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PROCEEDINGS

HALPERT: I would like to start off this morning
by saying hello to you all, and introducing a man who needs
no introduction, Tom Hennigan.

HENNIGAN: Well, I would like to welcome you to
Goddard Space Flight Center again, and I hope that your visit
w1ll be both worthwhile and enjoyable.

This meeting will primarily be concerned with the
discussion of the various sections of the interim model
specifications for high reliability nickel-cadmium spacecraft
cells.

The latest revision is dated April 30, 1969.

Also, on the last day of the meeting, there will be
discussions of sealed silver cell specifications.

I would like to cover briefly the course of events
that led to the writing of this nickel-cadmium specification.
In the latter part of 1967 and 1968, Goddard personnel
started to have considerable difficulties with sealed nicad
cells. Abnormally high over-charge voltages and hydrogen
evolution were indicative of the problems. Battery failures
in the Crane test program and failure of the OAO battery
during spacecraft integration resulted.

In our efforts to notify users that a serious
problem probably existed, 1t was found that others were

having similar or additional problems. A few small meetings
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were held with these people that were concerned.

At one of the meetings 1t was proposed that a
symposium be held at Goddard waith the main users of nicad
batteries. Also 1t was requested that Gulton Industries
attend thns meeting. At that time the main concern was with
the Gulton cells,

The mmeeting was held in October last year and
involved about 30 organizations, both Government and industry.
The problem areas were reviewed and such topics as plate
quality, cell formation, negative to positive ratio, random-
ization of electrodes, non-woven separators, traceability of
materials, and standard electrical tests were discussed.

During the meeting 1t developed that some type of
materials control, process control, and uniform test proced-
ures were required to avoid future problems, and to assure
long life, high reliability, nicad cells.

Thais would apply also to other manufacturers.

Aé a result of the discussions and apparent require-
ments, several attendees were requested to serve on a working
group to formulate a specification to spell out the desared
design requirements, material and process controls, and test
procedures durang the fabrication process.

It was not the intent of the working group to
specify how the cells were to be built. Also 1t was not

possible 1n a reasonable time period to formulate a
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specification to encompass all nicad battery processes.

The writing of the specification was quite a
drfficult task. The working group members had not had a lot
of actual battery experience 1in the actual making of cells.
Their main experience was primarily as users.

Based on the wvaraious problem areas as each member
saw them, a specification evolved, termed as a model specifi~
¢ation, and a few areas may be somewhat idealistic. Basically
1t shows good judgment in material and process control. Some
areas are considered critical, some may be considered as
essential, and some as non-critical but good practice.

From the results of our discussions here in the
next few days, it is hoped that in the next few months the
specification can be improved and revised so that it will be
generally acceptable to manufacturers and users.

Also it was not the intent of NASA and industry
personnel to attach this interaim spec to purchase requests,
and require the battery industry to conform overnight. Thas
would have been impossible. The spec was given wide distri-
bution so that users could have a document from which they
could excerpt information to be incorporated into their own
specafications where they saw a need.

It has been noted that in several instances this
has been the case.

It is my feeling that a uniform specification would
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be very useful in approaching standardization, and obtaining
a basis for bidding on purchase requirements.

I would like to add that the work is proceeding to
back up the coatrol and test areas of the specification.
Work on materials control is underway at Tyco. Separator
screening and testing is being carried out by ESD Research.
Recently thas effort has been directed praimarily towards
non~woven materials.,

Also a request for proposals is out to investigate
process controls. Several in-house efforts are continuing.

Now the concept of this material and process control
is not really new to the battery business., Over the last few
years we have been using this type of specification to buaild
silver-cadmium batteries. Previous to this type of spec or
requirement i1t was very difficult to get flaightworthy silcad
cells. We would have trouble selecting cells, or entire lots
would fail.

I would like to at this time introduce the members
that are here; of the Committee.

Our Chairman and Coordinator was Mr. Billerbeck of
COMSAT. We have Jerry Halpert, of Goddard, -- I just
upgraded you —-- Bob Steinhauer, of Hughes Aircraft, Will
Scott, of TRW, Mr. bunlop, of COMSAT, and Floyd Ford, of
Goddard Sgace Flight Center.

I would like you to really appreciate what these
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fellows did on this spec, and in particular, the patience and
coordination that Mr. Billerbeck showed during the specifica-
tion wraiting.

Mr. Billerbeck would like to say a few woxds. Thank
you for your attention.

