?

LACKNER: You haven't any cycles for our beautiful
polypropylene.

HENNIGAN: We just haven't started it, but it is
started, It was started last Friday.

LACKNER: Okay. It creates the wrong impression.

HENNIGAN: Well, how about the Pellon? Any gquestinns?

WEBSTER: Tom, what attempt have you made to keep the
interelectrode spacing the same, the thickness of the
separator material the same?

HENNIGAN: Well, that's kind of tough when you get all
these different materials from different companies. You
can play around with-- All these are samples. The only one
we paid for was the Wex 1242-RAI,

SCOTT: Do those numbers in the far richt-hand column
indicate how many cycles they are still going at, or when
they failed?

HENNIGAN: No, thev are still geing.

SCOTT: All of them are still going?

HENNIGAN: Right.
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VI.4 PERMANENTLY WETTABLE POLYPROPYLENE SEPARATORS:
N. PALMER/GRACE

HALPERT: Maybe some questions with regard to the
Grace material will be described by Nigel Palmer who is
the Technical Director of Fiber Specialties at Grace. He
is gyoing to talk about permanently wettable polypropyiene
separators.

PALMER: First let me make a couple of general comments
and that is that what I'm going to say is quite impromptu.
I hadn't any thought of saying anything until last Friday
when we had a rather relevant patent issue on this subject
and this prompted me to call Gerry and suggest that if they
were talking about separators that I might be able to give
a bit of background information on our separator, not so
much to give data on cycle performance and things like this,
which is principally being generated by NASA and by various
cell manufacturers, but rather to give people who are work-
ing with our separators some idea, some background informa-
tion on how it is put together, what gives it the various
properties we think it has, and so they can interpret their
results and in turn, working with us, can further the opti-
mization process. As a result of this being impromptu, I
don't have any slides or anything like that, for which I
apologize.

The other thing I might just say by point of introduc-
tion also is that as some of ycou may know, we are separator
people, We have been this for about 25 years, but we are
quite new to alkaline separators and in fact only got in it
as a sort of what I have to admit was something of an after-
thought about three years ago as a result of work we were
doing for our principal separator business, which was lead
acid.
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An having sort of gotten into it, we have kind of got
interested and involved, and we think we're making an im-
proved product.

I think from the comments there have been already this
norning there is a general feeling or agreement among at
least a large number of people that polypropylene separa-
tors will give improved performance in nickel-cadmium
batteries in terms of life, in terms of chemical resistance,
and in terms of ability to handle high temperatures. And
the down side has been the unreliability of wetting and in
particular, the non-permanence of wetting.

This is something that we initially found out again
when we were looking at a non-woven product from a lead
acid aspect but I think it is common to polypropvlene in
general, and I think the problem frankly is that polypro-
pylene is an extremely hydrophobic material that, although
vou can wet it very easily for inmediate wet-out -- a
thousand things will give it initial wetting -- it is very
difficult to get it to stav. You have to go usually to
things like grafting and so on, which is trichy.

Let me talk a little kit about the process ve've cot
and how we think we have overcone this wetting pro“lem.

Basically our process, which is a method we licensed
from Exxon on an exclusive hasis for separators-- We spin
our own material. Ile don't take staple and create a non-
woven material. We take the basic polamer and spin it anu
the process basically involves extruding filaments through
a series of fine nozzles and then impinging on those fibers
as they come out, a very hich velocity stream of air at a
high temperature.

This results in a rapid attenuation of these fibers to
a microfiber situation, and vou're talking about fiber
diameters in the one to three nicron region. Ve can make
them smaller and we can make them coarser. There are aques-
tions of economics that come into play reallv on a Ffihor
diamecter.

The process is not <rossly different from that that
"arcules used in the material that was talked about carlicr.
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The advantage ol thwaat, from a rreoluct »oint of view,
of course is that we have zontrel over the fiher proper-
ties, both nhysical and chemical, as well as the obvious
control that anybody ia: dver the actual lay-down aspects
of the web itself once ..'s ilade.

Jow from a procuci point of view, I identify a number
of key factors that I think are different.

rirst, and most inportant in ny opinion, is Zhe ner-
rnanent wetcing aspect of the product. Wie other tuing 7
nentioned about the fine fiber diameters which I thinh
tiiere are mixed feelings about. 1In general it tends to
contribute to absorptivity and to wicking and to resistance
to cadrium migration, bvt 1 think the verdict is not recally
in on that yet.

Anotuer factor which I thinl is of some importance is
the fibers are continuous rather than discontinuous, swhich
neans you tend not to have things falling off.

The next factor is there is no binder involved, so
vou have a purity sossiltiility you provahly lack with
naterials that are dry laid and honded,

Coine on to the asn~ct of the wettability, I rentioned
that we started this progranm with lead acid and we found
fairlv early on that although we had great electrical re-
sistance and good initial performance, the batteries would
start failing and they would start shorting and doing funny
things on a rather unpredictable basis.

And when we looked into it we really concluded that
the problem was the loss of wettability in a situation where
you had gassing; in other words, in a charging situation
or in a situation where electrolyte levels could drop, any-
thing like that, you would tend to get a loss of wetting in
those areas. It wouldn't come back.

So what we did was to develop what we call the internal-
external wetting approach and basically what it involves is
injecting a suitable wetting material, surfactant, into
the polamer during its fiber formation. We select this
material, in addition to doing the things right in the
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battery, we selected it to be compatible with the polamer
while it is being made -- in other words, a single-phase
situation -- but incompatible when it's cold.

Then you have a situation where you get in effect a
ballooning process, a gradual exudation of this material
to the surface of the polamer or the fiber. And this pro-
vides, we believe, a permanent wz2ttable surface to the
polamer and as far as we can tell, certainly on the tests
that we have run over a period now of about three years =--
not, I might say, in nickel-cadmium that long -- has shown
no loss of this property.

I can't say at what point this would disappear. We
don't think-- I think there are some theoretical reasons
why it would never entirely disappear.

We have a second-- I mentioned the internal-external.
The external refers to a second surfactant component which
we add to the outside of the separator to improve the ini-
tial wetting characteristics and particularly how fast the
separator wets.

For the fine fiber and a fine pore size you tend to
wet somewhat slowly and obviously, particularly if vacuum
impregnations are being used, this can he important in
commercial cells, so we have come up with a package which
we think covers both bases.

In terms of data, really I cannot give at this point
any data; in fact, I won't be able to because we don't test
nickel-cadmium cells. We rely on our various customers to
do this.

But what I can say is that we have been testing the
separator material of this type in lead acid batteries that
we do test, both in field and in lab conditions, for about
three years, and have established that the wettability has
been retained during this period.

Secondly, we have done artificial tests where we have,

for example, washed off the wetting material, the surface
wettability with solvents, for example, and then

188



i _.m;-);m<mﬂ, o

demonstrated to our satisfaction that the wettability re-
covered under conditions that would simulate cycling in a
cell.

So we believe that this will compensate for this prob-
lem that has been the traditional problem with polypropy-
lené and we're quite optimistic that this will give every-
body a better polypropylene separator.

On last comment is that at this point we are not in a
commercial situation. We are still in an advanced develop-
ment stage. We are making the material on a pilot basis and
it will be rather more than a year before we are in a posi-
tion to supply this material commercially. But during this
period we are certainly very happy to work with people and
supply samples and tailor the product to whatever degree is
necessary.

That is really all I have to say.
IALPERT: Any questions?

GASTON: I just have one comment. You mentioned the
wet~out characteristics. In the aerospace battery business
we're not interested in fast wet-out. That got us into
difficulty with the nylon several years ago, so that is not
the most important criterion.

The next thing is I have a question. You referred to
lead acid batteries. Do you also use polypropylene?

PALMER: No, we don't use them-- Excuse me. We are
developing a separator for lead acid which would also be
polypropylene. We have pretty well homed in on that material
as the best material for a combination of chemical and physi-
cal and economic reasons. So although in principle we can
make this type of material with a lot of different polamers,
polypropylene is going to be the principal material, and we
are developing separators, polypropylene separators, for
lead acid batteries.

GASTON: 1Is it possible to combine this with the sampl-
ing that is going on for nickel-cadmium cells? It might
make it then,dollar-wise,more attractive for use in both
types of batteries. Could the same separator, the same type,
be used for niokel-cadmium?
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PALMER: No, not precisely.
GASTON: If it could, it would be advantageous.

PALMER: Well, let me say in this regard that because
of the volume consideration, there is no way you could justi-
fy the venture on the basis of nickel-cadmium alone, and
this is perhaps why we're only just getting into the nickel-
cadmium business, is because until we had a product that had
some commonality, we couldn't justify developing a separate
product.

But having done so, you can say that the lead-acid
business will justify the basic economics and *hen, as a
separate product which admittedly has to be optimized for
nickel-cadmium, you can develop the separate product. This
is our approach and this is what we've done.

There are differences for nickel-cadmium, obviously,
in terms of not only thicknesses and so on, but wetting
systems are different and optimized for the KOH and so on.
But the basic process will apply to bhoth.

GASTON: Now I have one more comment. I found the
Hercules microfiber was a little brittle. It is difficult
to handle, particularly in larager cells. It might bec im-
portant.

If the fiber is too brittle, too fine, it might fall
apart if you tried to wet the material --

PALMER: I think it is a good comment. Let me say that
we are working to improve the strength but, like Herculon,
I don't have any size numbers of comparison whether we
are stronger or weaker. DBut in general, this type of
material will not have the high strength, the higher strength
of the more conventional fibers.

It's a characteristic of the fiber-making process
which does not have the cold draw in it and hence it will be
weaker; there's no two ways about it, and it is foolish to
pretend that it will be otherwise.

We believe from what we've done and from what we've
learned so far that we can meet satisfactory levels of
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strength for people's manufacturing operations.

KLEIN: Can you tell us what the surfactant is and how
stable that is in the KOH environment?

PALMER: Sure. Actually what I'll tell you is some of
the types of surfactants we use. I'm not going to tell you
specifically which ones, but referring to the patent,
typically what we have used is non-ionic surfactants of the
epoxy type.

I think if you want, I can refer you to this patent and
you will get a list of the types of materials that have been
tested, which are given as examples. I can give the number.
The number is 3847676.

I think it really in a sense is the text of my talk.
You will find a lot more detail that is worth giving in that,
and to follow up on your question in terms of stability, all
evidence we have is that these materials are stable. We
have selected them with this in mind.

Like a lot of things, the ultimate test -- I won't say
the acid test, but the alkaline test, if you like --

-- is several years down the pike. But all our tests say
it's fine, but that's not the problem.

HALPERT: I think I want to make just one comment. Tom
tells me that samples of that material have been given to the
Bureau of Standards for evaluation. The results have already
appeared in the latest NBS Report.
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VI.5 SOME ASPECTS OF GLASS/METAL INTERFACES IN SEALS:
P. MAYER/ONTARIO RESEARCH

Okay. The next speaker, to move from the separator
material to the seals, Peter Mayer of the Ontario Research
Foundation is going to give us some aspects of glass-metal
interfaces in seals for nickel-cadmium batteries.

MAYER: I really don't know how to introduce this talk
because, as you understand, I was not present at the previ-
cus workshops. But the glass~to-metal seal was flagged
down for Ni-cad battery application.

We looked into these proklems of the properties, or
the change in the properties of the alass-metal interface
in the seals for Ni-cad applications specifically as to how
these interfaces react in 30 percent KOH aquaeous solutions.
The reason for this was, first, it was challenging,
because there's a common opinion that this is the weakest
part, the glass-metal seals, for application to Ni-cad
batteries.

Second, glass-to-metal seals are much cheaper, much
more economically made than ceramic-to-metal seals. And
as T understand from talking to various people yesterday,
the ceramic-to-metal seal is overengineered, it's too
safe for various lower-cost applications. Therefore we
looked at this problem again. This paper is co-authored
by Mr. Lackner from the Defense Research Board of Carada

and Dr. Murphy and Dr. Topping from the Ontario Research
Foundation.

{€lide 140.)
The first slide shows our experimental set-up.

The first objective of the work was to investigate
the reactions between the glasses and metals. A numbher of
mechanisms have been postulated in the past, but direct
experimental confirmation of these reactions was not pub-
lished. ©So we set up a EMS cell where we used glass melt
at high temperature and we immersed two metal electrodes
into these glass melts,
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One of them, the metal, we were looking for the reac-
tion with glasses. The second was platinum which acted in
this case as a psuedo-oxygen electrode.

(Slide 141.)

This slide shows some results of our experiment where
you can see EMF measured by using the experimental setup on
the previous slide as a function of concentration, in this
case of nickel oxide in soda disilicate glass at various
temperatures.

(Slide 142.)

This slide shows EMF measured again in soda disilicate
glass as a function of concentration of cobalt oxide this
time, and as a function of temperature.

(Slide 143,)

This slide shows the over-all cell reaction which is
identified frou these experiments. WJot surprisingly, the
combined reaction is a simple oxidation of metal, in this
case tie cathode, to ionize to enter tihe glass as a positive
catiorn, as a cation and giving away electrons,

These electrons are recombining at the positive elec-
trode. The oxygen is absorbed by the glass melt.

These experiments have shown that there is a consider-
ably large driving force for the reaction, for the oxida-
tion reaction, occurring if glass and molten metal are
brought together at high temperature. Because it is a
thermodynamically unstable situation. A stable situation
would be metal oxide dissolved in a glass or metal oxide-
glass, solution of the glass and the oxide.

However, these reaction mechanics are established from
the EMF technique which is a no-current technique, which
means there was no current going between this and this,
the electrodes; therefore this is a thermodynamic equili-
brium, Only the driving forces behind these reactions were
measured.
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In actual glass-to-metal sealing practice these gal-
vanic cells are shorted through the graphite jig, and there
some changes in reaction mechanisms are occurring. The
driving force behind the reaction is simple oxidation of
metal to the oxide. However because of the mobility of
the alkali ions in the glass, these are moving and have a
very large electric potential toward the anode, in actual
sealing practice it could be the more normal part of the
seal.

This slide shows that because of the high concentra-
tion of the alkalis at the anode interface new compounds
which are easily soluble in water or 30 percent KOil are form-
ing,.

An additional effect is increase in alkali concentra-
tion at one of the metal-glass interfaces is causing
crystallization of the glass, which results in a formatin
of very low corrosion resistant residue of ylass at this
interface again.

The next objective of enur investigction was to investi-
gyaite how the corrosion prope. ..s of the comnon scaling
glass are changing with addition of transition metal oxidu
since this situation occurs at the negative electrode.

(Slide 144,)

This slide shows that with addition of nickel oxiue tu
the common sealing glass, you can see that the resistance
to the KOl corrosion at 90° -- these are the two tempera-
tures we are investigating for the cecaction kinetics, tuais
is tine and this is the rate loss in milligrams per square
area. And what we found is that nichel audivion is uwecrvas-
ing gquite considerably the resistance of the glass to uic
KOt corrosion.,

(slide 145.)

A similar effect is found_as shown here by addition of
cobalt oxide. Of course the effect is not as pronounced.
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(slide 146.)

This slide shows the effect of the addition of ie, O
to the glass, or the influence on corrosion resistance
to 30 percent KOH.

In all three cases we found that the corrosion resis-
tance of the glass is decreasing by increasing the concen-
tration of transition wmetal oxide in this yglass. And {rom
this we concluded that the reason wihy sowme glass-to-metal
seals failed if they are applied in nickel-cadmium batteries
is there is a formation of this highly soluble alkali sili-
cate compounds at one of the interfaces.

We have investigated further the influence of transi-
tion metal oxide on the sealing glass.

(slide 147.)

This slide shows a hypothetical case taken from a
paper by bosque, where he shows the adherence of the glass
to the metal is increased by increasiny, or saturation --
Ly incrcasing the concentration to the satucracion point of
the glasy by the oxiue of the substrate metal. Ve can sce
in all cases the contact angle irom the urop ltest was dece-
crecasing with the increasing of the oxide content in tne
soda disilica.e glass.

ilowever, looking at the modified bupre equation

which i1s shown on the next slide --

--we can see that not only do interfacial energies play
a role of adherence of glass to metal, but also the differ-

ence in thermal contraction from the sealing temperature to
the room temperature,

And we have found very interestinyg reasons which are

shown on the next three slides.

(Slide 148.)
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The expansion coefficient of the soda disilicate glass
is changing by addition of transition metal oxide. It could
be shown that the thermal contraction mismatch, if there is
no nickel oxide present in the soda disilicate alass, for
exannle, would be in excess of a thousand parts per million.
However, as we approach the saturation point of nickel in
the soda disilicate glass the Jdiffercnce in thermal contrac-
tion would ke less than 170 parts per millinn.

™yis would ncan -- in common sealing practice this
would indicate good thermally matched glass to metal seal.

(Slide 149.)

This shows a similar eifect of cobhalt oxide on the
thermal exnansion cnefficient.

{Slide 150.)

ide shows the sinilar effect of Fea0,., 1Ia
‘2 qetting a greater seal cjoing from £he vure

v v b s g e R L I VY
ST se o godn by o Uhio o rlass-ackal Lntertasn,

Taoswonoar . o would 1l o ot point out thae e havn
St Uhet o laureio= rtal seel Jor o2l Yieaticn o ia nichel-
Caeoiant bacterie. coulld still Lo considersu as a viable
a.ternative to the ceramic -- the ezpensive cerarndc-to-
naetal saal,

e
i

Tl Jode.
Coe L ryraea - - .
CRLPTUI Sy aestions?

SOUNDUT 1 gust vanted Lo nake sure that understood
vour wedghit Joss carves correctly. Ty opacreasing the con-
ceatration of the actal oxide you dactually decrcas: “hoe
welslt 1985, Midh meaans you dncreas fhe resistance of

. 13 M
Ciler 304 L,

Aril: Pight.

CcordoPT: 1 teought I oheard you sar thie Jdegradation
of the soeal was worse vith the transitios actal oxilde; tut

cou Leally meant the other?
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YAYER: The dJdecreasing corrosion rate would indicate
better resistance of the seal.