BILLERBECK: I have just a very few words. I
certainly would like to start off by thanking the members of
the Committee who participated in helping to put this thing
together so far, because quite a few of them did spend a lot
of their own time, and quite a lot of travel time, 1n working
on rt.

Well, I would like to say we've heard considerable
comment on the document so far, and some of 1t has been
favorable. And so I guess today and tomorrow we give the
battery companies their chance to see what inputs they'd like
to put in at this time.

I thaink, as Tom said, the praincipal intent of thas
meeting 1s to move on from the original spec. I thaink we had
sort of a consensus of aerospace users® inputs on the spec
as 1t now stands. And I think the ground rules were that
this 1s how they'd like to see a nicad cell built if they
weren't particularly constrained by schedules or dollars.

So I think that these meetings now are directed
toward making the spec more relevant. I think that's a

popular word today. And so I think in some cases where we pin
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down specific materials, maybe 1t's pertinent to think about
making those sections more general, or deleting them. But
on the other hand, I think that the users 1in general, from
my conversations with them, would like to retain many of the
materials control and process control and end product tests,
as they're called out here. But there certainly 1s some
refinement in many of these areas that is needed, I'm sure.

I thank that's important to all of us, because I
feel that the spec as 1t 1s, as Tom mentioned, i1s being
reflected 1n many procurements now to some extent. And the
eventual spec will certainly be used more, by NASA and by
COMSAT, and certainly I'm sure by other users.

As far as the Committee 1s concerned, in their
partlcip;tlon here, we didn't line them up here as a shooting
gallery so you people could shoot at them, but the principal
role here today 1s to interpret the meaning of the existing
spec, 1f there is some guestion about what was intended, as
it stands.

And I think, then, beyond that, that perhaps the
Committee will be involved in reviewing the spec as 1t evolves
aintc the next phase here.

I alsoc would like to ask Dr. Fleaischer 1f he could
sit up at the front table, since he was very instrumental in

forming up this specification. So I'd like to ask him to

come up front,
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Now I'll turn the meeting back to Jerry Halpert.

HALPERT: I would like to make one statement, that
I'm pleased to see all the cross-section of the battery people
here at this meeting; users, manufacturers, and Government
people, in hopes that we would come out with a meaningful
and workable spec that we can all refer to.

Now at this point I'd like to describe how we would
like to conduct this meeting. The procedure will be to talk
about the spec only, that 1s to refer to the paragraph in the
specification, in order, by number. The spec will be pro-
jected onto the screen. We have a projectoé here. So that
you may not have to refer to your pages. It might be a
lot easier for vou.

Each man will be given five minutes to discuss the ~¢
or make the statement that he would like to, about the
particular aspects of the specification.

All the comments will be read into the minutes of
the meeting, which is being recorded continuously here in
front. We would like to request that no philosophy be
presented. We all know that you have your own ideas of what
a specification should be, and how it should be organized,
the kinds of tests that should be run, the kinds of statements
that should be in the spec. And at this particular point you
can understand that this document was written by people who

have some technical of the field, but not knowledge of
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writing specifications.

In time, the specification will be modified and
updated, and will be prepared by the proper people, the
specification-writing people and QC people, to be meaningful.

We would like your comments to support or criticize
the specification. We have had a number of comments from
the battery companies and others which we will read into the
minutes as we talk about the speca.fic paragraphs.

We have had a lot of criticism. We have also had
some supporting comments. If you have a supporting comment
about a particular test, it would help us to kno& that this
is a meaningful test to you; so that we can make sure that
we do include it in. I think 1f we were to take every test
in there, we would have craiticism about every one of them and
we could throw out the whole thing to start with. So I
think we want to go in a positive direction as well as contin-
uing to make it a better specification.

We also request that you do not ask the people
exactly why they put that comment in, or that particular test,
into the specification. There may be reasons which cannot
be discussed -- that 1s the philosophy behind 1t. We're
trying to avoid philosophy here. If there 1s a gquestion
about the meaning of the statement ~~ in other words, does

one mean you take 50 samples or 5,000 samples, the meaning of

a particular statement, then this would be, certainly, in
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order to discuss.

Microphones are at the sides of the room. We have
two for this particular section of the meeting. We're hoping
to get a couple more. The microphones will have to be passed
around amongst you as you decide that you would like to speak.

I will read the comments that we have about the
specific paragraphs into the minutes, and then we will ask
for comments from the floor.

Each speaker will be givén, as I said, five
minutes, and we have a warning system. We will be keeping
time in case you kind of get long-winded. When the five
minute mark is reached, you'll see an orange light at the
side of the room shown, and 1f you continue on too much past
that, you will see a red light. And I'd rather not tell you
what that will do.

{Laughter.)

Are there any guestions at this time about that
procedure? For the reporter, please identify yourself clearly
by your last name and the company, your affiliation. It will
be taken down here. And we would appreciate anybody who has
not signed in at the door on that attendance sheet, to please
do so, so we have an accurate record of those who attended.

FORD: For the benefit of the people who might be
planning to take notes, you might mention that everything

w1ll be recorded and copies will be available as previously,
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at the last meeting.

HALPERT: Okay. If we can project the first page
up there . . .

(S1lide.)

All right. I won't bother to read these off, because
you can all read. I will only mention the comments that I
have about the particular paragraphs.

I do have one about paragraph 1.2. It was suggested
that a standard format be used, and he wanted to speak one
minute on that subject. Where 1s Mr. Thierfelder?

THIERFELDER: My comment was that since we're
attempting to standardize on battery specifications, we should
not lose sight of standardizing on the specification itself,.
There 1s a MIL-STD-4%0 which spells out the breakdown of
specifications. And I feel it would be a good idea to start
right from the beginning and bring this specification into
a format which has been used by the Government, and break it
down into the standard sections of scope, docunments,
requirements, quality assurance provisions and so on, down
the list. An attempt to do this later would only complicate
matters.

HALPERT: Thank you. I have no other comments
concerning 1.2 and 1.2.1 or 1.2.2. Does anybody have anything
on those particular areas concerning military specs, federal

specs or publications that should be included in this for
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reference?

Okay, 1f we can go on to the next . . .

(Slide.)

1.2.3, befinitions. I do have some comments about
that.’' 1.2.3.1, the definition of Slurry specifically
includes carboxy methyl cellulose. A general term such as
"binder" should be substituted,

The definition of Plague, by use of the word slurry,
implies that a wet process must be used as a manufacturing
procedure., Therefore, omit "slurry."

As written, "Formation" i1s described as the process
prior to cell assembly when there may be several processes
between formation and cell assembly. Therefore, "formation"
should be described as a process prior to cell assembly.

I have no other comments on definitions. Is there
anybody who would like to speak as to the definitions we
used, or would like to add definitions to our last that
appear in this document?

Don't be shy, now. We can use all the help we can
get from you people who are the experts.

Okay, we'll go on to 1.2.4.

FORD: Jerry, may I make a suggestion for the
benefit of the record?

HALPERT: Yes.

FORD: I have observed that you are reading several
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comments., Would you, for the benefit of the record, put the
word "comment," then read -- put the word "comment" in front
of each individual comment that you're reading.

HALPERT: Okay.

(511de.)

All right. We have 1l.2.4, Cell Marking,

I have a comment here that 1s marked 1.2.4 (d},

"It 15 recommended that the date of manufacture
should be further defined as the date of activation
of the cell by the addition of the electrolyte.”

I have a comment about 1.2.5:

"It is assumed that altgrnate methods of such
tests of procedures will be reasonable accepted and
also that a manufacturing proprietary process is not
subject to review. This gquestion of propraietary
processes is one which affects other industries and
should be opened to serious consideration.”

Any comments from the floor aon 1.2.57

(Nc response.)

All right. We go on to 1.2.6 -—- I'm sorry, dad I

miss sonebody?

GROSS: Sidney Gross, Boeing. 1.2.4 slipped past

before I could get a comment in -- that the date of manufac-
ture should be considered as the date at whach the cell is

sealed, that is, where the top is welded on. This will
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exclude the possibility of assembling a cell and then keeping
it on the shelf for a year or two before you put the electéo—
lyte in.

HALPERT: Okay.

All raight, we finished 1l.2.4. Any more comments on

GASTON: Steve Gaston, Grumman. I thaink 1t maght
be helpful to add that the marking material used show that
out-gas space conditions.

HALPERT: Okay.

UCHIYAMA: Uchiyama, JPL. My comment 1s again an
relation to paragraph 1.2.4. It 1s in relation to the
statement, "The serial number of each cell shall also be
marked on top of the cell., . ." I suggest that the location
of the serial number be left up to the user and the manu-
facturer, because very often in the design of the final
battery, the position of the cell may very well be a very
important factor, to where you may want to put the serial
number for identification purposes.