CORBETT: So higher concentrations are better?

MAYLR: Yes; because KOH attacks common sealing glass,
mainly in the silica network. So by addition of the
higher charge cations the corrosion rate goes down, and
there is less chance for KOII attack of the silica.

CORBETT: liave you had some opportunity to build some
seals using this kind of approach?

"AYER: Yes. And we are testing them at the present
time. I am not prepared to report any results yet.

ROGERS: You poin*ed out that the coefficient of
exnansion between the metal and glass match. I don't *hink
that implies the necessary match over the entire sealing
range. They match at whatever temperature you were point-
ing out.

in other words, rarely glass—-to-netal ratch over the

2atire raavse.
(Slide.)

MAYLK: (At the easel) This is the temperature and
this is the changing length per unit length. Let's say
that the curve looks like this, and the point which we are
usually considering in the glass-to-metal sealing is the
so-called Ty where the glass becomes rigid. So the sealing
is done at a much higher temperature. And the seal, to-
gether with the glass, is codled from this temperature, an¢
the stresses are set up at this point.

Now the metal can contract more or less. But there is
an accepted factor, or accepted sort of limit for matched
seals in glass-to-metal seeling practice. For the matched
seal the thermal contraction difference should be less than
100 parts per million, which is the difference here.

For a compression seal the limit is about 1000 parts
per million.
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STOFCL: I hold in my hand a plastic type compression
seal. This seal is cheap, easy to make, and is very versa-
tile. Can anyone tell me why it's no good?

CORBETT: 1It's too cheap.

MAYER: The bonds in organic seals, glass-to-metal,
ceramic-to-metal seals, are formed at high temperature.
The activation energies for formation of these bonds are

very high. And usually the bonds are of two types: co-
valent or ionic.

In the case of a mechanical seal by the best estimatinn
it would be a Van der Waal type of bonding between the
metal and the plastic. And we know the Van der Waal hcnds
and many others are likely to he lower in strencth than
co-valent or ionic.

In the case of glass-to-netal vou have iecnic type cf
onle. Therefore the bond hetween the metal and the
separatoy, or thie dielectric is mueh meoro permancat tha: o

Qaseloa

tae ceowe ©f en lnordanic scal. Tarsuse thirce's so oLy o
can ciert Lhat kind oI pressure neochanicall:l

iiowever these seals have definite arvplicaticrns for
specific purposes.

PP'ORD: T have a guestiocn. TThere can T "ay that senl?
Where do I buy it on the narket? fthere do T Luy L2

LACKNER: We may have an answ~r for -ou, ait until
next vear.

If you talk to us we nay figure sometiing cui,

HENNIGAN: Twice we tried to cet in the seal business,
once with T.I. and cnce with Tvyco. Doth times they wont
out. Mavbe we'll try again. Tt's not like we don't like

it., BDut we haven't bLeen alle to reev anvhedr in husiroes:
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with that scal.

FORD: llaybe that's teliing vou sonething.

NCHNHMRY: To start off with, I don't Lelieve T.I.
went out of business, the batterv husiness, hecause of the

. seal. They 4id try to make a sterilized seal, which Jdid
. not work. They tried to nake a plastic scal and it Jdid nog
work?

HENMNIGAIl: It worked.

MCcHENRY: And they went out of business bhecause of
that?

HENIIGAN: How would you test T.I, cells?

MEI'lENRY: !las anyone ever scen a single cone of those
plastic seals? Has anyonec here worked with them at all?
I've hat a cur out at Jco Tropulsion made a few of then,
and I :don't ranw of anyere who has over made one that Til.
You can tale a4 %oreh o it and you'll ruin it if ou cver-
heat 1t.

A

But we've never had one that failed, other than when
the quy put it into the oven and ceooked it; which he's not
supposed to do.

I've seen them fail when vou take a torch to the-~when
you compress it and yvou find a leak inyour can and vou trv
to weld the lid bhack on, after you compress the seal. And
it will leak if vou heat it after you compress it. But
you're supposed to weld the top on and then crimp the seal,

We've had them in the old Telstar batteries. And 1
haven't looked in about thrce or four years, but they went
about ten years without a single leaker. All ceranic
seals and all the c¢lass seals had failed.

. There were four hundred glass seals, all of which
failed in a few yecars. The ceramic seals, within mavbe

ORIGINAL PAGE IS
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four or five years they were all gone. Not a single one
of the other type seal failed.

They are reasonabl, cheap to make. Now making one of
them is real expensive: you have to make a mold. Just mak-
ing one can of becer is awfully expensive, too. If you want
6x1 over radical 2 ounces of beer, the guy would have to --
he couldn't make it, not one. Just changingthe size of a
can of beer would make it terribly expensive. But, you
know, if you make them by the thousands and millions it's
a lot cheaper if vou want to make that many.

I guers for about ten dollars apiece you can make the
seals in a very small amount, 100 or 200, something lile
taat. And the thing works perfectly fine,

JOE SCHULIAII: Over a long period of time won't jasses
lear out?

McIENRY: I've done a li:tle looking at-- We put then

-

en the helium leal tzst. You cannot detect it.

TON SCUUTSNT: Tew lon? That period of tine?

ta

2% & Suniie il . ~ls Iy . - % r .. » .
Tt T2al to )t."', ar-2 the ratn of ~~'-'_1!"V,.o'

r
()
9]
-
7}

JOT SCNUT,MAM: I ounderstand.  Put i€ vou nut it on
nne sile then ven have o 'niit. VYou Jen't wait for a fow
minuten, vou wait far dars ondg wecks as it slowls Arins
.

(B LAt
through.
LTI T ¢ ocommant on thatl,

Uetva haon oxcorineniine rith these scals or nickel-
hWuedrrgen c2lls where we're pressura cycling with hydroden
totweon 190 and 500 psi. I ogaess the oldest scals that we
have nust ave gone througl, Litoralll tiicusinds ¢l those
Pinds ol pressure cycles, ane we aon't see any lealnage.

COL SCHULIAT: licw wdd youu Jeternine that ccou didn't
dave loaltage?
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tornm we do initial leak cesting with a heliun leak detect-
ing device. ‘fhen we're running cells that have a finite
quantity of hydrogen in then. And we're not losing hydro-
Jen,

Then we also do some leak testing aftcer we've run the
cell, just for helium leak rate.

As far as we're concerned, the seals work very well
in all respects.

HALPERT: I'd like to go on to our next subject.
UCHIYAIA: Let ne ask a question.

A reference was made to the Jet Propulsion Laboratory
and the ZJiegli:r seal. I would like to mention that as a
part of JPL's responsibility to NASA for its deep space
mission we are looking at long life batteries, and some
of the candidate components which might be used in such a
battery. The Ziegler scal is such a candidate, and we
havea hac some headers bullt with such seals and we are
incorporatiag these into actual cells.

Thac header which Stechel showed a few .iomentis ago, T
believe, is one which he has built for JPL. To Jdate, the
cost of fabricating such a header has been low and the pro-
cedure has been simple. Ue hope to present data on these
cells at the next GSFC workshop.,

Preliminary test data on the integrity of these seals
have been reported in a JPL publication available to any
interested personnel; the results confirm the data publish-
ed by Bell personnel in the Journal of the Electrochemical
Society.

HALPERT: Harvey Frank has a report on some of this work
in a JPL report.

FORD: One point I want to make: We buy cells, and we
buy a complete assembly. I buy cells from the manufacturer
that offers them to us, and we usually buy them with the
headers they offer.
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Now would a manufacturer stand up and tell ne that
I can buy a cell with a Ziegler seal on it today?

That's when we'll use them, when you can go to the
manufacturer and buy cells with Ziegler seals; that's when
you'll find thien coming into aerospace, and not before.

There's a lot been said about the technology. I don't
think the technoloqy is even in question. But the commerci-
al availability is what the guestion is on the Ziegler
seal today. And when it becomes commercially available on
Nicad cells you'll see them put into use.

HALPERT: Okay. Thank you, Flovd.

I'd like to go into the next subject, otherwisc we'rec
not going to get our work accomplished.

loving now into analysis, the next speaker is Cert
Van Ommering from COMSAT who is going to talk ahkout his
analysis of cadmiun nlates.
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VI.6 ANALYSIS CF CADMIUM PLATES: VAN OMMERING/COMSAT

VAN OMMERING: 1 just want to clear up a problem that
came up yesterday concerning carbonate buildup in cells
stored passively for some period of time.

Dr. Scott presented some numbers that showed carbonate
in the order of 25 to 30 and 35 equivalent percent, and Jim
Dunlop stood up and said that we saw only about 10 or 11
percent. It turns out we're talking about different percent-
ages., Ours are simple weight percentages on the basis of
total electrolyte weight.

I did a quick calculation on our numbers, ard it turns
out that if we do it on an equivalent percent basis we see
levels of about 25 percent carbonate in cells that have
been stored shorted for three vears. And it varies from
about 25 to 27. S0 it's pretty much in the same range that
you were talking about. We see the same kind of level also
in cells that we stored open for the same amount of time,

So what we're concluding from that -- and whether it's
a 100 percent valid conclusion we're not quite sure -- is
that this carbonate is coming from plates and is slowly
leaching out with time. Even though for some people it is
not that clear that it can hapren. But if you look at it
thermodynamicallv it will eventuallv havven. The tendencv
is there for the carbonate to move out of the plates into
the electrolyte,.

(slide 152.)

On this graph we show on the top curve some of the
data that we have presented before on carbonate increase in
cells that have been run in the Intelsat-4 real time simu-
lation test. The top curve gives the numbers that we pre-
sented to measure a rate of about 1.16 grams per year
increase.

It's interesting to note that if yo. look at the
legend at the bottom, that the increase turns out to be
practically the same for cells that have been trickle
charged as compared to cells that have been stored open
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circuit during the storage season. Initially it looked

like the trickle charged cells were building up carbonate
much faster than the open circuit cells were. That must
have been the initial scattering data. It looks like
everything works out pretty well, and you can draw a beauti-
ful straight line for this.

Then we .lso draw a beautiful curved line through just
about three points which describe this passive storage.
Those are the initial points right on a 'Y' axis here.
Those are measured initially on new cells. The carbonate
level is about S5.

And these little dashes here show points that were
measured on cells that had been stored for respective two
and three years. We drew kind of an arbitrary curve through
that and subtracted that curve from the top one, and we came
up with a corrected line at the bottom which shows the
actual increase of about .82 grams per year that we can at-
tribute to some type of oxidation that occurs in the cell.
And that number fits pretty well with the precharge data
that we have on the cells also, The increase in precharge
is very low.

So that sets that straight.

The other story that I have concerns the cadmium
electrodes in cells that we have taken out of the real time
test that we're running. For people who haven't been here
before, let me briefly say we're running a real time test
on nick-cadmium batteries. One pack ofbatteries is stored
in a storage season between eclipses, open circuit, with
periodic recharje every thirty days. Another pack is
trickle chié.ged continuously during the storage season.

And the eclipses that are run are exactly the same. The
tests are primarily intended to evaluate the effects of
various storage modes and to see whether they have any
detrimental effect on the batteries which would limit their
life in orbit.

We recently took some cells out of these tests.

(Slide 153.)
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In the trickle charge test we see this kind of behavior
during the eclipse. The points that are marked there show
the highest cell of the five cells that are remaining in the
test in terms of voltage at the end of the longest eclipse,
or in terms of voltage at the end of the eclipse discharge.

The lowest point at each eclipse day shows the lowest
cell in that group. And the little dots in there are the
average for the five cells in the pack.

The spread here for the trickle charge cell is fairly
small. It looks like it's about a 30-millivolt difference
maximum for the eight points between the best top cell and
the lowest cell. And the average voltage for the longest
eclipse day is about 1.17, which is fairly od, especially
if you compare it with the packs that had been storaged in
open circuit mode.

(8lide 154.)

You see the results are a lot more erratic. Apparently
there's one cell that looks very good, and that shows a
very nice smooth curve there at the top. That one is per-
forming fairly well. But there is a considerable amount of
scattering in the data on the worst cell, and the spread is
quite significant. It's more like 200 millivolts, whereas
it was 30 millivolts on the other test.

Also, the average voltage found in the longest eclipse
day is something like 1.10 instead of 1.17.

This shows that the open circuit storage does have
some bad effects. The little dots that are circled here
in these two graphs show the value of the voltage for the
particular cell that we pulled out of each test in the
most recent seasons.

(Slide 155.)
This shows the discharge curves on those two cells

plus the discharge curve on the new cell which was run a
long time ago.
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The top curve here is for the new cell. The other two
curves -~ this is for the trickle charged cell run at the
same rate, the same kind of test. You see the c vacity was
decreased quite significantly. And the voltage loss is also
fairly large. But it is not as bad as the open circuit cell
which has lost even more capacity and more voltage.

These cells do seem to be negative limited to some
extent, especially the open circuit cell is negative limited
when you go to discharge. Although generally when you go
into discharge you find that you're generating both hydrogen
and oxygen. So it is not really a matter of the capacity not
being there. It is there. You can use it; but at a very
low rate. You can't really use the capacity at the full
rate that you would like to use normally.

The amount of oxygen that we generate over discharge
does not correspond exactly to the amount of current we're
putting in.

So either we're still discharging some of the cadmium
in the plate electrochemically or we're recombining some of
the oxygen that we generate in the reverse with metallic
cadmium that is around but that for some reason cannot be
discharged electrochemically. Maybe because it's drying out
or something of that nature.

We opened these cells up for complete chemical analysis.
And I'm not going to present everything here, because every-
thing has not been quite completed.

(Slide 156.)

This is not such a very clear picture of cadmium
plates from these cells that were pulled out. The one on
the left is a trickle charged, one of the trickle charged
cells. It looks fairly clean. There is some irregularity
on there that kind of got washed out of the picture. But
compared to the open circuit stored cell it looks very
clean. There's practically no separator sticking to the
plate. In the open circuit cell there's an awfil lot of
separator that you simply cannot get off.
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There's quite a bit of non-uniformity in the open cir-
cuit cell, You can see apparently thexe are some high
pressure arexs, or high air pressure areas, where the elec-
trolye preferably is, andvhere possibly the cadmium moves
around more and kind of attaches the separator to the plate.

The positive plates look very good. They generally
don't have any separator sticking to them. For the trickle
charged cell they look very uniform in color, but for the
open circuit cell they show the same kind of pattern that
you see on the cadmium plate. It generally seems to be
somewhat darker, the areas where you see the separator on
the cadmium plate. And these twe things generally cover it
very well. I don't have any pictures unfortunately, I
didn't bring any plates either, which I probably should have
done.

You saw these little lines drawn across these plates.
These two particular plates were cut up into twelve little
pieces because we saw this non-uniformity and we wanted to
check out what actually was happening in each of these
squares.

We cut these things up and did a separate analysis of
each of those pieces.

(slide 157.)

This slide kind of refers to that. The same kind of
pattern is shown here. And this particular slide shows the
thickness variation across the plate as well as the thick-

nesy difference between the open circuit storage and trickle
charge storage.

The upper numbers in blue are the ones that we measure
right after the plate has been taken out of the cell. You
can see that in the trickle charged cell the numbers are
fairly uniform. There's really not very much difference
between the thicknesses. This i{s in hundredths of milli-
meters.

On the open circuit storage cell, for one thing the
numbers are somewhat higher, or quite a bit higher. And
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they are less uniform. You can see in the area that cor-
responded to the black area on the plate where not much
separator was sticking that the numbers, the thickness
numbers are fairly low. Of course people will say that that
is due to the separator being there on the plate, and ysu
will automatically measure a somewhat thicker plate at that
point.

That's true. But the reason for that is that the
cadmium did come out of the plate at those points, and it
does attach the separator to the plate. So there is an in-
dication here of cadmium migration beirq worsa in certain
areas of the plate than in other areas.

After extraction of the plates we again measured the
thickness. And it's shown here in the bottom figures that
are colored in red.

You can see that there is a slight drop in thickness
on the trickle charged plate, which you would probably
expect. But it's fairly uniform. And the open circuit
plate, we f£ind that the thickness has increased tremesndous-
ly, and is practically the same as for the trickle charged
plate after its extraction has been done. So it shows that
the center of the thing actually does not expand; it is
simply cadmium covered all over it, and the sinter utays
intac:.

(Slide 158.)

We also did on these twelve separate pieces a measure-
ment of the amount of cadmium that is in a discharged state
in these various areas. And again there was a very uniform
distribution in the trickle charged plate. Therc's a
maximum of 5 percent difference.

If you look at the open circuit plate there's a much
larger variation. And the interesting thing is that there
is more discharged material in the areas that were not
covered with the separator, where the separator did not
attach. That would almost indicate that the places where
the separator does not attach show a better utilization of
cadmium as the plate was discharged, before the cell was
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opened up. But you cannotbs 100 percent sure of that.

There's also the possibility that this area was dry
and that that was the reason why the separator did not at-
tach there so much; that the other areas of the plates were
utilized quite a bit, but simply cannot be utilized very
far because of pore blockage, et cetera. So the actual
utilization of the plate would take place in these areas
that show bad migration. And then when you go into reversal
and generate oxygen, then there's a fairly dry area of the
plate which is at this point (indicating). It probably has
a bit of charged cadmium in it, but it can fairly easily
recombine with the oxygen that's around it. So at this
point you cannot really be quite sure of what is going on
there.

But we feed that the second explanation, the recombina-
tion in reversal, is somewhat more likely.

T SRHOLI T AT

(Slide 159.)

We took some of these plates and cross-sectioned them
and looked at them under fairly high magnification. And
this picture shows some interesting things.

This is t'e trickle charged cell. We cross-sectioned
the plate, and you can see here on the top picture it shows
an overall material distribution. You can see the center
grid, a little piece of it, right there. And then we have--
We're kind of looking through a perforated hole in the
thing. And here you see the sinter with the actual material.

S

The middle picture shows the distribution of the
cadmium. You can see it is really not very uniform. There
are some areas where the cadmium accumulates much more
strongly. But it doesn't look too bad. And you can also
see that the outline of the plate is still very similar to
the top picture. So practically there's no cadmium coming
out of the side of the plate; which, of course, also is
shown easily by the thickness measurements.

So this just confirms what we already said.
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The bottom picture shows the sinter basically. It shows
the distribution of nickel. And you would see, if you super-
imposed these two pictures, it would fit quite nicely.

There are fairly bid voids in the sinter which corres-
pond to the high concentration of cadmium; which is what
you would expect.

We were a little surprised to see that the sinter is
that non-uniform and does have some big gaps.

(Slide 161.)

Now for the open circuit cell things look a little dif-
ferent.

The top picture again shows the overall distribution
of material. You see there's quite a bit of stuff outside
this plate. To get a good feeling for how much that is,
you can compare the top two pictures. The middle one shows
cadmium, the bottom one shows nickel. If you compare those
two with the nickel you can see that the same outline
exists for this edge he. e, but that there's an awful lot of
material outside, which is very dense if you compare it to
some of the other areas within the piate.

So it is very likely that this contributes a lot to
the reduced utilization in those areas where the migration
is severe. There's a lot of blocking there.

The thickness of this layer, you see, is something like
30 microns. It's quite a bit.

We took some surface pictures of both types of plates
to see what this material on the outside really looks like.
And we have two magnifications.

(Slide 162.)

One of them is-- I don't know what the magnification
is, but the scale is shown here. On the left we have the
trickle charged cell. 1It's not that easy to see, but you
can see that the grain structure is fairly fine, fairly
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small grains around, really no big ones to be seen anywhere.

On the open circuit storage cell you can see that the
crystals are quite a bit larger. You can see some of the
fibers also embedded in the material on the outside of the

plate.

This was kind of interesting, 80 we blew it up a little
bit more. And you see horrible things.

(Slide 163.)

On the trickle charged plate, again, the crystals could
be estimated at about 1 micron, which is not particularly
huge. But on the open circuit plate we find some monsters.

There's one which, if you compare the scale, is almost
40 to 50 microns big, which is incredibly huge. I don't
think anywhere we have seen anything reported on cadmium
recrystallization where anybody showed crystals this big in
an actual cell. At least I haven't seen anything. I know
there has been a good bit of work done by Fritz will, for
instance, on that kind of thing. But those were not really
real electrodes. And the type of crystal sizes he was look-
ing at were on the order of 5 microns, which already gave a
fantastic reduction in capacity. They were actually non-
useable.

So here we are building up some real big ones. And
the thickness of this one crystal here is about 30 microns
that we measured as the thickening on the plate. 7o you
can’see it has almost some single crystals, or ¢ pig cry-
stal sitting on the outside, held onto the plate by the
nylon.

We're not sure yet what the base structure is that you
see behind the crystals. This surface could be hydroxide,
it could be metallic cadmium. We're going to check that
out. And you probably may hear about that next year.

So this is what we have been seeing, and it just con-

firms what we have already seen before, or have said before,
that the open circuit storage does give you problems in
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terms of this cadmium migration much worse than the trickle
charged cells. Open circuit storage looked good for a while
because we thought there was less carbonate buildup with

the open circuit storage compared to trickle charged. But,
as you saw inthe first slide that I showed, that's not really
true any more. And there was probably some early confusion
in the data. So that's not really valid at this point.

So it looks like open circuit storage really doesn't
have any advantage over trickle charge. Trickle charge
seems to maintain the plate in a better manageable condition.

There is some spread in voltage, as you can see from
the early slides. There's same loss of capacity, some lecss
in voltage after something like five years. But it is still
bearable compared to the open circuit ones. --that is, that
the trickle charge is quite a bit better.

I guess that just about covers what T wanted to talk
about.

IALPERT: Any questions?

COIIN: UWithout doubting the validity of your data, it
reminds me in a way of the chemist who made the experiments
with skotch and soda in which he got a terrible hangover,
and bourbon and soda. And you know the rest of the story.

The message you were giving us I believe was that you
prefer trickle charge storage over open circuit storage.
And the message I would like to leave with you is, perhaps
you're oversimplifying things.

As for the conditions under which you operated, there's
no arqument that your conditions for trickle charge storage
were better than your conditions for open circuit storage.
However, one has to know what kind of cells you used, how
you treated these cells, and what conditions. And it may
well be that an open circuit storage with different treat-
ment of different cells might give you the exact opposite
conclusion than you have drawn from your data.

VAN OMMERING: I'm limiting my conclusion to this
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particular test. I'm not saying this as a general thing.

WADHAM: On Mr. Cohn's point, COMSAT hasn't mentioned
that it has also been testing our cells. And we find
exactly the same results with a different design of plate,
a different batch -- their's are 1969 cells, ours are 1970,
I think it is, or '71 cells. The whole design of tne
plates was changed by G.E.,, as I think most people know,
aroundabout 1969, And on open circuit storage our cells
are, if anything, worse.

VAN OMMERING: I guess that kind of limits it then to
synchronous operation of G.E. cells.

COHN: Let me ask a question now. Have you got any
data on the amount of overage that you get in both regimes.
How does the amount of overcharge compare in both regimes?
I guess the amount of discharge would Le the same. But
the amount of overcharge might be very different.

DUNLOP: First of all, to go back, these tests were
started in 1969. And at the time we started this test I
do:'t think we were drinking either skotch or bourbon. We
were trying to simulate a test that we felt was valid
because these were the two choices that we had. And we
unfortunately chose the open circuit. We didn't start out
here trying to prove anything; we started out with the two
storage modes, realizing in the satellite that we had
that the storage mode we were using was the mode that we
have now shown is where our problems were.

To explain the overchhrge: we knew exactly what we
were doing: there's a 10 percent overcharge at a C/12
rate, and we switched back ‘to a C/36 rate during each
eclipse operating day. That's for the eclipse period.

The only other difference is the one that was mentioned
here, in the storage mode. One cell is charged in the open
circuit mode with recharge every 30 days, and the other
is on trickle charge. That's the mode these two cells have
been running in, and they've been running in now for nine
eclipse seasons, or eight eclipse seasons.
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The other point is that the depth of discharge is

60 percent of the rated capacity on the 72-minute eclipse
day. I think there is no doubt that the results we see in
this test on those particular plates, and the experimental
results that we have seen on the Telsat plates, which are --
I'm’talking about the negative plates, the negative elec-
trodes, in both cases we are seeing this significant expan-
sion of the cadmium electrode, particularly at the bottom
part of the =lectrode.

I don't want to go into why it's occurring at the bottom
part. But we don't gt this expansion on the plates that
we are trickle charying in the Intelsat-8 plates. We dan't
know o- Telesat because we don't have any comparable type of
test data.

There is no question in the data that this open
circuit stand mode is a great way to go are far as cadmium
crystals are concerned.

CORBETT: I have a question about your data. But first
let me say I think it's a very interesting piece of work
and that it sheds some light on some problems that I think a
lot of battery engineers have been experiencing without
explanation, like why system test batteries on satellites
tend to die if you leave them alone. And people have been
asking, you know, "What have those guys been doing to the
battery?" And there have been a number of problems around
the company, both on the military, on the NASA side, with
respect to system test batteries.

The question I have, it's kind of a subtle point, but
on your first chart where you showed the regions of the
plate and the difference in cadmium -- the difference in
thickness, a comparison of the thickness both after remov-
al of the hydroxide and prior, I notice that the actual
thicknesses were slightly lower for the open circuit stor-
age cells. Is that a significant statistical difference;
and, if so, why do you think that is? ’

VAN OMMERING: That is a difference that you gen. ‘ally

expect to see from plate to plate. That is something that
does happen. There is some non-uniformity in the sinter
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thickness.

CORBETT: They all seem to be in the seventies on the
right and the eighties on the left.

VAN OMMERING: They were about 77 or 78 on trickle
charge, and 79, 80 on-- 79, 80 on trickle charge and
77, 78 on open circuit. That's the normal variation. We
have been seeing that all along,

FORD: While we didn't go into the detail to show the
redistribution of the material in the cells, therewas ex-
perimental data presented in one of these sessions two to
three years ago that compared the effect of open circuit,
what we call the random open circuit, with trickle charge,
with discharge and shorting. And it happens this confirms
exactly what Jim and Gert here have reported; that the open
charge stands are a very unhealthy environment for the
battery.

With that as a comment I'd like to ask a couple of
questions. One is, Did you look at how much separator -~
or how much electrolyte was in a separator with respect to
each test condition? Was there a significant difference?

VAN OMMERING: No. When we analyze a cell what we
generally do is we open it up and then extract the entire
cell. So we really don't have any data on where the elec-
trolye is, whether it's in the negatives, the positives,
or separator, or how much exactly in each of these three
components. Unfortunately we don't have that.

FORD: One of the things we found out in the storage
test, where we were simulating ground storage conditions,
not like your in-flight storage, was that the amount of
electrolyte that was retained in the separator was the
lowest in trickle charged cells. Now I don't think we re-
alize yet what the long term implications of that may be.
But it's the only problem, or the only indication of a
problem with trickle charges I've seen so far --and I'm
talking about moderate rates, now, C/30. --is associated
with the redistribution of electrolye. And also with that
redistribution of electrolyte the cells did show an increase
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in capacity to 1 volt, indicating a possible expansion of
a positive electrode.

In your discharge data, your voltage profile data, did
you indicate in your talk if you determined which was the
limiting electrode in reversal?

VAN OMMERING: Well it generally looks lik~e it is the
negative one. Because you see some OXygen as Soon as you
go into reversal. But you generally also see some hydro-
gen. And it's really extremely hard to detect which is
going first.

In this kind of a tapering down thing the electrode
cannot quite support the discharge rate that you're using,
so you get kind of a mixed reaction. And it seems to hap-
pen on the negative as well as on the positive, though on
the positive it's to a smaller extent. But there is a
utilization problem at the end; it's not a straight cut-off,
it's kind of a slow tapering from one mode to the next.

FORD: In your chemical analysis of the negative for
charged material, as far as total charged cadmium, is there
any distinction made between the two groups, or did vou
notice any difference?

VAN OMMERING: Well the problem is that you have a hard
time comparing cells like these, using, for instance, a bar
graph as we have been doing in the past. We cannot really
compare very easily because we don't know exactly what goes
on during this reversal. But what we generally try to do is
we collect all the gas in reversal, and you generally find
an imbalance either way. Either there is more hydrogen or
more equivalents of hydrogen and oxygen, or the other way
around.

Using that kind of a calculation with an estimate of
the overall positive capacity you can arrive at a bar graph
for the negative electrode. And at that point you could
make a decent comparison of how much you have in each elec-
trode for these different cells. You really can't do it
at this time. We're still working on that.
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FORD: One more question and then I'll stop.

On the large crystals that you referred to, are those
fairly sized crystals, or is there any indication that the
crystals are built up by layers like you would expect in
Formica or something like that?

VAN OMMERING: You often see that in pictures of
potassium hydroxide crystals. You see this kind of step
structure.

I think Will, in his paper, showed that generally hap-
pened after exposure to air, or something like that. It
somehow made it worse. I don't know what that means. I
guess it means that there might be some dehydration of the
hydroxide to oxide, or something like that.

We don't see these steps very clearly. There is a very
vague indication that there mijht be some ridges on that
surface, but our pictures don't show a very regular pattern
of ridges as some of Will's pictures show.

THIERFELDER: Have you investigated whether these large
crystals can be broken down by reconditioning, or are they
permanent?

VAN OMMERING: Well they're almost permanent.
Theoretically you can show that you should be able to bring
cadmium back to the plate and slowly dissolve these big
crystals by very long continuous charge. That should be a
possible way of bringing those back.

With big crystale like this it might take years.
DUNLOP: 1'd like to make a couple of comments.

In regard to some of the questions that Floyd Ford
asked, in terms of the original redistribution of cadmium,
that's the first point: where you see that -- where we cut
those plates up into twelve different sections and analyzed
for the total amount of cadmium in each section was the
same. So where you see that expansion occurring in the
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bottom of the plate it isn't a slumping phenomenon that
you normally associate with something like the zinc elec-
trode, it is simply the movement of the cadmium from in-
side the plate to the surface. But we find it's the same
total amount of grams of cadmium per gram of plate material
in each one of those twelve sections, whether we're talking
about open circuit or whether we're talking about trickle
charge.

The other point is, in answer to one of the other ques-
tions: in that plate, in terms of the utilization of the
amount of residual charged cadmium remaining, it turned out
that in the plate that was trickle charged we were able to
utilize 70 percent of the active material uniformly in every
one of those twelve sections.

In the plate that was open circuit we were able to
utilize approximately 70 percent of the active material in
the upper part of the plate and only 53 percent of the
active material in the bottom part of the plate. That meant
there was a remaining large amount of charged cadmium, about
530 percent of the active material in the bottom part cf that
Pl te that was charqged cadmiun which we could not electro-
chemically discharge.

VAN OMMERING: That refers to utilization in the

cell. If you would run these things flooded things might
be different.

DUNLOP: But at the same time it's very likely that
this is a masking effect going on, too, in the bottom part
of that plate.

HENDEE: Jim kept side-stepping it, b=t I'd like to put
out a general question: What causes the stratification
from top to bottom?

VAN OMMERING: Do I ha' > to answer that?

What you want to hear 1is, It's gravity.
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HENDEE: That's not what I want to hear. I want to
hear the truth.

VAN OMMERING: Nobody knows the truth. I think gravity
is a good candidate mechanism for this thing.

It is obvious that -- well, in all these cells, if you
look at them, for some strange reason the bottom is always
the one that shows the most migration. So it makes you
think about gravity.

I wish somebody accidentally had run some of these
things upside down. It would be interesting.

But there are other possibilities. The plates are no:
uniform in thickness over the entire area. And the way they
are compressed in the can, it is possible that there are
some high pressure areas.

And of course you waould expect that there is somewhat
more expansion in the center of the cell. So that you
would expect the high pressure areas to kind of occur around
the perimeter of the electrodes. In those areas you would
tend to contain somewhat more electrolyte than in that low
pressure area. That would possibly accelerate cadmiuw mi-
gration. And as soon as ycu get cadmium in the separator
it would improve the electrolyte holding capability of the
separator at that point even more.

So this is the kind of effect that would accelerate
itself. But it has to be a concentration of electrolyte,
whether it's to high pressure areas where the electrolyte
concentrates or whether it's to gravity. It might be a
combination of both, and probably is.

HENDEE: Vell then probably the conclusion is, even if
initially it was gravity and it were to be transferred to
zero g, that the process would probably be self-perpetuat-
ing and continue in th:.¢ general frame of reference, that
the bottom would be expanding.

VAN OMMERING: That's true. The cell has been--
Assuming that mechanism would be correct, the cell is going
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to run a little while at the ground, and then it's launched
tc a zero g environment. The effect would still be s+tronger
in chat particular area where some migration had occurred
alrvady.

Of course, in a satellite you're not running in a
zero g environment actually; you're running at a tenth gq.

DUNLOP: Approaching this from the other direction, it
is interesting that you don't notice the exvansion on’
plates that are trickle charged. Therefore you could assume,
you can start postulating, Why not? And that's a reverse
way of approaching the same problem.

it may mean that when you do trickle chk.rge plates you
may have a mechanism by which you redistrikute the electro-
lyte more uniformly throughout your cell so tha*- you're avle
to more uniformly discharge yoar plate. Because there's an
obvious indication that you are -- that these places that
are expanding, that you are getting electrolyte redistribn-
tion, by whatever method, in the bottom of the cell, and that
in doing that that's the part of the plate that's probably
being utilized, and that's why you get the cadmium novecnment.
And the whole thing is self-perpetuating in a way.

That also brinags up a second point.

When you do try and analyze the separators and look for
the electrolyte, where do you look? Do you look at the top
pact of the cell? Do you look at the bottom part of the

cell?

His question is a rather interesting one, because I
don't think that elec:rolyte in that open circuit stand cell
is distributed very uniformly in that separator.

BENE: On your recharge on the cells open circuit, what
was your charge regime for th«t?

VAN OMMERING: I think C/12 to 10 percent.

DUNLOP: C/24 for one day.




VAN OMMERING: Before the capacity measurement.
BENE: Before the battery was discharged?
DUNLOP: I quess I missed your point.

BENE: Well the cells you have on open circuit stands,
when do you recharge?

DUNLOP: Every thirty days, C/24 for twenty-four hours.

BENE: So it's possible you have gotten more recharge
in those cells than you got on a trickle charge cell.

DUNLOP: ©Not recharge; ba2cause the trickle charge is
more overcharged than a l-day C/24.

BENE: 1In one sense you can look at it that way, yes.
But you maybe generate more oxygen with the C/24 for
twenty-four hours in those cells than in the other.

DUNLOP: I don't know winy that would be a problem
wich cadmium, offhand.

BENE. Well let me ask another guestion, then.
Were these drawn cans or welded cans?
VA ] OMMERING: Welded cans.

FORD: There's one condition that you're overlooking,
though. When you go open circuit charge the oxygen recom-
hines an” the cell enrds up in a hard vacuum, and you have
an environment where there is no oxygen recombination
mechanism taking place, contrasting t¢ trickle charging.

Now I think this is where vou've ~ot to look to find
some solutions to this problem, if you really warnt to solve
it. And this is one of the things that occurred to us in
lor king at the random storage mode, is tha* there were week-
ends and seven days on end and those batteries were on open
circuit. You come in and hit that battery with a charge.
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For practical purposes the electrodes are charged. And
what's going to happen? Somcthing has got to go. The
reaction isn't a normal reaction if you start from way

down and come bhack up again. You have a different environ-
ment that the cell is seceing internally, and you've got to
look at it in that sense,

T think you have to look at the effects of oxygen in
the cell and what it does to the cadmium,

VAN OMMERING: If you're worried about the cell being
fully charged and then being overcharged extensively when
you recharge it-- 1Is that your worry?