HALPERT: That particular comment was in reference
to 1.2.4.

Dr. Fleischer, did you want to say something?

FLEISCHER: Does everybody understand that i1f there
are no comments on the statements that are made from the

floor that they will be adopted? Did you make this clear?
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HALPERT: No, I haven't made that clear, no. I
would assume that the Committee, when there are no comments
about a specific item in this specification, that the organ-
rzation here -~ you people who are the experts have agreed
that this 1s a good 1dea and we'll accept 1t as such.

If you have a comment about 1t, 1t doesn't mean
that that thaing will not -- that i1t will be changed -- it
could still go on to be the same comment, 1f the Committee
feels such. But at least ;e will consider your recommenda-
tions about that aspect very strongly, very seriously.

BELOVE: Belove, of Sonotone. I understood from
your first remarks, Jerry, that you were going to cut into
the specification and reduce i1ts rather wvoluminous nature.
Now I think yvou should elaborate a.bit more on that. That's
why I thought nothing much was said here. It's as though we
assumed that this would go 1into the record as the specifica-
tion of the space batteries, as it sits, with minor modifica-
tions.

Now, from what you said at the very start when X
came in, 1t almost aindicated that this appeared to be too
voluminous a specirfication, and that objections had been
raised from manufacturing sources, and that you were then
going to reduce the size of the specification. Is thais or
is 1t not so?

HALPER?: As far as I'm concerned, there 1s no
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criteria as to weight or size of the spec. This spec will be
adopted, or at least parts of it, will be adopted as per your
recommendations and the recommendations of the Committee., I‘'ve
said nothing about reducing 1t; I've only said "upgrading 1t,"
to make the tests in here better suitable and more applicable
to people who do 1t in the fiéld. If they feel 1t 1s not

an adequate test, please tell us -- that another test would

be better.

This 1s what we're doing here. It has nothing to
do with size or organization. We're not talking about organ-
ization now; we're going to do without philosophy.

BELOVE: ©No, no. I'm not speaking about philosophy.
I'm speaking about actual, concrete -- the amount of testing
that's implied and specified an this specification. I thought
that you had aimplied that because people had objected to the
srze of this and the amount of testing, that you were going
to reduce it.

I'm wrong. Thank you.

HALPERT: Okay. We have had our last comment on
1.2.4. Does anybody have anything to say about 1.2.4, 1.2.5,
or 1.2.6?

I have a comment concerning paragraph 1.2.6:

“Considering the number of data sheets contained

in the appendix of this document, a real cost impact

is 1mplied.”
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1 I have not identified the commenters here. If

2| they would like to say something about their particular

3| comment, I would welcome that very much.

4 RYDER: I am merely reminding the Chairman that he
5[ d1d4 not relate a comment on 1.2.5 which was submitted by

6f Gulton. My name is Ryder, Gulton Industries.

7 HALPERT: I'm sorry, I think I did read that. Dad
g8/l I not read 1.2.52 I did read 1.2.5.

9 SCOTT: Scott, from TRW. Excuse me, Jerry. A

10l point of, I gquess, possible clarification of what I gather
11 was Gulton's response to 1.2.5. I'm wonderaing i1f thear

12| comment is implying that they are saying that they reserve
13|l the raght to withhold details of any alternate procedures

14| submitted under the provisions of 1.2.5, 1f they consider

15 them proprietary?

16 HALPERT: This is a gquestion concerning the meaning
171l ©of a statement, and I would request somebody from Gulton, 1f
18] they would, to answer that so that we can clear the record,
19l about the meaning of that statement. Would you care to make
20| 1t, or would you like to put it in at some later time? I

21 don't want to put you on the spot.

22 PREUSSE: Preusse, Gulton Industries. I think the
23 statement 1s pretty clear. Again, when you start asking us
24l for meanings of statements, 1t implies the same statement as

Ace — Federal Reporters, Inc 1
25l needing some comments in the spec. Let's keep this open untal
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later on, ockay?
HALPERT: Fine. Let's go on, with a note that this
1s a compment that should be cleared up at some later date.
Now, we have cleared the 1.2 mark. We'd like to
go on to the very next one,
(S8lxde.)
2,0, I have a comment from Mr. Reed of General
Electric:
"Standardization of cell sizes necessary to
amplement detail cell spec." BAnd he said he wanted to
talk one or two minutes. 1Is he here today?
THIERFELDER: He's not here. |
HALPERT: Did you want to say something about
that?
THIERFELDER: No.
HALPERT: Okay. 2.l.l1. I have a comment:
"We cannot use pure nickel strap in the present
sintering equipment.,”
A second comment:
"Specification only describes the wet plague
procedure for making sintered plaques. BSonotone uses
a dry powder method which has yielded successful,
long-life satellite batteries and asks that thas be
included."