FORD: No; I'm worrying about the fact that if you go
open circuit on a fully charged battery, say for twenty-
four hours, if you test some of your pressure gauges and
you know when you come in after open circuit on a wecek-end
the cells are in a good hard vacuum, what happens to a cell
that for all practical purposes-- Those electrodes haven't
self-discharged. You hit it with a charge again. You're in
overcharge alrcady. The recombination mechanism that sup-
presses the votential of the cell in overcharge isn't there.
What's happening to the cadmium metal during that period?

VAN OMMERING: One thing I have to say is that the
cel! is not exactly on open circuit during this period.
Therc's a very small load across it, extremely small. So
the thing does discharge.

JOT. SCHULMAN: I do know if you try to grow salt cry-
stals - something like that in a beaker that if you keep
wiggling the jar, keep moving it, they'll never grow. If
everything stands perfectly still it'll grow.

Could it be that on open circuit there's no mechani-
cal motion of the fluid, where in trickle charge you have a
little bit of transfer of material?

VAN OMMERING: I don't know if that directly keeps the
crystals from growing. I think the slow discharge which
occurs during the open circuit is really what's responsible
for the crystals getting a chance to grow. Ithink that's
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the main mechanism.
HALPERT: Thank you very much.

Gentlemen, we'd like to let you go earlier this after-
noon, so if we can get back here and start exactly
at one-tl ¢ty I think we can get everything completed in
time,

So please come back and let's be ready to go at one-
thirty.

VAN OMMERING: I would like to sav that most of this
work was done by Marty Farl of COMSAT Labs.

(Whereupon, at 12:45 p.m., the workshop was recessed,
to reconvene at 1:30 p.m., the same day.)
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AFTERNOON SESSION

(1:30 p.r.)

VI.7 A NOVEL METHOD OF PLATF CARBONATE DETERMINATION:
H. KROGER/GE

HALPERT: Our afternoon session will begin where we left
off, on chemical analysis, and our first speaker this after-
nroon is Hans Kkroger c¢f General Flectric. He is going to
speak on a novel method of plate carborate determination.

KROGER: I am going to present to vou a piece of
supporting development work which was done at the Advanced
Engincering Laboratory of General Electric Battery
Business Department, and which subsequently led to a novel
method of determination of carbonates on plates for alka-
line cells.

Conventionally the substances to be analyzed for
carborates on plate materials for alkaline cells is acid
diqested in a closed system and the resulting carbon dio-
x1de is then swept out and absorhed 1in « karium hydroxide
solution. The resulting participate of barium carbo-
nate is collected and pre-weighed, filtered in crucibles,
and carefully washed and dried to weight caonstancy.

This procedure, includira the preparaticn and asso-
ciatecd cleanup operations, is rather time-consuming. The
rethod dees nrot lend itself te a large amount of samples
to be analyzec in a given span of time.

Last year at this time and place we were introduced
te a new concept of carhonate determination by Clint Jones
ot Goddard. he replaceu the carbon dioxide collection by
means of barium hydroxide by a cordernsation of the €0, at
ligquid ritrogen tenperatures, and a suhsequent quantlia-
tive determination in a calibrated aas chromatograph.

This is a rather elegant apnmroach. However, it 4id
nct produce a significant saving of tire.

In our department ve have historically olvays uscd
the convontional rnethod of Lo, absorytioeon in bariun
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hydroxide. However, as I said, this r-ocedure is slow and
expensive.

When we needed a new, time-cfficient method, the
feasibility of the gas chromatoqgraph apnroach was ruled
out very quickly for reasons of cost and long lead time to
Jet one, and then there are apparently two other avenues
that remain, namelyv, absorption of the liberated C02, an
excess of caustic and the subsequent gquantitative deter-
mination by means of the well-known double-end point acid-
based titration or the absorption of carbon dioxide in a
known amount of caustic where a color change of an appro-
priate indicator would permit a go-nu go decision with
respect to permissible carbonate levels.

We started our investigation with the first approach
since it promised to %We nmore heneficial with regard to
quantitative information. We prepared a .2 normal or .1l
molar aqueous solution of potassium carhonate, and this
was used for testina and calibration purposes.

When directly titrated with a standard one-tenth
areal velroclleoric acid, we consistently ahtained the
cor~wmtion of Five rilliliter reasont hetween the tuo
ont cooivks f
carbonite 30

[}

orocach five niilliliter of tha potassiunm
lution.,

Subseauently this standard carbonate solution was
then used in the existent eauipment to try our concent.

slide 164.)

low these are our results. The colurn, "Vessecls,"
stands for the number of wash bottles connected in scries.
Tue volume is the amount of absorbhina linquids in nilli-
liters., The nnrmality is the strenqgth of the liquid cal-
culated fro.' the initial XOUl concentration. And the
diluting water and the vield is the armount of carbon dic-
xide to racover expressed in percent of the amount ¢ iven.

The first trial vita one wash bottle onlv cnn-
taining 125 milliliters of about .02 normal KO vielded
only about 40 percent of the CO, the first line there.

Certain improvement in the collection of CO2, 52

N
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percent, was observed when two vessels connected in a
series were used. That contained about the same amount
of caustic as used in the first trial, however at a lower
concentration.

It should be mentioned here if two vessels were used
before the titration was done, the liquids of the two
vessels were connected and the vessels carefully washed
out.

Based on these two observations we got only 40 and
52 percent when low concentration solutions were used.
This ruled out the application of the go-no go decision
using a change of indicator in the solution.

Then in the next trial we increased the concentra-
tion of the KOH by a factor of two and again we only got
50 percent of the theory.

When we then further increased the concentration by
a factor of ten we came up to 88 percent and in a series
of trials we were not able to increase to a hundred per-
cent recovery.

It was then felt that obviously our method of titra-
tion was responsible for these shortcomings; namely, we
titrated the bulk of the unreacted KOH with one normal
hydrochloric acid until the phenosaline indicator became
colorless. This is the normal practice.

Then we continued with one-tenth norma®’ acid until
the change of the second, the methyl rad indicator. The
use of the stronger acid in reaching the first end point
apparently led to continued overshooting of the first
mark and consequently to too low yields in between the
two points.

Th.e adverse phenomenon of the first end point over-
shooting could be overcome in the following manner:

The titration with normal hydrochloric acid was
terminated about one milliliter prior to reaching the
first end point; that is, at a consumption when the in-
tensity of the color of the phenol-telahene solution, or
indicator, begins to fade.
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The change to colorless is then achieved with one-
tenth normal acid. At this point the second indicator is
added and the titration is, with the tenth normal acid,
resumed and the second end point is reached.

Applying t! is new practice and a further increase
in the caustic concentration, we applied it to a series
of further trials with standard potassium samples. We
found that these five milliliter 1uns required a mean of
4.9 milliliter of that one-tenth normal acid with a
standard deviation of only .03 milliliters. This is
typically the hundred percent recovery as seen in the last
line of the figure.

In a typical plate carbonate determination we used
sample sizes of ten square centimeters or tenths of a
square decimeter. 1In this case, each milliliter of the
tenth normal acid consumption would be equivalent to 138
milligrams of pc*assium carbonate per square decimeter
where all carbonates are calculated as potassium carbo-
naia.

Thus the conception of the trials method that has
been implemented in our quality control plate laboratory
for botlk positive and negative electrodes. The inherent
savings in preparation and clean-up time can amount to
three or fcur times more samples to be run in a given
period of time.

In summary, I have described to you how we modify
the HO end point method for total alkalinity, carbonates,
and then successfully applied it to the determination of
carbon dioxide liberated from electrodes for alkaline
cells.

The new method is fast,; accurate, and has good
economic aspects.

Thank you.
HALPERT: Are there questions?
Bill Webster.

WEBSTER: Yes.
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You referenced time. What time does it take to run
a sample from start to finish?

KROGER: It takes usually-- Digestion and flushing
over take somewhere between 10 to 15 minutes. Then you
can set aside the solution and charge the train again and
start it. As a matter of {1ct, one operator operates two
trains at one time. And the titration itself maybe is
five minutes, so we cut the time from originally 30 to
35 minutes per run to about 20 minutes with two at the
same time.

WEBSTER: How long do you think the Jones' techni-
que takes?

KROGER: Pardon me?

WEBSTER: How do you think the Jones' technique
takes?

KROGER: I asked him last vear and he said 30 to 35
minutes.

WnsTOR: I ojust wanted to riake that point. It is
fa7initely A cost saring since vou don't have to have a
chronatogramh,

KROCGER: I was last vear auite intrigued by the
elegernce of his method but T snecifically asked him how
long one determination lasts and he said, well, 30 to 35
minutes.

WERSTER:  Thank you.
HALPERT: Any other cquestions?

SPTOTEL: My pencil couldn't write fast enouah. Do
vou have the thing written ap so I could aget :t 1n the
short term bhefore the notes comes out for the workshon?
It 1s very tinelv from my point of view.

KROGER: I have only ry oridinal manu=cript here,
hut mavbe T can send you one if vou'll agive me vyour
address.,



Our rext speaker is one who joined us this summer
on a NASA-ASEE surmer fellowship prooram from Catholic
University, Mr. Lee Mav, who is jo0ing to talk about the
role of iron in tne nickel-cadmium cell.

V1.8 THIT ROLE OF I«ON IN THE NICKFIL CADMIUM CELL:
L. MAY/CATHOLIC U.

MAY: All through the literature on the nickel-
cadmium battery there have been allusions to the role of
iron in the performance of the cell. Tf T may go back
to perhaps what some would regard as the prehistoric age
of the nickel-cadmium battery, I would go back to Thomas
Ldisorn vho is quoted in several hooks, for example, as
stating that there is a decrecase in the electrochemacal
capacity of nickel oxide electrodes when small amo. its
of ferric hydroxide arve added to various electrolvtes,

Jurgaer, who T guess is the inventor of the nickel-
cadmium battery, also claimed that *he iron ir solution
combines with nickel at the positive eclectrode to form a
nickel-iron compound that is inactive electrochemically.
And actually I think in his original patent he proposcd
makirg a4 mixture of cadmiur and iron plate although he
did stute that iron affects the capacity ard he restricted
the mixture of cadmium to iron to 85 to 15 rercent,
certain structural properties of this cadmium-3ron.

Viral, in his book ir 1940, claims that iron in
clectrolyte affects the positive plate resulting in a
loss of activity. ‘YHanel, in 1933, in an atstract to
the Tlectrochermical Society, stated that the proscence of
iron in cadrium plates did not affect tue chargina and
discharying curves but that the Leneficial offect of
lithium was to counterict the deletoricus effect of
traces of iron.

Up until that tire there was rno aotual facts and
figyurcs to support these contenticn.  iterhavns the first
study was made in 196€, nd T vould like to show you sor e
of the results,

{(Slide 165.0)
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Troilius and Alfelt built their own cell and used
radioactive iron-59 to trace the movement of the iron
throughout the cell and as vou can see when we're deal-
ing with the components of their positive electrode asscm-
bly, we find that with the number of cycles, the amount of
the radioactive iron increased.

The ordinate is the weight of iron in milligrams per
plate. And you also note that the contamination of the
positive plate -- clectrode, excuse me =-- increased with
temperaturc.

A sccond experine .t is they doped the cadmium eloc-
trode with radioactive iron and they determined the amouvnt
of iron which appeared in the positive electrcde. As von
can sce, as the number of cycles increased we have an
incrcase in the amount of iron in the positive plate. Ani
again there is an increase as the temperature increases.

(Clide 16€.)

They also measured the effect on the capacity in @
nickel-cadmium cell which they ccnstructed themselves,
and here they plotted the capacity versus the number of
cvecles. The ton cu e revreseats a4 cell in which no irarn
was added.  The second curve represents atling caa tan
in theo esitive clectrole, You sec Lacre 1. .0 1 Ciratlown
in the capacity.,

The difference between the standard and auding the
cadmium to the plate represents going fron about two nor-
cent, dirinishing to about three and a half vercuent.

7hen they doped the nickel electrode with iron they
founc that the capacity chang~d with the number of :voeles
and the diminution in terms of percent went frorm abeat °7
nercent to about 37 percent. These fiqgqures are cvaluate:dn
frem the curve which awpears in the publication s "t is
not o be taken exactly right.

Cide T

Some additional evidence concerning this was in g
paver in the same sympos.um by llarivel and company.  They
doped the electrode with different ratios of iron o
nickel so we go from-- The top is the smallest amount of
iron, to the hottom, wvhich 1. the hivhest amcunt of iron.

And in the second and third colunns ou have tlo



capacity which they measured and the percent change is
in the fourth column. You will note that at low concen-
trations of iron, we have a greater percent change than
we have as the concentration of iron in the plate in-
creases.,

In a report by Carson and company there is some
little data relative to this. In this case they took the
original nickel plate and after six cvcles they neasured
the capacity. This is the capacity range. And they
measured the average gassing rate which is given -- the
units are given here -- against percent charge. And thesec
are the ficures which they report.

Then they impregnated this plate with ferric nitrate
to about .002 percent iron and aftcer 12 cycles they show
that there is a flight decreasc 1n the cavacitv. And in
the lower part of the column you will neote that-- Let's
take the more dramatic decrease, which was in the casc of
90 percent state of charge. There is a diminuticn of 25
percent of the gassing rate; at 75 percent, there is a
diminution of 19 percent, and actually at a €0 vercent
state of charae there is an incr~ase of 1% yrercent in the

sveter.,

All of this of course sucqgests Lhet ivon @ov ive a
role in the activity of the nickel-cadmium battery.

Falk and Salk i1 1969 in their bock, Alxaline
Storage Lattery, rev'ewed some of this work and quote
Stringfellow who savs that the loss of caracity “he
positive plate is due to iron noiscning,

They also state, and I c.r o

"For a long time, iron h .o Ywcen reococ -
nized as a harmful iroHurity in the nickel-
hydroxide electrode.”

Later they state that the effect of iron -- or con-
clude that the effect of iron is a reduction of the
oxidized state of the nickel oxide electrode and a reduc-
tion of the oxygen over voltage,

I set out to aive some preliminary information on



whether we could detect iron in a new cell as compared
to an aged cell and to see what -- jus*t to get &n analy-
tical method for this.

I would like to first point out that in the company
loq of Eaqle-Picher they do give some analyses for iron.
For example, in the negative plague they find that the
iron percentage is .0902 to .00l nercent in the separator,
depending upon which separator they use. 2ll being varia-
tions of nvlon, they find .202 to .004 percent.

In another analysis on .. 'l three cells they give the
range of iron in the nickel powier that they use for pre-
paring the electrodes is .02 to .24 p~rcent. And the
figure for iron in the nellon sevarator is .003 percent.

The specificastion vrovid .d for Aerospace nickel-
cadmium cells specifies tli ruximum iron content should be
.01 nercent which is the average assay given oy the
International Yickel Company.

I took two cells and analyzed using atomic adsorp-
tion the amount of iron in various wnarts of the cell.

Slidde 168.)

“he virgin plate vou see is a SAI'T cell and the
amount the analysis-- The last figure gives the percent
iron I found, .02, in the positive sinter and .005 in the
neqative sinter.

I took what was saild to he an aged plate, a CGulton
cell, You will find if we comvare the positive sinter
in the aged with the positive sinter in the virgin cell
there is roughly a doubling of the amount of iron.

In the negative s.inter we alsn find an increase of
roughly three times.

In the cell that I took apart, the senmarator was
attach .d to the neqative el2ctrode and I just removed
the mass, which was casily removed with a nickel spatula,
and T foun< that the percent of .ron on that was ,M21.

There was sorme brownish materisl on the plastic
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-cover of the cell and the percent iron in that plastic

material which you can see was only nine milligrams came
to 4.3 percent.

Merely for uniformity or complete analysis, I
analyzed the soluble iron in the electrolyte which came
to 9.3 micrograms per liter.

The details and the references that I have mentioned
z~eviously will be found in this report.

So the indication, at least from the literature and
these preliminary analyses suggests that there is a migra-
tion of iron and that there is some deleterious effect of
iron on the performance of the cell.

Perhaps study is needed now to evaluate whether in
truth iron does contribute and some of the factors that
I would like to suggest would be, one, since the data
suggests that the effect of iron increases as the concen-
tration of the iron decreases in the nickel electrode,
one would have to study the effect of concentration and
deternine the limits in which there is a deleterious
effect.

Secondly, the position of iron in the cell., There
is evidence that the migration of the iron varies with the
position of the iron in the components of the cell,

Third, the effect of temperature to show the re-
sult of Troilius and Alfelt. They felt that the rate of
contamination of iron did increase with temperature, and
also perhaps it would affect the electrochemical capacity.

And finally, the type of purging, the sequence and
the scheduling may affect the movement of the iron and
its effect on the electrochemical capacity.

HALPERT: Are there any questions for Dr, May?

233




g
v .

o e S e A i 4 3 s UV USRI SIS -

HALPERT: There is a question.

GROSS: I thought what was significant was the ef-
fect of cadmium in the positive. There were very small
amourts of cadmium that were shown to have a significant
capacity reduction. Cadmium is sometimes placed in the
positive electrode to give reversal protection,

I had always been of the impression that this =--
that it was of negligible importance.

MAY: I think this slide shows the effect of cad-
mium on the positive.

(Slide 166.) %

If you look at the figures, it is rather difficult
because there are no actual figures; it is just a2 plot
that Troilius and Alfelt get. And if you calculate by
this rough measurement it is a very little--~ Well, it
would support your notion that it will maintain the same
capacity.

GROSS: Well, it suggests to me that one should
look very carefully at the use of cadmium as an ingre-
dient in a positive electrode for reversal protection.
This is now done in some cell designs.

MAY: Of course 1 was interested in the iron.

GROSS: Yes.

LICKFTT: I showed some data vesterday where the
addition of cadmium to the positive imaterial enhanced
the performance to some exient. This was on the orvder of

somewhere arouncd seven percert. Other people have incdicited
to me that this does occur.
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VI.9 CHEMICAL ANALYSIS PROCEDURE AT GSFC

MAY: If you'll be patient, there was a paper that
summarized the effect of various foreign ions. This was
a paper by Casey and all, The Journal of the Electro-
chemical Society in 1965, and they state that cadmium
has no effect. This is their data which refers back to
two other references. If you wish I can show you that.