Mr. Belove wanted to say a few words about that.
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BELOVE: Very few, Jerry. All of us know that there
1s more than one method, an fact, I know of two right now, of
making plagques. The specification, however, appears to recog-
nize only one method, the wet, slurry process.

It is our believe that the success of some of our
batteries —-- an@ one of them flying on Alouette and Isis --
would indicate ;hat there w;s some mer:rt to the dry process
too. And sc we recommend that the specification be altered so
that the dry method for making plagues, as used by Sonotone and
maybe some others, and which has produced excellent space cells|
be included ain the specification.

HALPERT: Okay, any other comments? I have one
other comment on 2.1.1:

"It is possible that evolution of hydrogen occurs

at the edges of plates made with nickel-plated steel sheet.
However, in our opinion, this situation creates less of

a problem than the use of pure nickel as a support. The
nickel band tends to deform during its pass through the

sintering oven and consequently wrinkled bands and sub-

sequently plates are obtained.

"The use of screen as a support presents three dis-
advantages. The first concerns the head of the plagues
which must be cleaned of active material by scraping or
by compression of the sintering. This creates a weak

section on the electrode. The second is that the screen
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itself can be deformed quite easily compared to a metal
sheet -- actually the edges become guite wrinkled.
Thirdly, when the plagues are cut, there exists at the
edges wires which can lead to short circuits.”

Now, that's a particular comment about a process,
and I'm not sure whether, after reading the second one here,
that it's applicable to this meeting. The comment was with
regard to a nickel-plated sheet being considered.

CARR: Earl Carr, of Eagle-~Picher. Jerry, just one
comment., Are we going to discuss the merits of the different
processes, oOr arefwe going to discuss the different processes?
I think we ought to all recognize that each process has 1its
.own unique advantages and problems. Eagle-Picher uses pure
nickel screen, we use a dry sintering process, and we have a
quite good space experience,

HALPERT: I apologize for that. I left myself quite
vulnerable. T had read it, but that should not have been
included i1n the minutes here.

All right, do you have any other comments about
2.1.1.1?

THIERFELDﬁﬁ: I have a question as to why the pure
nickel 1s desirable?

HALPERT: Well, that's correct. I do not wish to
discuss that at the present time. We would comnsider any other

method, and I do not want to respond for the Committee here as
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' to why a certain thing was chosen. If you do not like 1t, we
will be very happy to have you take exception to it and

consaider that in the writing of the future spec.

I have a comment about 2.1.1.2:

"Record Hole Pattern. One spiral is 1,000 feet."

It would take one hour and factory personnel, in addition to

what they are presently using to perform that duty.

Another comment:

"We feel that this paragraph should read, 'The
average size and number of perforations per square foot
of sintered plaque area shall be recorded for each
spiral or impregnation lot.'"

I have another comment:

"All meshed size should be included in thais section.
Also, specification should provide a specified number
with an appropriate tolerance, which applies to the
material in general, and not on a lot-to-lot basis.”

Are there any other comments about 2.1.1.22

We'll go on to 2.1.1.3. The following comments:

"It 1s difficult to obtain a thin nickel plating
which can be controlled utilizing the ferroxyl test. On
the other hand, 1f a thick deposit 1s made, such that
the ferroxyl test is effectave, the result i1s a lack of
adherence of the plating as the band and plaques go

through subsequent heat and mechanical stress during
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i fabrication."”
21 I have another comment:
3 "We use a tést to control the nickel plating.
4 However, there is not puch point in going beyond thais,
5 since when the plate 1s cut bare iron is exposed on the
4 edges as well as the impregnation attack on the plate.”
7 Another comment:
8 "The question here 1s, 1f iron 1s not a desirable
9 material in the cell, 1s the nickel-plating doing the
10 required job, especially where nickel 1s attacked duraing
1 impregnation process by the acidic nickel nitrate
12 solution. Also, there is iron exposed when plates are
13 die-cut to size. Therefore, the significance of this
14 test 1s guestioned 1f i1ron substrate is eventually
15 exposed."
16 Any other questions about 2.1.1.37
17 BELOVE: It is our opinion that the substrate should
18 be pure nickel. One of the reasons -- and there may be others--
19 but one of the reasons that we see that i1n processing the iron
20 || ™May tend to corrode.
21 Now, whether this affects the performance of the
29 cell or not, is nat known for certain. However, we feel
23 strongly that this is not the way to make a cell for satellite
24 application, to have materials in 1t that may tend to corrode.
o~ Federal Reporters, Je . HALPERT: All right. Any other questions?
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GASTON: Gaston, Grumman. I have a comment on the -~
some manufacturers use an edge coating on the negative elec-
trodes. We have examined this carefully and we have seen the
edge coating does come off on sub cells., And 1t could possibly
cause a failure mode.