HALPERT: The next speaker is Bill Webster who is
going to discuss some of the results of the chemical
aralysis on the nickel-cadmium cells here at Goddard.

WEBSTER: This work was performed under a contract
that we have, or a grant, I should say, with the Federal
City College., On this program at the present time we have
twe graduate chemists wcrking at Goddard, one at a 40-
hour week and one at a 20-hour week, approximately.

We have in the past year come out with an analysis
of abcut 20 cells and we thought this +rould be an oppor-
tunity to make you aware cf these results.

Also, there was an X report which was put out which
was a pre-print, It was very limited distribution. This
was our first attempt at documenting what we were doing
here.

Since then, it has gone through a dynamic evolu-
tion and we came out with another one which represented
our best attempts at the end of August, which is avail-
able here and which has been distributed widely.

Let me state that this is undergoing changes and
that we will come out with an addendum to this. Just as
we heard a talk by Dr. Kroger of G.E., we will probably
be continually evolving better and more efficient tech-
niques.

Let me discuss first of all, before I get into the
results, the addendum that will be coming out to this X
report,

Let me state first of all our differences with how
we are going to do things from now on. We now have three
SCXHLET extractors. Our intent in the future is to take
a cell apart and upon taking it apart in an inert
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atmosphere, to place the positive electrodes in one
SOXHIET, the negative in another, and the separator in
the third, so that we may get three separate aliquots
which we may analyze for amount of electrolyte and extent
of carbonate.

Also, our technique for electrolyte analysis has

been modified as a result of discussing with Jim Dunop

of COMSAT their way of doing it. I believe last year the
technique involved forcing an answer; that is to say we
assumed that the percent concentration of the electro-
lyte was what the manufacturer put in and then we would
analyze for the number of OH ions present and then calcu-
late the number of c.c.'s of electrolyte in the cell.

From now on, and this is in this procedure, we will
first do a weight determination of the cell, then an OH
determination, and then come up with a figure which gives
us the actual percent of the electrolyte at the time that
this sample is analyzed.

This is significant, from what you've been hearing
today, with respect to the role of OH ions in the reaction
with the separator. For instance, if we have cells which
have been out at Crane on test for five years, yes, they
nicht have started out at 31 percent KOH but it would
certainly be interesting to know what they have in them
now.

First I would like to show vou a summary of the
results of the chemical analysis of some cells. These
will be representative of all three manufacturers.

(Slide 169.)

What we have here is a list of the projects from
which the cell had its origin, the capacity. These cells
all are G.E. I have another slide which shows a few
Eagle-Picher and a few ATS.

We have the test history. The term "virgin" is used
to describe simply plates. Sometimes we receive histori-
cal samples when we have cells made and that is repre-
sented by the word "virgin."
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"Acceptance test" means in most cases that it had
received an acceptance t-st at the manufacturer and possi-
bly also at the prime contractor.

And then the last cotegory is self-explanatory,
which is the actual test history. Most of these cells
represent cells which have been on test at Crane.

You can see that we have analyzed or reported the
results here: the total negative capacity, the total
positive capacity, not what chemical species this is in.
We have done this. We will be coming out with an X re-
port in detail on our findings, probably in the spring
of the vear.

But just to give you a highlight, we reported these
numbers.

One cell of particular interest I would think is the
1966 historical. We just used that term. It is one we
have had in-house. It is being shorted. It was not
built to any particular specification. It was what was
coming out of G.E. in 1966. It went through acceptance
test and that's all.

And you will ohserve that it has a 1.37 negative
to positive ratio.

Also we are in the process of moving our laboratory
so we had to interrupt our analysis but you see on the
slide there are three nickel braised seals. We have a
fourth which will be analyzed after the first of the year,
and this will fall in the cateqory of a cell which has
been through acceptance test only so we will be able to
get a comparison then in characteristics of carbonate
contamination, electrode growth, and things of this nature
versus the cells which have undergone three years'
cycling.

(Slide 170.)
This is more of the same material but for Eagle-
Picher and for Gulton Industries. The designation 7-P

means that they are lot 7 plates; this was not a cell--
It was a three ampere-hour cell that contained
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approximately 10.26 ampere-hours of negative and ended
up with a negative-positive ratio of 1.62.

Down under the Gulton Industries we have two ATSF
cells indicated by their serial number which had been
stored by different techniques. One was activated,
stored shorted and wet for a period of two years. The
other was stored at the manufacturer for a period of two
years in argon atmosphere before being activated and
going through acceptance test.

And then the top ATS there is an example of the posi-
tive plate and the negative plate; historical materials.

(Slide 171.)

Next I would like to show you the results on the
same cells of our carbonate analysis. And this is by
Mr. Jones-- Let me give credit where credit is due.

This work is a combination of a lot of people's
energies: T[Floyd Ford, Gerry Halpert and myself have had
inputs to the procedures, and so have quite a few people
in industry who have contributed their ideas.

The actual work in the laboratory has heen done L)
Mr., Clinton Jones of Federal City Colleqe, and Mr. Ifechi
Opalui of Federal City College, also.

This is using Halpert/Jones technique as reported last
year for the carbonate determination.

In the case of the nickel braise results, the per-
cent potassium carbonate in the electrolyte, we received
these cells from Crane and Cranec had already performned
the analysis out there so we had to input their data into
our program, and these are the numbers that we came up
with.

Of interest is the AE cell, atmospheric explorer.
That represents lot 3, serial number 89. It had been
through acceptance test. Note the extremely low nickel
carbonate, cadmium carbonate, and percentage of carbonate
in the clectrolyte. And I understand from talking to
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Gerry Halpert, the project engineer at Goddard on this
program, that this cell had seen a special step at G.E.
which I'm not familiar with. I don't think it is signi-
ficant right now, but it is one step anyway for removing
carbonate from the cells, and it seems to work.

Without going into the details, the data is fur-
nished and is obvious there.

I'd say this is strictly a weight percent. We were
talking yesterday about Dr. Scott's figures versus

COMSAT's figures and so forth. This is the percent potas-

sium carbonate by weight over the percent of electrolyte.
However, I would caution one thing: This data is forced
again because we assume that we had -- was it 31 percent,
Gerry? -- 31 percent potassium carbonate in all the cells
and so we ended up analyzing for the OH ions and then
coming up with a number of c.c.'s. So we are taking our
number for potassium carbonate and putting it over a c.c.
value converted to grams, using a density fiaure of 1.3
for 31 percent potassium carbonate.

If, indeed, on some of the older cells after some
cveling, the concentration is not 31 percent, then that
Censity figure is incorrect. ©But this is raking avail-
able-- I think it is rcalistic and representative of
what is in the cell. And in the future, our work will be
based strictly on a weight determination of electrolyte
and will be a little bit mcre accurate.

(Slide 172.)

More data. This is Fagle-Picher and Gulton Indus-
tries, also. The term "dry" is self-explanatory. This
was a strict determination on plates. They were not in
a cell so there was no electrolyte to analy:ze.

The next area of concern or change to this docu-
ment will be-- In here is reference to a technique for
doing nitrate determination which we cre all familiar
with, which is known as the Kjeldahl technique. We don't
do that.
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Mr. Halpert has procured a Taylor-Betz coulometric
apparatus for doing nitrate determinations so we will be
applying this technique in the future for the nitrate
determination.

The next area in this report which should be dis-
cussed is the electrochemical test as opposed to chemical
analysis. Mr. Ford and myself concocted a scheme which
we thought would be a nice way of insuring stability in
steady state data for electrochemical determination.

This is the plates in the flooded state, the
negative~to-positive ratio, the amount of recharge and
things like this.

We had a sliqght error in our original concept and
this will be the cause for the addendum to our procedure,
and I will show you what this error is and how it affects
the results.

(Slide 173.)

The error concerns how we determine the base line
canacity. Ve made a supposition which was incorrect. Ve
said all right, let's say if the cell is a nominal 12
aapere-hour cell, let's charge it up for 200 percent 24
ampore-hours, the C/10 rate before we start to determine
the negative-to-positive ratio.

That's not sufficient. It is fine for the positive
plate as demonstrated by these results here, so we will
leave the procedure as 200 percent at the C/10 rate as
indicated at the hottom of the picture.

But if you will note, we have one column which gives
the manufacturer's nominal capacity. Then we have what we
found to be present chemically in the cell, and then we
have also what we qgot out electrochemically by putting in
200 percent of the nominal, and the percent utilization.

There's a second step to this process. We do two
things essentially. One is we determine a base line
capacity which is then calculated into an equation which
are mentioned in the report which is used to perform a
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three-cycle step for getting the steady state negative-
to~-positive ratio and the ratio is determined on the third
cycle.

But if you have not fully charged up the cell in
the first place, then your subsequent data will not re-
flect what really happens and that will be obvious by this
slide. When we talk about the negative electrode, then wve
get into trouble.

o, ol

(slide 174.,)

s b R P el

This is an AE cell, G.E. 6 ampere-hour. 1It's the
one we've been following right through the sequence.

The chemically determined negative plate capacity
was 21.47 ampere-hours. ‘llow we assumed that this was a
6 and you charge it up 200 percent and that would give
you approximately 12 ampere-hours, yet the cell had 21
ampere-hours, so that is where the test was in error.

T b S & 87 AL

I
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The base line electrcchemical data for approxi-
nately 200 percent charge is shown tiwere. We nut in 13
aarere-hours.  Tle got out 6.9, or only a 32 percent
atilization.,

P

We modified the procecdure so that we charged at
C/10 until we put 400 percent in, di:charged, and we get
a 61 percent utilization.

So we will recormmend that if this procedure is
followed for determining negative-to-nositive ratio, that
you charge at 200 nercent for the positive electrode and
at 400 percent for the negative clectrode.

I believe that concludes the material I have.

YALPERT: Any questions?

SCOTT: I noticed that some of your chemically
determined positive capacities run almost twice the

rated. It scems almost like maybe even the 200 percent
charge might not he quite enough for the positive.
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WEBSTER: This is an area of ¢ nsiderat.on. How-
ever, we take this into consideratic , if you will read
the procedure, under our steady state determination. As
I said, ve run three cycles. When we run these threc
cycles we take the base line capacity and factor in 120
percent of that number.

We then put another 29 percent more in over what
we originally had determined as the base line capacity.

It's not obvious. It sounds like a bunch of
gibberish, hut if you read the procedure you will see our
sequence and our equations. And we use one to determine -~-
to give us a starting point because there is, as every-
one knows, no rclationship between the nominal capacity
and what is actually the cell, so that just actually
gives us the base line capacity.

Then we apply an inefficiency -- if you want to
call it -- factor and we charge an additional 20 percent.

RAMPEL: You said 31 percent potassium carbonate.
You meant to rav 31 percent potassium hydroxide.

e oothier thing s in char jing un the e ative for
this orocecuarae, I would definitely reconrend that rou
insert eithcr cellophane or RAI 2271 in order to prevent
the oxyagen [ron discharging the negative plate as you arc
charqging i,

WS v Thank vou, Guy.

KLII {:  On your accounting for your analysis you
said you averaged maybe ten percent nickel carhonate in
the active material.

WZiniLil: That's correct.

FLEIN: This chemical capacity nurber, what ic that
based on?

WEBSTER: Okay, thac's pure chemical; that is rnot
electrochenical. 7That is the result of following the

procedure in here for determining the cnount of actiwve
material.
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This is not black and it is not electrcchenical.
It does not take into account, let's say, utilization
or electrochemical efficiencies.

KLEIl: Okay. Does that number include tl.e nickel
active material? 1Is this a form of carbonate? ~That
includes the carbonate?

WEBSTER: Yes.

KLEIN: So on that basis, utilization of the non-
carbonate form of the active nickel would he higher c¢n
this line?

WEBSTER: 1t would have to be.

Also, last year-- I might like to clarify ovne
thing -- the guestion came up with regard to how do we
know that we have all uvf the carbonate out of the plates?
I guess it wasn't obvious what our test sequence was.

Vle go through a SOXHLET extraction and of course
vour carbonate is scluble in bot water, and we made a
study of the coxtract from the SOXILET and ve now recor-
mend a 13-hour extraction to make sure that rou have
indeed removed all of the carbonate and all the 9" from
the plates,

WADHAM: How critical do vou think it is that you
oper the cells un in an inert atmosphere before ycu trans-
fer to a SOXILET?

WEBSTER: 1It's like chicken soup. It won't hart.

YADHAM: You open it up in there and then as rapidly
as you can you transfer it to the SOXILLT in an inert
atmosphere. You don't think it would have anv deqrading

effect on your analysis?

VEBSTER: You would have to do a quality control
study on it T would think.

HALPERT: Can I clarify that for one moment?
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The plates are packed in a plastic plyofilm bag in
the chamber and moved to the SOXHLET and while there is
nitrogen passing through the SOXHLET, the bag is opened
and the plate is dropped in and immediately sealed so
we minimize to any extent the amount of-~-

WADHAM: I was wondering how critical it would be if
you got air into the plates.

WEBSTTR: How much carbon .onoxide would you absorb
as a result of having the sinter structure pass through
the air is the question briefly. I don't know.

SCOTT: As I mentioned yesterday, we took a look at
that and found that within a period of several minutes at
least, there was negligible effect on the plates but there
was a definite effect on separators. Since it takes some
time to take a cell apart and to remove the separator, 1
would think that within a period of a few min 28 you
would see a significant error in carbonate pickup in the
separators.

o found like five to ten »nercent error within five
niantes' exposure of senarators to the air.

NnHETIN:  Years ago at Goddard, an experiment was
run in which sintered plates were exposed to the air and
a solution of KOH was exposed to the air, anc the carbo-
nate contamination of the sintered plates was quite high.
The pickup by electrolytes sitting in the beaker was very
low lrecause it is a surface reaction and therc wasn't much
surface area exposed,

WADHAM: I was more concerned with what effect it
might have on the cadmium, whether that might get con-
verted to cadmium oxide or cadmium hydroxide Auring that
time.

WEBSTER: Well, in our procedure, that opportunity
is not afforded because we are in an inert atmosphere.

FORD: I would like to point out for those who
haven't already made the connection between the left-
hand title there on all these VYugraphs versus some ot the
previous discussions we've had, the nickel braised cells
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are the ones I discussed about the 24-orbit test results.
0SO cells are on test at Crane. Practically every one

of these cells is on life test at Crane, so we are making
an attempt to correlate the electrical performance with
the electrochemical analysis that we're getting.

THORNELL: On your three-capacity cycle have you
recorded capacity for positive and negative?

WEBSTER: Yes, we do. What we use is a three-
electrode sample, three positive electrodes, three nega-
tives, and we record the ampere-hours in, ampere-hours
out at the end of each cycle. And we are doing a statis-
tical analysis to see if it is really necessary.

This is a very creative and dynamic prograin and it
changes as we go along and as we've learned, and on those
cells where we had sufficient charge to take care of the
material that was actually there, we would find that the
variation between cycle one and cycle three was on the
order of one percent drift from cycle to cycle.

o

THOR!IELL: Another thing on your senaration, keep
away from ccllophane. It might cloudl the capacity on
the cadwium; it's sort of beneficial.

WEBSTER: Right now we're using-- Clint, what are
we using in there?

ok, SRR 25 K e o by

The simulator we use between the positive and the
negative when we're going to flood and electrochemical
test, it looks like a PVC grid material, something like
this that is being used at the present time.

PALPFRT: These plates are run flooded and they do

have a separation which is KOW inert. 1I'm not exactly
sure, I think Mexar, but I'm not certain about that.

Thank you, Bill,.
WEBSTER: Excuse me. There is one last thing.
I asked the fellows should I show any plate thick-

nesses and they said, "Oh, no, of course not. No one is
interested in that data."
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Then of course Jim Dunlop of COMSAT said gee, he'd
like to see some so I hurried up and made some this morning.
Let me show it,

(slide 175.)

I think the most significant thing that you can see
up there right now is-- This is an average value and no
attempt was made at statistical analysis or variation,
and things like this will be done in our X report when it
comes out on this subject, as to where the samples were
made and what the plus or minus is,

But I find it interesting to look at the 1966 his-
torical cell from General Flectric and see that the posi-
tive plate was 42 mils thick, and this is an uncycled
cell.

Also, note that we do have some growth. For in-
stance, the 0S0O-I cell 2-37 had an initial positive plate
thickness of 28-1/2 mils and the cell 1-400 shows a thick-
ness of 30 mils, and those cells experienced approxi-
mately 900 cycles, and therc's a couple of mil growth ir
the positive.

HALPERT: Our next speaker is also going to talk
about nickel-cadmium cell analysis, Ed Stofel.
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VI.1l0 CELL ANALY¥SIS: STOFLL/IIUGHLE

STOFEL: Hughes started in on a cell analysis of
the type we've been listening to about four years ago.
It started pretty much as a hobby of Bob “teinhauer's
and Al Heller's. 1t then was picked up on IR&D and
carried that way for a while, and about the last year or
year and a half, we've beren getting most of our money from
prog:am offices and to that extent, maybe we are doing
things a little bit different thatn what some of the other
people have stated here,

We live now in a situation where we're trying tc
save time and money and meet schedules and cell analysis
is here as far as we at Hughes are concerned. Maybe if
you're doing 20 cells here at Goddard you may he in the
same position, but we get asked guentions by program
managers who know very little or nothing about hatteries:
what have vou done with my money?
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And what it really amounts to is often we have to
tell him or we should tell him -- we are not always that
frank but we should tell him that we raise more questions
than we have answered.

I wanted to point that out because I think that some
other companies are moving in the direction of doing more
cell analysis of an analytical nature, not failure analy-
sis. 1 think a lot of people have been doing that for
years. But this business of trying to us cell analysis
to try to learn something, as you get into it and you
start getting funding from where the money really is in
the program offices, watch out.

(Slide 176.)

The first thing to notice about this slide, as a
matter of fact, is not even the words and the fact that
is is colored and it has the standard Hughes format. We
at Hughes have standardized on a lot of things, not on
battery cells yet, but we have on Vugraphs. Aand the
justification for this is that we can take the standard
format and reshuffle them and have another presentation
tomorrow on a slightly different subject and use these
Vugraphs all over again,

T want to point this out in particular because some
of tr. Vugraphs you'll see, as well as some other ones,
are the same ones that go to program management and try
to tell them what they're getting fur their dollars spent
on cell analysis. ‘

Getting a little bit more into detail, what we're
attempting to do first of all is better prediction of
life. #¢ believe that there is money to be made or saved,
however you want to look at it, if we can get longer-lived
bat*e .ies,

247




v e ameme s

RS o T B 4 ot

R e o

WE have yet to know of a situation of any spacecraft
that has failed because of a wear-out degradation mode of
the batteries. There have been some battery problems on
spacecraft, and I am not taiking just about Hughes; I'm
talking about generally. They have been problems of in-
convenience or problems like, I believe, the OAO or one
of the spacecraft had a thermal runaway or something like
that.

But in terms of wear-out modes we have vet to know
of a situation where this actually happened, but we worry
about it.

In general, besides predicting life, we also are
looking for those failure modes. The reason we're looking
for them is hopefully some day to come up with a better
way of designing satellites or at least specifying them.

I think the cell vendors are probably as well aware as

we are that a lot of things in our ni-cad cell specifica-
tions today, we don't really know why they're in there.
They're like chicken soup that was mentioned a few minutes
ago; it doesn't seem to hurt until you get down to asking
the cell ranufacturer whether he really reads the fine
nrint over and over again until he memorizes it, or
vhether he has time to Jdo that.

Je would like to simplify our specifications. It
would be ideal., If it means have a more complex specifi-
cation, however, to get long life, that's the way it will
have to be.

Our approach is very much like you have been hear-
ing. We examine the cells with a whole series of tests.
We write up a report, tvpically per cell, aimed at the
particular program office involved.

We also, as our own little battery section task,
compile this and try to compare notes. e have some
programs that are synchronous obviously at Hughes; we also
have some that are not synchronous. We have polypropy-
lene committed to flight on some programs. We have a
test, for example, where we have an equal number of poly-
propylene and nylon separator-type cells running at 90
degrees after they've been running for about like two
years.
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We've pulled cells new. We've pulled a pair of
cells off after 500, approximately, cycles; after
approximately 1,000; after approximately 15,000;
after 2,000. We're about ready to pull some more, so
we can get some time history from that.

We've been looking at some of the cells from the
Intelsat-4 program that Stan Krause reported on, the
electrical perfcrmance here last year, and so forth.
That's the tyvpe of data that we are looking at.

(Slide 177.)

Our procedure looks like this, as an overview. We
claim very little originality in terms of techniques. Ue
have borrowed or stolen wherever we can. I think due
acknowledgement should go certainly to Battelle,obviously
to NASA/Goddard, to COMSAT certainly, and G.T. has been
very helpful in giving us some ideas, too, on some of our
procedures.

Those are the principal ones hut we have also asked
other neonle for help.

'The war this box is snread out, this flow diavrar,
it is one that hanpens to fit the procedures the vay we
do then at Hughes. I'm not saying it is the way every-
thing has to be done. Tt just is taking the over-all
things that have been talked about here at NASA/Goddar:d
and putting them into the Hughes environment and usine
the people available.

We consider this first box very important. e have
the irpression that some neople ncglect that. e havne
found the cell nanufacturers very helnful; once ther
understand why we want to bother them by qgetting all t
dat thev are generally very helpful in jetting this on

=

0.

Our rcoresentatives at the manufacturers bopefull:”
spend most of their time and don't interfere too much
with the production people, but we have a standard fern
vhich is about three pages long, a fill-in quiz, so to
speak, per cell, giving the dectailed history and why
wo're going to be doiny this particular analysis.
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Physical measurements is fairly sirple. Ue neasure
the weight compared to the weight at which it left the
cell vendor. We measure the thickness, both in the res-
trained condition and in the unrestrained condition he-
cause we're going to use that later on in order te cal-
culate the thickness of the separator, an item which wve
feel is rather important from some of the results we've
seen.

We also look for potential electrolyte leakage at
this point.

Electrical normalization: This I suspect is a
controversial area. Our present standard procedures --
and like Dill mentioned, 1'm afraid our standard pro-
cedures are a growing thing but we have to tell our prog-
ram managers we're doing things by standard proced.res
or they tear their hair out.

But essentially our standard procedures include six
cycles to one volt as well as a full discharye recondi-
tioning. If we don't do this we can see definite cffects
0f near-~teria history when we opea up the cell. And the
vart that is controversial is should vou open up the cell
as is, and attempt to make some sense out of that, or
should you give it a reconditioning, or whatever vou want
to cell it, a normalization procedure, and do it on that
basis?

The first approach of opening up the cell imme-~
diately gives you a hope of catching the short-term
transients, that effects that are in the cell that can
easily be wiped out by reconditioning and so forth.

The other approach gives you a more basic or funda-
mental viewpoint of what the somewhat longer-term cffects
are, what we've been calling longer-term effects. We
have some reason to be suspicious that even the longer-
term effects are not so long-term.

We talk about putting a cell through an acceptance
test at maybe 30, 40, 50 cycles because it takes that long
to equilibrate. And then we take an old cell that has
been cycling maybe 2,000 cycles and we give it six cycles

Gl 1
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cycles and we say well, we've put that back into an equi-
librated position. And I suspect we have not really.

I am not telling most of you anything new when I
point out that the batterv is a very dynamic situation.
I do tell our program managers that a typical spacecraft
like an L-SAT-4 which is -- we have some larger and some
smaller-- during maximum eclipse that evening in the fall,
in the winter, has about six pounds of material up there
that are going through chemical reactions and we're ex-~
pecting that to stay in one place and it doesn't, parti-
cularly; it migrates around and does things like this.
It's a very dynamic situation.

ARG A e LR SIS SR B Al
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I think we have to be much concerned when we compare
notes with each other what we have done here. (Indicating.)

ke 8

P

.

In terms of measuring the positive capacity starred
and the pre-charge we follow what we believe is still the
COI1ISAT procedure, at least what they had in the Power
Sources Conference a few years ago, and published. We
have some questions on that but generally we are getting
reproduceat:l2? results off of that, but it depends sonme-
what on vhat you're doiny here. (Indicating Box do. 3.)

RSP

7ith regard to cell disassembly, we Jdo it under the :
nitrogen environment, a glove box. Ve keep the glove box i
about 70 to %0 percent humid so we don't get too much
evaporation. We do pull the cell apart at this particu-
lar time, separating it out into positive plates in one
package, negative plates in another, and separators in the
third. And in fact we have an allocation that is a little
bit more complicated than thet, hut that's basically what
it is.

SR et ot Ve e WEpae s T o

So when we come down here to the SOXHLET, we've teen
doing for quite a period of time separate SOXHLET's on
negatives, positives, and the separators. We take un-
SOXIILET-ed plates, two each on the negatives and two each
on the positives, and do the clectrochemical cycling on
that.

We support our analysis down here by atomic adsorp-
tion. Generally it is pretty good., 1 caution you, though,
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if you are not doing the work yourself, as we personally
don't -- we do it in other parts of Ilughes, or send it
out -- be sure you send controls along because we've had
some erroneous results.

We have also done it by EDTA and find good results
that way, too.

We do emission spec generally. On an optional
basis we do scanning electron microscopy. We do the NO,
analysis and we do a separator weight analysis.

(Slide 178.)

As a general detail on the chemical and physical I
want to point out a couple of items. We take a six-pack
of necatives. That's what goes into our SOXHLET. Ve
weigh it with electrolyte. e extract it. We then
weigh it soaked with as much water as possible, squeegee
it off to make it reproduceable; we vacuum dry it and
weight it again. And out of that we qet not only the total
weight but the electrolyte that was in there. We have a
srettvy good indication of what the void volume is. Ye
have a more elegant way of Coing void volume with vacuun
improcnation and that sort of stuff and using a chlori-
ratad diamine. Dut on a routine hasis, trying to do
things cheap, we get a good first approximation just
using water.

We go through fairly standard analysis. I think
you've heard enough about that. T won't take time to go
into detail.

Routinely, we dn, however, do check for potassium
as well as the Ol and carbonate by titration. Ye happen
to use a nH meter rather than any other indicator. We
also now are checking potassium so that our bookkeeping
all comes out. We're doinq basically double-entry book-
keeping here.

(Slide 179.)
We get results that are pretty much like what has
been reported but I want to point out that rhen you

start looking at a variety of cells you do see things that
raise questions, as I pointed out.
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This is pretty much what we see in a discharged re-
versal out. We measurz the amount of hydrogen. 1t is
only hydrogen coming off. We use a gas chromatograph.

We have been-- This is a real cell trace; this is
another real cell trace. They hoth came from the same
program. They did have different-- They were essentially
the same cells, as far as I know, when they left the manu-
facturer but they did have different cycling histories.

In this one it gives only indication of being nega-
tive limited. There was no gas coming out whatsoever,
no bubbles, no nothing.

On this one here we had a situation where this was
all hydrogen gas. It was only at this point, toward the
end, that we begin to get an indication of any oxygen
coming out at all.

I just point out that here are two cells that give
somewhat different results. We're not sure yet what it
all means but it does occur. "e have to be alert to that
type of thing.

(Slice 180.)

Another thing, we talk about the electrochemical
capacity of the plates. 'le do use a menbrane, inciden-
tally, in terms of getting our measurements.

The positive we find fairly reproduceable; the nega-
tive is dependent upon several things, depending upon
whether you have a saturated or non-saturated KOH solu-
tion with cadmium hydroxide or not. As you cycle these
things more than one time in a beaker, the capacity moves
in. But we also see in some cases, a step -- Font talked
a little bit more about this last year at this conference,
what that step might mean.

But the point that we want to point out is that as
we cycle it a couple of times, it goes from this to that
condition. What does that mean? What value should we
Plug into our life predictions in terms of using what we
would say to some extent is a conventional approach in
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life predictior of saying what's the utilization of all
this?

(Slide 181.)

This is pretty straightforward. Incidentally, in
both the positives and negatives when we do our cycling
in a beaker we do it under a nitrogen atmosphere. Bcb
Steinhauer reported this at the Electric Chem Society a
few years ago.

This is pretty straightforward. The available pre-
charge we feel is very sensitive to the immediate past
history of the cell and so is the unavailable precharge,
the ratio of these, the amount that you pick out, one or
the other. It is also dependent upon the rate that
depends upon some crystal structure items I will touch on
briefly.

This is obtained by subtracting one number from
another 80 it really depends upon what electrochemical
measurement we get. And in that Vugraph I just pointed
out before with the double plateau, which plateau should
we take as the end point?

lle've ¢otten into somc discussions of the physical
chemistry significance of the two, and so it goes.

Sometimes we of course find cadmium out on the
separator and elsewhere, and so that is a way of account-
ing for everything.

(Slide 182.)

Here is a familiar looking Vugraph. I didn't know
it was going to look all that familiar. But when you open
up a cell on the East Coast it lonks pretty much some-
times like when you open up a cell on the West Coast.

This scale is wrong. I will correct it before I
turn the notes in. That should be a tenth of a milli-
meter. I got carried away with the zero and since these
Vugraphs were made up while I was already on the road I
didn't get a chance to catch it.
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But it's about the same size crystals that I think
I picked off of Van Ommering's Vugraph.

When I say "top view," this is the view of the
separator when you look at it microscopically on the
general area, the surface area of the electrode. If you
take the electrode which we routinely do, and breuak it
like so (demonstrating), that leaves you a broken surface
exposed and it is undeformed other than indention, and
it is a nretty weak indention.

You look at it in cross-section, so now you're look-
ing at what had been the visible surface hefore. It is
just represented by that line, and this i: the broken sur-
face.

The same is true here and if you see that this is
submicron-sized particles, this all down in here is suh~
micron, but here you have the 20, 30, 40 micron diameter
boulders right at the surface and only at the surface.

If you come in with an EDAX and sit here for a while
and take an I-rav scan of your niclel-cadnium ratio herc,
oo and here, you sce that the cadnmiun has gone down here.

I will not trulr nake a prediction that this is cood
or bad to the surface bhut once this layer is built up we
don't see it changing all that muen with time. It is not
necessarily bad.

I do want to make sure that all of us who are using
37 recognize that this is a very powerful tool. 1I've
used SI! on a lot of things for six .r seven vears now, I
quess, ever since it came out., and I've seen the reaction,
what these beautiful pictures do to the program manager
who doesn't really know what they mean.

And I hope Van Ommering will take this as advice,
but be very careful when ‘ou say this is terrible, hec-
cause it is not necessarily terrible.

I was telling Jim a little bit of my cxperience many
years aqgo v'.2n we were looking at integrated circcics
and ali hell would break loose at what was really very
normal Jdevices, just because microscopically they loolked
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more-- It's a situation of looking at the playmate of
the month now with a microscope and finding out she has
s¥in blemishes. You know, suddenly she is terrible where
yesterday she was beautiful.

So be careful on that or we're¢ going to be chasing
an awful lot of false information.

(Slide 183.)

With regard to your cadmium migration generally I
just want to point to this as renresentative. It is cer-
tainly not the only way we see things.

This is a positive plate. This is a separator
that was next to the positive plate. It is much darker
on the other side. That had a perfectly good charge
retention or did not have a short,.

I might also point out that -- not microscopically,
it would be on a fine scale =-- the dimples in the posi-
tive plate are reproduced. Here they are reproduced as
light material. On other cases we have scen then where
the daimnles were reproduced on dark material with the
space in lLetwoen being light.

We think, as I said before, that the amount of
pressure on the separator is very important, or the amount
it is compressed, however you want to look at it.

I might point out also that there's a band here that
has less migration. There's been discussion about
whether things are sticking up down at the bottom more
than they do at the top. This we have found on sone
cells but it is certainly not universal. In fact, we have
found it reversed on some cells.

I suspect that pressure might be more important than
qgravity. The dryness of the cell probably plays a role
in all this.

(Slide 184.)

Where we have been what I would say successful in

answering pretty much questions to the program manager's
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satisfaction is when we have had a problem. Here's an
example of a problem area.

We had a cell. This particular cell was one that
passed all of our usual electrical leakage tests, C/1l0
for five minutes, holding up the voltage and all that
sort of stuff, and we did not find anything wrong with
it until we were monitoring the voltage on the shake
test which we normally do. I suspect i;any of the rest
of you people do also.

And we saw a glitch in the voltage and we went back
and tried to reproduce it, and when all was said anu done
we pulled the cell apart, being very careful to find out
where this possible short might be. We have techniques
for that but I won't take too much time since I'm sup-
posed to hurrvy.

But over-all, what I'm saying is apparently from the
manufacturing this one out of a hundred or one out of
200 and so forth occasionally slipped by. It had some
material that got compressed on its surface and under
vibration apparently it was being able to just barely
force its way throuch the seonarator.

This is a very satisfying thing to show to a vrogranm
manager, and then he comes along and says, "Does that mean
we should reject the cell?"

Well, this sort of thing happens very infrequently.
e have one of our statisticians kind of looking at this
type of thirg as a hobby, but he really doesn't know what
to do with it. And if anybody has got some ideas I'd
be happy to talk to them at the coffee break because it
is the type of thing that the program manager wants to
do. Ille wants to get the Quality people in right away.

I think what it might tell us as battery specialists
is that some of these shake, rattle and roll tests that we
do are probably worthwhile to keep on eye on when they
do pick up things like this and say, "Aha, maybe it is
successful."”

T see some of my customers here staring me in the
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facec and they are probably wondering, "Gee, how maiy get
by without picking them,” Lut I don't f{rankly know. I
may not be as reassuring as vou'd like but we're trving.

(Slide 185.)

llere's another situation, a little édifferent one.
This one did not pass charqge retention. It just barely
didn't pass charge retention-- Fxcuse rne. I'd hetter
be careful. It just barely did not pass the short test.
And looking at it very carefully, meaning that we pried
things apart one plate at a time, we realized that the
voltage we were monitoring on the cell, the cell package,
changed and we knew that we had the right plate.

e looked at it with the 5E!l and found a narticle
in there and did an Y-rav scan and found copper in there.
1t was in impurity that had somehow or other gotten onto
this one plate somewhere in the manufacturing process.

We did talk to the manufacturer about it. Ie expressed
concern and hopefully has cleared up the matter and it
won't haswen acain.

"o in concluzior I would lite to sav that +we at
Tughes take the cell analysis very sericusly. UWe anpre-
ciate all the work that has been doni: at the various
agencies or COMSAT where the techniques have been de-
veloped. We mostly are a user in that case bhut generally
we're kind of pleased.

The only problem is that we often raise more gues-
tions to our managenient than we are able to answer.

WADHAM: In vour reconditioning procedure before
vou test the cells, you say to abuut six cycles to one
volt. WHow on most of the current satellite desiars
this is an impractical thing to do on the spacecraft.

llow can you justify examining the cell which is
being reconditioned in a way that it is not possible for
the cell to see that sort of reconditioning on the space-
craft? Surely we're interested in seeina what the cell
looks like under realistic conditions, what would be
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happening on the spacecraft.

STOFEL: That's a good question. First of all,
there is some question in my mind whether or not one can
discharge a bhattery to one volt safely in a spacecraft.

I don't think that's impossible by any means, but more
importantly, what does all this analysis mean? What does
a chart like this mean? Where do those numbers come from?

(Slide 181.)

The precharqge is measured after we have completely
discharged the cell. We don't do that intentionally in
the spcaecraft so that's already-- To get this kind of
number we have done something to the cell that we don't
do in space anvyhow. And this is why I say it's contro-
versial.

What does the physical chemistry of what's happen-
ing-- Why do we want precharge in there is the first
place? The fact that we can change precharge so readily
by just going to deeper cycles like this I think are cues-
tions that I can't answer at this time.