So I'd like the Committee to consider the edge
coating, and the adhesion of the edge coating in the specifi~
cation.

HALPERT: Any other comments with regard to that
statement?

Okay, we go on to 2.1.1.4:

"Prior to nickel plating the plate 1s degreased.”
That's the only comment I have. Are there any comments about
that?

We go on to 2.1.1.1.2., Are there any comments about
2.1.1.1.1?

STEINHAUER: Steinhauer, Hughes. Could I make a
general comment concerning these paragraphs that have recently
been brought up? This specification, in a preface, we're
shooting at a five-year or longer cell, and I think some of
these more subtle effects may not be understood for five to
ten-year missions; and what can be tolerable in a, say, one to
three~year, or up to five-year mission, may be different than
a longer mission. And therefore we should entertain comments

on this long-life nicad.
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HALPERT: Thank you.

GROSS: Gross, Boeing. On item 2.1.1.4, a statement
should be included to the effect that the substrate should be
cleaned, and should be c¢lean, prior to impregnation. It may
not be necessary to clean i1t with degreasing or other methods,
but assurance should be attained, that it i1s clean.

HALPERT: Okay, we're dowa to 2.1.1.1.1. 1If there
are no other comments about that, we'll go on to .2. I have
the comment:

“"Nickel Powder. This involves recoxrd keeping on

a batch basis." And it would take 2.5 hours and
additional factory personnel.

Another comment:

"Another important parameter 1is the bulk density

of the nickel powder, since 1t affects compaction and
therefore porosity and pore size distribution of the
plagque. This 1s true whether wet or dry method for
plagque manufacture is used."

Any other comments about that paragraph, .22

CARR: Just one comment, Jerry, and that i1s that in
places where we talk about a certified analysis, I just want
to mention that that's a cost i1tem, and 1t should be considered
as such by the Committee. If they want 100 percent test, fine.
It's just a cost item.

HALPERT: Any others about .27 Mr. Gross?
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GROSS: Gross, Boeing. The items that are in the
analysis should be specified. For example, particle size might
be guite important.

KIRKENDALL: Kirkendall, COMSAT. I believe there's
a need for clarification of the numbering of the paragraphs.
In this 2.1.1.1.1, it iﬁplies 1t's a sub-category of 2.1.1.1.

BILLERBECK: Indeed. We have a numbering problem
there., It should be 2.1.2 - Slurry.

HALPERT: Yes.

KIRKENDALL: Subsequently there will be a revision
on all remaining numbers?

HALPERT: Okay, 1f there's no more about .2, we'll
go on to .3, and hopefully we can pick up a little speed here.

Comment:

“This involves record keeping on a batch basis,™
which will take 2.5 hours and additional factory personnel.

Another comment:

"Rather than desaignate the binder as carboxy methyl
cellulose, this should be left open and should be
determined by the manufacturer of the cells. However,
regardless of the bainder, we are in agreement with the
traceabilaity which 25 called out.”

Another conment:

"This paragraph 1s restractive in that it specifies

a particular binder or thickening agent, when general
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terminology should be used.”

Any other comments about .47?

FLEISCHER: If we include the term "binder," instead
of a specific material, we should add a definition for bainder,
so that it's understood exactly what 1ts function is.

HALPERT: Any other comments about .47

MAURER: Might I suggest that an the place of
carboxy methyl celluloge, you just say "other slurry ingred-
ient," and scratch out the next section, .4, so that you have
all these factors on all the other ingredients besides nickel?

HALPERT: All right. We go on to .5,

Comment:

"Phis would add to the slurry cost.”

Another comment:

"The measurements of pH can be inaccurate and

misleading in mixed solutions, and therefore may not be
a useful measurement, depending on slurry formulation."