But with reaard to whether we should be doing it --
iote -~ like we do on a spacecraft -- unquote -- we don't
pull cells apart in the spacecraft. There is no way that
we can destructively analyze :hese cells and be able to
say that it is like we do in a spacecraft.

Now among things that I did not mention, for example,
we're very much interested in non-destructive testing.
The comments yesterday with regard to looking for state
of charge using the AC impedence basically is what amounts
to a phase shift. You look at phase angle instead. But
we're going back and looking at that fairly seriously,
not as a state of charge indicator but as an indication --
as a diagnostic tool.

We've just about completed all the mechanical de-
tails, O-ring seals and things like this, that we can
take a standard battery that is normally ready to fly
in space and puncture a hole inside of our nitrogen cham-
ber, put a reference electrode down in there and help
settle some of the questions that are raised by this
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‘by this pre-charge measure; things like this.

But there is no way that I know of, or the techni-
ques that people generally are using, that you can say,
"Gee, I want to do it like we do it on the spacecraft."

Your point is well taken and I've heard it very many
times from our program management people, and we go round
and round and round on that.

WADHAM: I don't think the point about measuring
available pre-charge on the discharge cycle-- Obviously
you have to discharge the cell to do this. I don't think
that point is relevant because in the worst case, what
you're interested in in the spacecraft is when is your
cell going to go into reversal; what happens when it goes
into reversal? And this is the point when one cell goes
through that discharge cycle.

Another thing is I've given stand curves which show
quite distinctly on all cells that you keep on discharging
one volt or a half a volt a number of times, and it is
well-known and it has been discussed here before that if
you keep on discharging the one volt, each time you dis-
charge to one volt you get a little bit of improvement
but that first discharge curve is for real; the first one,
when that cell maybe goes first into reversal, that is a
real curve. It's not an artificial one.

STOFEL: You know you are welcome for you and I to
discuss this at any length. I think I am being pressed
here though is what it amounts to.

HALPERT: I am going to turn the program over to
Tom for his session on new developments.
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VII NEW DEVELOPMENTS IN BATTERIES: T. HENNIGAN/CHAIRMAN

HENNIGAN: We have a special trust here this after-
noon, Bill Harsch, who is going to talk on three things all
at the same time, 2l-hour per pound ni-cad, nickel-hydrogen
development, and electrochemical impregnation, in particu-
lar the Bell process.

HARSCH: I'm going to be rather brief this after-
noon., I have to catch a plane, and if you miss the only
one to Joplin, there isn't another one for a month,

VII.1 20 WATT HOUR/POUND NICKEL CADMIUM CELL: HARSCH/E-P

I want to start out with our recent developments in
nickel-cadmium, that is, the light-weight, 20-watt-hour
per pound nickel-cadmium. The development program was done
with Philco-Ford Corporation, the cells that we are building
and have built for use on the NATO-3 satellite.

(slide 186.)

Briefly, this is the cell configuration. It is
2.97 inches wide, .88 inches thick, and 4.5 inches to the
top of the cell case with an over-all height of 5.0.

(Slide 187.)

This is a summary of the design details or cell
characteristics,

It has a nominal positive capacity of 23 ampere-
hours and a nominal negative capacity of 38 ampere-hours.

We have a required ratio of 1.35 to one, and the
nominal ratios on the flight cells are 1.6 to one. Operat-
ing pressure is a maximum of 75, and so on and so forth.
The cell weight, the nominal cell weight is 583 grams,
which corresponds to 23 watt hours per pound.

(Slide 188.)
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FIGURE 186
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Again, here's a summary of the weight figqures. The
positive weight is 210, the negative 216. Electrolyte, 74.
Cell case, 58. Cover,l6. Separators, nine, which is 583
grams or 1.282 pounds.

(Slide 189A, B, C, D)

I have some characteristic data at the various tem-
peratures, namely, 30, 40, 70, and 80 degrees F. Rather
than go through those, I think I'll just leave the Vugraph
and if you're interested you can read it in the minutes.

These cells are qualified now. We've run through
the qualification tests. We have built the first few
lcts of flight cells that have been delivered to Philco-
Ford.

Philco-Ford is taking these cells and packaging
them in a 20-cell battery.

(slide 190.)

This has a packaging weight of five percent and a
total battery weight of 26.87 pounds, which corresponds
to, I believe, ahout 21-1/2 or 22 watt hours per pound.

Okay, I'm ready to change subjects.

Any questions on this particular matter?

COHN: What sort of cycle life are you driving at?

HARSCH: Do you want to answer that question?

HAAS: Haas, Philco-Ford.

A seven-year sequerce orbit. We are currently
running life tests. In about a year we will have the
back-to-back eclipse season data for about seven years.

COHN: And what is your maximum depth of discharge?

HAAS: The maximum as directed by the customer is
J percent., It's a military-type satellite.
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VII.2 CONTINUOUS ELECTROCHEMICAL PROCESS: HARSCH/E-P

HARSCH: I'm going to talk about the continuous
electrochemical process.

The process itself is the Bell process that has been
described before at this meeting, and at some other meet-
ings around the country so I will not go into the actual
chemistry of the process. I believe everybody knows how
it operates.

In particular, what I would like to show is how you
take this process and put it into a continuous process
and manufacture cells and batteries.

Western FElectric has awarded us a contract to set
up the electrochemical processing equipment and to manu-
facture batteries for “se in the Bell Telephone system.
The battery that we are presently building at AP is a
five-cell, 34 ampere-hours sealed nickel-cadmium.

May I have the first slide?

(Slide 191.)

The process starts, of course, with the making cf
the raw sinter material. This slide here shows the sinter-
ing furnace and the slurry technique used in the contin-

uous process.

As the plaque comes out of the furriace it is rolled
and then run through cur coining operation which coins

the specific size plate that we're going to impreqgnate
and also attaches a tab to each plate but ma intains it in
a roll.

Next slide, pleasec.

(5lide Q2.

The rolled plaque with the tabs attached 18 nlace




on the impregnation equipment. The plates enter the
trough through a slotted spillway and as they come
through, there is a carousal, a cammed carousal which
picks up each individual tab to make an electro-
connection.

The boiling nitrates are held in an insulated tank
and are continually circulated through the irpregnation
trough. Temperature and pll are continually -- are con-
trolled automatically.

The current thien is passed through the piaque in the
impregnation trough and the carousal indexes itself every
so many minutes, according to the amount of pickup that
we want.

(Slide 193.)

These are the storage tanks with the boiling solu-
tions. The solutions are continuously run through the
trough which is up here on the carousal. The te. pera-
ture, pH, and what-have-you are automatically adjusted
over at this end.

(Slide 194.)

What you can see in the corner here is the wheel
with the sintered material and tabs attached. It is fed
in through this slot in the trough. This cammed carousal
clamps each tab as it is going through, and it runs in
for a given distance and stops and then indexes every two
to four minutes with current being passed through it.

Then it comes out the other end back here.
(slide 195.)
We have our operator adjusting the rates. This

gives you the other angle of the machine as it is coming
in this part of the carousal and out the other side.

Next slide, pleasz.
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Finally the end roll, which is the impregnated plaque.

At this point that roll of impregnated plaque is
transferred to a formation machine, which I don't have
pictures of. It is a very similar arrangement as the
impregnation where the plaque is picked up again and made
an electrical connection, it's passed through the various
tanks, charged and discharged, washed, scrubbed, and finally
passes through an oven and dried.

At this point the plaques are then cut into plates
and grouped for cells. Next slide, please.

(Slide 196.)

This is a slide of the cell testing. Now that we
have them in cells we are testing, using cold plates. And
1lso we have individual charge/discharge circuitry to auto-
matically cut the cells in and out with their own timer.

(Slide 197.)

These are the cells. The battery itself is a 5-cell
pack. The five cells are electrically connected in series
using a bolt-on type intercell connector. Next slide,
please.

(Slide 198.)
The 5-cell pack is then put between molded plastic
restrairing plates and slid into a stainless steel can.

Next slide, please.

(Slide 199.)

This is the completed battery here ready for shipment.

If there aren't any questions on that I would just want to
show for the benefit of you people-- Is there a question?

CORBETT: Are those Ziegler seals?

HARSCH: A modification of the Ziegler seal, ves.
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VII.3 NICKEL HYDROGEN CELLS: HARSCH/E.P.

For the benefit of the people who were at the Hughes
design review last week, Hughes and their design review
with Wright-Patterson Air Force Base, Don Warnock.

And in that review they talked about cylindrical 50-ampere
hour cell that they had desigred and were in the process
of building.

(Slide 200.)

These cells are built in conventional laboratory bombs
mainly because the lightweight hardware was not available,

Basically the plates are what they refer to as pine-
apple shape. They have a rather large hole in the center.

Can we have the next picture on, and we can see tne
plates better,

(Slide 201.)
Howard Rogers said they were a half a bagel.

The electrical connection of the plate is made inter-
nally. Here's the tab material and the various separators.
It's a little hard to see on the photograph, but there's
a mandrill, a plastic mandrill here that has the shape of
the separator and the plate. The plates are slid in the
mandrill] and built into this stack, like this. (Indicating)
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There's a given amount of compression put on them by
the end plates. The terminals here are rather long, to ac-
commodate the container. They weld right to the top of
this case.

Can we have the next one, please?
(Slide 202.)

Basically the pack configuration looks like this. And
eventually this pack will go into a cylindrical container,
a thin-walled cylindrical container with terminals coming
out the top of the cells.

We now have the tooling -- I think it is finished =--
and we will have the capability of building the lightweight
hardware within another week, at least using Inconel 625
or Inconel 718 in deep-drawn thin-walled containers of
about 20 to 25 mills.

There's only one other thing that I wanted to show on
those two slides there.

(Slide 203.)

This, of course, most of you recognize as being a
COMSAT design, of which we are delivering cells, I believe,
this week. 1It's COMSAT's Inconel can with a single termi-
nal. And on this versus the other design, the only dif-
ference is the way the plates -- the shape of the plates
and the way they're mounted on the center rod. They nave
end plates also, which are slid into the bomb.

This is the completed cell here. This is the final
cell configuration.

That's all I have.
HENNIGAN: Any questions?
BETZ: On the electrochemical impregnation, is there

a substrate? You're actually sintering -- I should say
sintering using a slurry method, did you say?
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HARSCH: Yes, that's right.

BETZ: What's vour substrate material?
HARSCH: Nickel mesh.

BETZ: You're not using a perforated sheet?
HARSCH: No.

BETZ: Question No. 2: Do you use the electrochemi-
cally impregnated plate in the nickel hydrogen?

HARSCH: We haven't yet, simply because we're trying
to get into full production for Western Electric and make
deliveries on the committed batteries.

HENNIGAN: Any other questions?

(No response)

HENNIGAN: Thank you, Bill. You can catch your air-
plane now.

Our next speake. is Howard Rogers from Hughes Aircraft,
who's going to talk about absorption of oxygen on the
nickel electrode. This has to do with nickel hydrogen
cells.
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VII.4 CHEMISORBED OXYGEN IN NI-H, CELLS: ROGERS/HUGHES

ROGERS: I might make one comment considering the
last question that was asked on the electrochemical pro-
cess, The Tyco cells that were made for us on the Air
Force program were electrochemically impregnated on the
same equipment that Eagle-Picher is now using. And these
cells we have tested, which are nickel-hydrogen cells.

(Slide 204.)

I'm going to be talking about what we refer to as
the chemisorbed oxygen in nickel-oxygen cells. I did a
short series of experiments to find out what were the con-
ditions of formation. We wanted to know something about
the thermal, particularly the thermal, and also the electri-
cal phenomena that were associated with this chemisorbed
oxygen.

We defined chemisorbed oxygen simply in electrical
terms as that capacity between 1 and zero volts; in other
words, we simply took the cells down into reversal and
measured the capacity between 1 volt and zero volts.

(Slide 205.)

This is a typical capacity test. And this is repre-
sentative of almost any of the nickel-hydrogen cells we
have tested thus far. What we did was to discharge the cell
at a C/2 rate down to zero volts. We then changed to a
C/10 rate and continued the discharge down to zero-volt level
and sometimes beyond.

Had we continued the discharge at the C/2 rate, the
dotted line shows what it would have looked like, and has
looked like. That is not theoretical, that's an actual
line.

You can clearly see that there's a step at the C/10
rate as a prime function of this. And it's also quite
simple to measure the capacity.

(Slide 206.)
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The cell used for these experimental runs wace an ERC
50-ampere hour boilerplate cell, and was equipped with a
stack thermocouple at the center for temperature measure-
ments.

We made four runs. The first one is what we refer to
as the base run, the charge rate of C/10. 1t was a l6-hour
charge. And the discharge rate was kept at C/2.

The second run involved the same exact technique, with
a 24~-hour delay between charge and discharge.

The third run we stepped up the cha.ge rate to the
C/2 level to improve charge efficiency. But there was no
overcharge. We simply calculated the amount of charge
based on the actual capacity of the cell.

Finally, the fourth run: we simply cut that value in
half. So we got essentially half charge.

The cells were run essentially at room temperature and
they were actually externally cooled. And they were taken
into reversal.

(slide 207.)

Now I think the primary, the most important thing to
see on this particular slide is the temperature, and that
is the internal stack temperature, where we got a 24-degree
rise in temperature primarily during the time that the cell
went below 1 volt.

You will notice at the C/2 rate you don't see that
clear a plateau. But there's obviously something happening
between about 1 volt and three-quarters of a volt.

Let me see if I can superimpcse the next one, which
involves a delay.

(Slide 208.)

I think the most important thing here, while we did get
some loss in capacity, we lost most of the plateau around
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.9 volt level, or .8 level. %c got some temperature in-
crease but nowhere near as mucih, particularly if you look
at the area under the curve.

(Slide 209.)

Now as I mentioned, in the next case we gave the cell
a C/2 charge, not a full charge but exactly the full ampere
hour rating of the cell. And, if you notice, there's a
distinct plateau around .8 volt and a substantial tempera-
ture rise, indicating the chemisorbed oxygen effect.

(Slide 210.)

If you compare this to the one where we charged only
approximately half-way, we got no plateau that anyone could
see, and a very small temperature rise.

(Slide 211.)

Now to summarize the results: the amount of chemi-
sorbed oxygen we saw was up to 20 percent of the normal
capacity of the cell.

The formation of this chemisorbed oxygen is obviously
connected with the state of charge that you reach. We
found that it was generated both at C/2 and C/10 rates. And
we got a very large reduction when we had a 24~hour period
between charge and discharge.

If you look at what point in the charge cycle oxygen
is being generated, we can definitely associate this pheno-
menon with that generation of oxygen.

Finally, the voltage range of this chemisorbed oxygen
appears to be .8 to .88 volts,

(Slide 212,)
Conclusions from this would be that at the normal dis-
charge rate we get a significant amount of self-heating in

the stack. 1It's probably fast enough to avoid much of a
vapor transfer problem due to the heat, but that one could
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CONCLUSIONS MUgGHES.

o AT NORMAL DISCHARGE RATES, PRODUCES SIGNIFICANT
SELF-HEATING IN STACK

® PROBABLY FAST ENOUGH TO AVOID MUCH WATER VAPOR
LOSS

® POSS!BLE CUMULATIVE CELL DAMAGE FROM HEAT,
ESPECIALLY WITH NYLON SEPARATOR

® MAY PROVIDE ADDITIONAL CAPACITY IN BATTERY
® SIGNIFICANT EFFECT ON MAXIMUM DESIGN PRESSURE AND
USE OF PRESSURE AS STATE OF CHARGE INDICATOR

{CHEMISORBED OXYGEN CAUSES EQUIVALENT INCREASC
IN HYDROGEN PRESSURE)
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worry about damage from the heat if you had, say, a nylon
separator.

It can provide an additional capacity if you have a
series of cells, because it does involve some additional
capacity with a small voltage drop. That, of course, is
assuming we're only losing one cell, or one cell loses
capacity. And there is a very significant effect on the
maximum design pressure of the case, and the use of pressure
as a state of charge indicator.

One of the advantages of nickel-hydrogen is certainly
going to be associated -~ certainly is going to be affected
by chemisorbed oxygen. Because you do get an equivalent
increase in hydrogen pressure with the oxygen you store.

Thank you.
HENNIGAN: Any questions?

COHN: I missed something somewhere. Where do you get
the absorbed oxygen? What evidence do you have that it is
absorbed oxygen?

ROGERS: I don't. And I think I pointed out in the
beginning that I was merely using it as a definition.
People have talked about it that way. And I simply defined
it as that plateau.

We made no attempt in this to prove whether it was
or wasn't; we were interested in the effects.

CORBETT: Is what you describe peculiar to the nickel-
hydrogen cells, do you believe; or is it the same thing
we've been seeing in Nicad cells for a long time?

ROGERS: I tink it's the same thing,

CORBETT: I was wondering, then, why this hasn't come
up in the coulometric literature published by various
people, why that hasn't shown up. It sort of hits me cold.

ROGERS: I don't know. It certainly has appeared here.
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And it has been very obvious. There's no question about it
being here. I really couldn't answer for what's in the
literature.

DUNLOP: Which positives were those?

ROGERS: The positives here are ERC plates. I guess
they're Gould plates.

We have seen this, incidentally, in the Air Force
cells as well, which were the Tyco electrochemically inpreg-
nated plates. It seems to be very similar.

HENNIGAN: Any other questions?

(No response)

HENNIGAN: The coffee has arrived, so we'll take a
15-minute break. We do have two more presentations after-
wards, one by Stokel from COMSAT on nickel-hydrogen and

Parry on inorganic separators.

(Recess)
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VII.5 NICKEL HYDROGEN CELL TESTING: J. STOCKEL/COMSAT

Joe Stockel of COMSAT who's going to speak on the
nickel-hydrogen cell testing,

STOCKEL: Gentlemen, today 1'd like to give a short
summary of some of our nickel-hydrogen testing. May
I have the first slide, please?

(slide 213.)