Any other comments on .52 If I don't see you, please
shout out, because it's kind of hard to see everybhody out
there.

All right, 2.1.1.1.6 —- I'm soxry, there's one on
.5 I missed:

"The measurements called for should be made just

prior to use."”

Now we go on to .6.
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"ﬁecord keepaing and testing one hour per spiral.
The continuous gas analysis impracticable, and we know
of no equipment that can do it."
‘&hat‘s 2.1.1.1.6. Another comment:
"The measurement of the influent gas 1s more
critical since it 1s the environment to which the
plagque 1s exposed. The effluent gas 1s after the fact .
and 1s not an effective control point. Also, the
furnace temperature profile should be measured prlo;
to plague sintering, since the temperature operation is
both time a temperature-dependent."
Any other comments about .6? Yes, sir?
CARR: Just a definaition,.Jerry. Carr, Eagle-Picher)|
It says that the temperatures of the different chambers of
the furnace should be monitored continuously. Does this mean
a continuous recording type temperature device?
HALPERT: That's right. That's what 1t was intended
for.
Okay, we're down to 2.1.1.1.7, rate of travel of
substrate.
There was additional effort involved with rate of
travel of substrate.:
We'll go on to .8. Comment:
"Again the term spiral i1s used in this paragraph.

We recommend that for this particular and all following
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cases whenever reference 1s made to a spiral, that in
fact, erther spiral or an impregnation lot should be
called out.”

Ancther comment:

“The term '‘spiral' infers a given processing method,
and should be given a more general term such as ‘'plaque
lot.'"

Any others on .87

Okay, go on to .9, Comment:

"We disagree with the necessity of recording
coining pressure since the coined area thickness is a
dimensioned thickness. Thig should be sufficient, as a
control in defining the plates."

Another comment:

"Coining can be, and has been performed, after the
formation process; independent of which method 1s used,
the coined thickness should be monitored since 1t reflects
directly the amount of compaction, i.e., percent reduc-
tion, that the sinter has undergone."

Another comment:

"If each size plate 1s coined, 1t will reguire a
complete set of coining dies. It would eliminate the
special capacities required by many customers. In many
instances these special capacities are required for a

weight reduction. It sounds impractical to us to make
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our standard cells because of the additional cost of
the dies."

All right. Any other comments on .97

2.1.1,1.10, Comment:

“This 1s unacceptable under the present process.

We must compact in some cases."”

Another comment:

"This paragraph is contrary to present practices,
and we would prefer that a tolerance be placed on the
amount of compactness rather than complete denial to
the present method of production."

Any other comments about .10? Yes, s81r7?

THIERFELDER: Going back to .9, according to your

definition of plates, that should be plagques -- in 2.1.1.1.9.

HALPERT: Yes. That should he plagques. Thank vou.

All right, do we have any more on .9 or .10? Any comments,
questions? No guestions. All raight.

Going to the next, which 1s 2.1.2.1. I have a

comment - !

"Plagque Samples. We would lose 41 plates out of
each 1000 feet, and 1t would require one man continuous."

Another comment:

"The measurement of plague samples should occur at

reasonable intervals to assure control of plagque uniformity.

The samples should be taken at 25 foot intervals or every
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thirty minutes, whichever is smaller. Also, samples
taken across the width of the plague should be sufficient
to assure uniformity of thickness and plaque weight.
Samples should be taken across the plague width in the
guantity of one inch of sample per two inches of plague
width."

One mozre:

"It would be advantageous under our present methed
of production to take the plaque samples from the
beginning, middle and end of an impregnation lot, after
which the test recommended ain 2.1.3 could be run."”

BELOVE: Belove, Sonotone. Again, here as a

possible advantage of the dry, slurry method, in that in the
dry, slurry method, each and every plague -- not pieces of
1t -~ but each and every plagque 1s weighed, and can be weighed

and all properties recorded.

HALPERT: Okay. I have a general comment concernang

the next couple of paragraphs:

"In view of the plague and plate sorting which we
recommend an our discussion of paragraph 2.4, we do not
thaink 1t 1s necessary to test as many samples per spiral
as wndicated in 2.1.2.1., This comment is primarily
made regarding the porosity spectrum analysis because
of 1ts rather hagh cost. We believe that with the same

lot of slurry, the same thickness and the same weight,
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which should be continuously controlled, the global

2 porosity 1s constant and the distribution of pores

3 does not vary a great deal. We recommend that this

4 contention be verified in an inaitial qualification

> study (process qualification). Actually, we believe

6 that during production, only one or two control samples
7 per lot of slurry will be found necessary."