This is the inside of a 50-ampere hour nickel-
hydrogen cell provided to us by Energy Research. As you
can see here, the stack is mounted to the dome here by
four tie rods and the negative and positive feed-throughs
are through the top here.

This was put into an electroform nickel can.
Recently we've sort of gone away from the electroform
nickel can and to Inconel-718 cans. The feed-through
goes -- one feed-through out the top and one through
the bottom. The internal mounting I believe will be
essentially the same.

(Slide 214.)

This slide shows the design that COMSAT is currently
pursuing. As you can see here, this of course is the
pressure vessel. And we do have the Ziegler seal here at
the top.

The positive feed-through here is right here. And
the current is actually collected at a bus bar arrangement;
which you probably can't see too well here; as opposed to
some design where they actually take and bend each tab
from each electrode.

In our new design we're actually going to have a
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feed-through out the top and out the bottom.

The cell is held in pressure by these plastic end
plates, with a tie rod down through the center.

(Slide 215.)

This slide chows some of our cells on test. Actually
we've been using a water bath to control the temperature,
and we run the cells -- we do control the water in the
bath at 20°C.

You can see most of our cells do have pressure gauges
on them, and these are the lightweight cells in the bath,
and the ones over here are some of our small boilerplate
cells.

(Slide 216.)

This slide shows some discharge, end~-of-discharge
voltages and end-of-charge voltages for the small boiler-
plate cells. These cells were -- they all had SAFT-type
positive electrodes. On the ones you can see here, we did
use polypropylene as a separator, and it didn't go any more
than about 12 or 13 hundred cycles. And these were at a
deep depth of discharge. They were on a 3-hour cycle about
85 percent depth of discharge, with about a 15 percent over-
charyge.

Now the polypropylene, as you can see, did not do too
well., Ve took it out of the cell and looked at it, and it
just would not absorb any water whatsoever.

The nylon cells did run to about 1500 cycles. There
were two of them. And, once again, both of those failed,
as you can see by the indication of the end of discharge
voltage and the charge voltage rising. The impedance
check on the cells showed that the impedance had gone high.

I did take one cell apart. I opened it, I should say.

And I refilled it with electrolyte and put it back on test,
and it's well over 4000 cycles now.
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The cells with the fuel cell type separator, the KT
and the asbestoes, seemed to run fairly well. And to date
now they're still going, and they have well over -- just
about 4000 cycles on them. Once again, they're at the deep
depth of discharge and 15 percent overcharge.

We also ran a cell -- I don't have it shown here -~
that did have electrochemically impregnated electrodes
with a nylon separator. Now that cell ran 2000 cycles,
which we stopped for reasons that -~ well, it didn't fail;
we had to stop it. An examination of that electrode showed
that it did not expand whatsoever. And I think that's
pretty significant that we were able to run the electro-
chemigal impregnated electrode with the nylon separator and
have it run that good.

Next slide.
(slide 217.)

This next slide just shows some of our 50-ampere hour
lightweight cells that have been running since probably,
I hink they were started about the beginning of this year.
They are the 50-ampere hour, they're run at 60percent
depth of discharge.

We had run this cell, this particular cell, on a
3-hour cycle with a 10 percent overcharge. It had the
electroformed nickel can, and the stack was actually put
together at COMSAT and delivered to Energy Research and
put into their electroformed nickel can.

The negative electrodewas from ERC, and it was a
SAFT-positive, and there was a nylon 2505 separator. To
date that cell has about 1600 cycles on it.

But what we did do right here, this curve here, we
did change from a 3-hour cycle to a 6-hour cycle. It ap-
peared that the 3-hour cycle was overstressing the cell
somewhat: they were getting fairly hot. So we did switch

over to a 6-hour cycle. The next slide is another cell.

(Slide 218.)
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It is similar to that, as you can see. We did run it
on a 3-hour cycle for a while and did switch over to a
6-hour cycle. The performance is, as you can see here,
fairly good.

(Slide 219.)

This data was taken just from a 50-ampere -- from our
lightweight cells, both the 35 and 50 ampere hour cells.
These are early in life, about the first or second discharge
cycle. And it just shows the difference in the separators
that are being considered: the nylon, the asbestoes and
the KT. And, of course, nylon does give the better dis-
charge performance, with the asbestoes falling somewhere
in between the nylon and the KT.

I guess that's about all.
HENNIGAN: Any questions?

HAINES: How many cycles do you have on this thing
now?

STOCKEL: Well the two cells that I showed up there,
like I say, they have about -- they are 50-ampere hour
size, and they are running 60 percent depth of discharge
and 15 percent overcharge on a 6-hour cycle. And one has
1400 and the other has about 1650 cycles on them. And
they are running in that temperature range.

Those were the first two cells.

KLEIN: I guess they were about a year old?

STOCKEL: Exactly. They'll be a year old in January.

HOLLECK: Joe, I was wondering, I don't know whaether I
saw that right. There's one asbestoes cell. It looked to
me like it had a void around 1.1, on the slide where you

had the polypropylene failing.

STOCKEL: That was KT and -- well, asbestoes was in
there, very close.
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HOLLECK: I was wondering why that appeared to be even
much lower than this one.

DUNLOP: The problem with the boilerplate cells, in
those we used leads that have a fairly high impedance. 1In
the 50-ampere hour cells we have a tab design and the
impedance is significantly lower. But in the boilerplate
type cells there are fairly small feed-through terminals
and wires and they cause a fair amount of drop.

STOCKEL: All these cells do have the plastic type
pressure seal. We've had very good luck so far with these
seals in the nickel-hydrogen cell. And we did -- as I guess
was mentioned before, we did supply these seals to JPL. And
we are interested in the technology. And if anyone is
interested in acquiring any, or any more information on it,
I'l1l be glad to talk to them if they will contact me.

HENDEE: On your life test, especially the polypropy-
lene separators that failed out a little early, did you
have that plate stack spring-loaded or was it a fixed pres-
sure?

STOCKEL: That was only what we call a single electrode
cell. It only had two electrodes back-to-back. To date we
only have one cell that has asbestoes in a large multi-
electrode stack runnin.

HENDEE: 1Is that spring-loaded?

STOCKEL: No. None of them are.

HENNIGAN: What kind of polypropylene was it?

STOCKEL: 1 think it was Pellon. We had Hercules
around, but Ikelieve that was Pellon.

LACKNER: On the variations in tae voltage on your dis-
charge curve, what is it that causes that different voltage
drop? 1Is it the amount of electrolyte, is it a resistance
in the separators?

STOCKEL: Yes, I believe it is.
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LACKNER: Which? The amount of electrolyte?

STOCKEL: No; the resistance in the separator. They're
all loaded-- These cells are loaded differently than the
nickel-cadmium,

When I load a cell I will pull a vacuum and then com-
pletely flood the interior of the cell, and then remove the
electrolyte either by charging the cell or by pulling a
vacuum, or in some way getting the excess back out.

LACKNER: Now, rather than taking the polypropylene
separator, all the different separators you get, if you had
asked the separator manufacturer -- and there are a number
of them -- to give you a particular resistance value, then
you may not get into a case where you say polypropylene or
asbestoes or KT is up or down, and there may be some other
characteristics you would want with those three.

This may be a point to look at.
STOCKEL: Yes,

HAINES: Did you extract that polypropylene? 1In
other words, did you extract the wetting agent out of it
before you used it?

STOCKEL: No, I did not. I used it as I got it.

KLEIN: I was going to make a comment on this point
of the different resistances in the separators. 1It's a
question of the pore size and the pore size distribution
that is drastically different between the asbestoes or
potassium titanate and the Pellon. So the tortuosity
factor is much greater. And actually, even though we pay
that resistance penalty with the so-called fuel cell grade
materials, we think that's favorable because having as fine
a pore size may retain the electrolyte seemingly better
than the open mesh woven materials in this application.

LACKNER: That may wellbe true. But I think if you

will check with Dr. Landems at Wright-Patterson -- he did a
lot of work with aircraft batteries, and he could actually
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get -- it was RAI in this case -- separators anywhere from
10 milli-ohm to 60 milli-ohm, depending upon what he wanted.
It was a question of engineering them to the application.

Polypropylene can do the same thing. We can engineer
it to the application., And it isn't that-- The tortuosity
is whatever it happens to Le.

Now if you're unhappy with the tortuosity you can

still make some changes. 1It's a guestion of communication
with the manufacturer.

HENNIGAN: What I would like to do is get into the
next speaker. And after that you're welcome to stay here
and discuss any topics that you want.

Our next speaker is John Parry from Arthur D. Little,

and he's going to talk on inorganic separators for the
silver-zinc cells.
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VI, 6 INORGANIC SEPARATORS FOR SILVER ZINC CELLS:
J. PARRY/A D LITTLE

PARRY: I want tQ describe briefly some work we've
done for NABA on the organic separator of the silver-zinc
cell. Essentially this is a follow-on to a paper that
John Bozak of NASA-Lewis gave at the workshop last year,
where he described some of the details of the structure of
this particular separator. )

(slide 220.)

I would like to say quickly that the objectives of
our work were to identify those factors and mechanisms that
give the separator its good characteristics in the silver-
zinc cell. 1I define those good characteristics as good
conductivity and effective barrier capability to silver
diffusion, and relatively long life.

OQur approach to this was to look at structure, pri-
marily with the scanning electron microscope. And since it
was described last year in a fair amount of detail I don't
intend to repeat that.

We looked at diffusivity, we looked at conductivity,
we looked at transport numbers, and we looked at silver
migration and retention to see what we could understand
about this separator.

(Slide 221.)

I would like to remind you of what this structure
looks like., It consists of asbestoes, which is used in
practice in the fcrm of a bag or envelope and lightly
coated with polyphenolene oxide which gives it an extra
degree of resistance to potassium hydroxide. This is coat-
ed with a mixture composed of the 3420-25 powder. This is
a zirconia prepared in a proprietary manner. Some
potassium titanate needles and polyphenolene oxide and a
polyvalic plasticizer, which is a commercial plasticizer,
Emery Industries' P9-750 which, as far as I can tell, is
composed of some high molecular weight di-carbasylic acids,
All this is mixed up in chloroform to create a slurry
for coating the asbestoes.
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I think I should point out at this point that the
plasticizer is not a plasticizer per se. When the chloro-
form comes out the PPO and the plasticizer are, to a large
extent, immiscible, they do segregate when the solvent dries
out.,

I want to draw attention to this particular point at
the bottom, the cuticle, since this will appear in some of
the tables that I'm going to show.

This I interpret as the skin, which is entirely the
organic component, as opposed to the 3420-25 powder KT
which forms on the surface ¢f this coating when it dries
out. And what I'm going to try and show ies that most of
the attractive properties of the separator derive from the
cuticle and not from the inorganic components.

(Slide 222,)

Since what I'm going to do is throw a lot of numbers at
you I think it's only fair to put up the principal conclu-
sions first, and then perhaps the numbers will be alittle
easier to digest.

As I've already said, the attractive characteristics
of the separator seem to derive from the organic components
and not the inorganic. So that the "inorganic" title is a
misnomer. But I would suggest that we retain it because
we're at least familiar with it,.

The barrier properties actually derive from this thin
skin on the surface of the coating which becomes a semi-
permeable membrane on exposure to KOH. KOH reacts with
the polymeric plasticizer. 1It's a quantification reaction
which I think results in the creation of the semipermeable
membrane.

Another point which has to be added to this is that
this thin membrane is by no means perfect. It has quite a
large number of holes in it, and some cracks and other
physical defects. As used in practice, these separators
are used as two envelopes, one around each bag -- one
around each electrode. And I think this has the effect of
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eliminating most of the effects of thephysical defects.

(slide 223.)

These are measurements that we made of diffusivity.
And I would just make one point here.

The first few months of the program we did spend look-
ing at the inorganic components of the separator, looking
for surface charge on the zirconia. We did some electro-
phoretic mobility measurements, and we tried to look at ion
exchange capacity on the powder. We spent quite a bit of
time before we got to measuring th~ diffusivity as a func-
tion of temperature in KOH. And since we tried to do these
measurements with the separator as received, we discovered
that there were very rapid changes in properties as a func-
tion of time and determined the extent of this chemical
reaction between the plasticizer and the KOH.

We then set out to do these experiments in which all
the separators are pretreated at 80°C. for 48 hours in ({OH
prior to making any physical measurements on them. And fer
this particular slide, the numbers I want to look at in
detail are to compare this figure of 1.42 here for a single
separator measured with 45 percent KOH at 26° and two of
these separators put face-to-face where this n'wber is re-
duced to .25. So we have almost a factor of four or five
between these-- More than a factor of 5 between these two
numbers when we put a double separator in instead of a
single.

This I think is indicative of the number of defects
that occur in the separator as made.

(slide 224,)

Again some more diffusivity measurements. And the only
figures I want to draw attention to are this one here for
the double separators with the coating in contact; the same
figqure from the orevious slide: and this one here for the
double separator where we actually removed the surface skin.
And this is a technique one of our coatings chemists uges.
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‘By putting sticky tape down on the surface he's able to
take off this surface film without really physically damag-
ing the rest of the structure.

I think this emphasizes the importance of this thin
surface skin on the characteristics of these membranes.

(slide 1225.)

These are measurements of resistivity. And I want you

to look at the last two columns where we're comparing the

‘ 3 resistivities of the double and single separator. To some

f » extent the difference is not so great here. The experiment-

‘ al conditions are different. 1In the diffusion measurements
there's a 14 molar concentration difference between the two
sides of the separator, and I think this shows up the
defects in bad light. 1In resistivity the concentration is
the same on either side. Nevertheless, the defects have a
lower resistivity.

(slide 226.)

One other set of resistivity data, where I just want
to look at the figures that we have over on this far side,
and not deal with the rest of the data at the top.

Essentially what we can do is peel this membrane
apart, and we can strip off the asbestoes from the back--
Let me start at the beginning.

This is the complete separator, first of all, .4824.
We can then strip off the asbestoes from the back of the
separator. We can also get rid of the cuticle on the
frontby the sticky tape technique that I talked about. And
we can take these numbers here and, by subtraction, deter-
mine the contributions to total resistance of the various
layers of the separator.

You can see from this that the very thin cuticle on
the surface does make a very significant contribution to
the total resistivity of the separator.

(slide 227.)
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Some quick comments on silver diffusion and silver
retention. There's a massive amount of data on here. But
theonly point I want to draw attention to is that except
in some special cases the concentrations in the downstream
solution here are really too low, in most cases, to be sig-
nificant.

These are silver radio tracer measurements. In other
words, the separator is a very effective barrier for silver
migration across the cell.

I might add, at the bottom here in this line we have
separators taken from a cell that had a total of a thousand
days wet stand life with routine synchronous orbit cycling
in that period, and there was no movement of silver even
through those separators.

(Slide 228.)

These are short term tests. And I just want to single
out two points here.

First of all, we're only looking at the upstream
separators, Where we looked atthe doubles, the downstream
separators showed no silver content at all. But the silver
retention in the cell did depend on which way we oriented
the separator itself. There is significant chemical
interaction between the soluble silver and the organic
components of the cell, and particularly if that separator
has not been pretreated there's an even bigger interaction.

We did attempt to look at how the var: = components
of the separator did soak up silver. And 1. 3 is shown
here,

(slide 229.)

First of all we find that -- this is silver taken up
from the solution. 1It's an easy way to measure it. The
3420-25 powder showed very little pickup, a slight surface
adsorption. The polyphenolene oxide powder, one of the raw
materials, showed quite significant pickup. The PPO cast
film also showed quite significant pickup. Once we mixed
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the PPO and the plasticizer that number goes up quite con-
siderably. And, of course, these are virtually components
of the coating layer of the separator except that they're
present in higher surface area form. And here the PPO
distributed on the asbestoes is also a very high surface
area.

So there's a considerable chemical sink in the separa-
tor for the removal of silver from solution. And I think
this is a big component of the overall reaction. But there
is a fundamental barrier to silver diffusion as well at the
surface.

Thank you.
HENNIGAN: Are there any questions?

CORBETT: How would the resin itself with the plasti-
cizer be as a film separator, given your conclusion that
the barrier properties come from the organics themselves?

PARRY: I think you need more than just barrier proper-
ties in a silver-zinc separator. You need an electrolyte
reservoir as well., This is the function of the asbestoes.

I think the inorganic components of the coating pro-
vide a very good mechanical key for the thin film at the
surface to the asbestoes physical support. I think they are
an important part of the separator in that context.

Within the narrow definition of this piece of work,
the inorganic component does not seem to contribute to the
real mechanistics of the separator itself.

We've just started doing some work with respect to the
zinc electrode. I might revise my opinion in that direc-
tion. There appears to be an interactionbetween the in-
organic component and zinc. I don't want to say more than
that at this time.

GANDEL: What temperature was that last slide?

PARRY: The last was at 26°C.
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HENNIGAN: Wasn't there a reaction between the origi-
nal separator and the zinc?

PARRY: We did some quick gassing experiments of
powdered zine and the 3430-35 powder, and there is slight
hydrogen evolution, yes.

KLEIN: What's the pore size distribution of this
thin plastic film that you have there?

PARRY: I don't know, Marty. I guess it is down in
the hundredths of angstrom region.

POWELL: What's the thickness of the asbestoes layer?

PARRY: The asbestoes, if I remember correctly, is
I tiink 12 mills --10 mills; thank you, Marty. 10 mills.
The coating builds up to about 4 mills on the surface.

The coating itself, from our analysis, turns out to be
50 percent porous.

HENNIGAN: Any other questions?

(No response)
HENNIGAN: Thank you very much, John.

HALPERT: I want to thank you all for coming. I hope

we have made another step forward, as we hoped we would at
the beginning.

I want to thank all of our chairman -- Floyd, Tom and
Bill -- for their help. And Mr. Bloom, who has been talk-
ing into that machine for two solid days, we want to thank
you very much. And also our people back there in the record-

ing studio, who are in the other building, Tom Dixon, thank
you very much,

Have a good trip home.

(Whereupon, at 4:25 p.m., the 1974 Battery Workshop
was concluded.)
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