8 Any other comments about 2.1.2.17?

9

Okay, on we go. 2.1.3.2 1s my next comment. Did

10 anybody bhave anything before that? I guess there's nothing,

1M} really. :

12 2.1.3.2 is the next one.

13 "41 samples per 1000 foot of spiral would be

14 required.

15 Another comment:

16 "Thas frequency of measurement of porosity and
17 pore size distribution should not be necessary 1f

18 sintering furnace temperature and profile are stable.
19 Thickness and weight per unit area measurement are

20 normally sufficient 1f the temperature time cycle is
21 predictable,"”

22 Any other comments about 2.1.3.2? Okay, we go on

23 to 2.1.3.3. Comment:

24 "4]1 samples per 1000 foot of spiral would be
e — Federal Reporters, Inc
25 regquired."
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Another comment;

"In this case, the element to be analyzed for
should be stated with the required accuracy and precision
Other methods for analysis are available and are
easily handled by trained personnel. For example,
induction furnace and absorption train."

Another comment:

"We have the same remark as above for the carbon
content analysis. In production, one sample for each
lot of slurry should he sufficient."

I have anoﬁher one with regard to -- no, I'm sorry.

2.1.3.4 1s the next. Anybody have anything on .37

Okay., .4: Comment:

"It would be necessary to develop this test which
does not"-- ves, I'm sorry. Go ahead.

CARR: This 1s regarding the carbon test on .3.

Carr, Ragle-Picher.

We use a dry process also, and we don't feel that

the tests on carbon are necessary in a dry process.

HALPERT: Going ;n to .4 -- anvthaing else on .3?

2.1.3.4. Comment:

"It would be necessary to develcp this test whach
does not presently ex;st at this company. The test

which we use 1s gquite different in that 1t measures

the force necessary to push a needle through the plaque
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at one of the perforations in the band. However, because
all results of sintering strength are in general guite
dispersed, we believe it is a good idea to increase the
tests so as to have a better average value.”
Again, comment:
"41 samples per 1000 foot of spiral would be
required."”
Does anybody else have anything on 2.1.3.47
STEINHAUER: Steinhauer, Hughes. If the spec is
broadened to include the dry process, I think there should be
applicable paragraphs as an alternative for slurry. In other
words, there's nothing specifving a dry process and the controlsg
that would be needed at thas point for that.
HALPERT: Daid you want to say something about --
BOGNER: Bogner, JPL. You're asking for a lot of
measurements and requirements here. Do you have -- does
anyone have any specifications to put on what these requirements
should be? Maybe that's an approach to take.
HALPERT: I'm not going to answer the gquestion. We
will consider that, as far as the Committee 1s concerned.
Don, dad vou want to make a comment about mechanical-+g
VOICE: I just wondered 1f there was any question
as to the -- relevant to doing strength tests and things like

this. If there's no question about 1t, there's no need for me

to make any comment.




wel 34

10
il
12
13
14
15
16
17
18
19
20
21
22
23
24

Ace — Federal Reportars, Inc

25

34

While I'm talking, there is one thing between this
general section and the next one. There doesn't seem to be
any specification as to how the plague should be stored, in
what condition that should be kept. There is guite a bit

b
on plate storage, but not on plague storage, between sinter-
ing and impregnation.

HALPERT: Any other questions or comments on .4?
Yes, sir?

GROSS: Gross, of Boeing. There's no criteria for
success or failure.

HALPERT: Anybody else, on .4? Okay, I guess we'll
go on to the next page. This is 2.2.1.2. Any comments on
2.2.1.1? All right, we'll go to .2:

"At the present time we use special controls for
the impregnation of spirals for space plates; however,
at the same time, ain the same tank, we aimpregnate
spirals for commercial use. Because of the size of the
impregnation tanks, 1t would be necessary to have an
order for space cells requiring some large number of
meters of plague 1in order to comply with thas paragraph.”

Any other comments on 2.2.1.2? Okay, we'll go on
to 2.2,1.3. Comment:

’ "At the present time we take periocdic samples
during the number c¢f cycles of impregnation, but not

from each cycle as indicated. We question whether or
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not the high expense for analyses 1is necessary."
All right, ‘that's 2.2.1.3. Any other comments
about that. That was .2.

2.2,1.3. Commert:

"Analyzing the impregnation bath would mean the
24 separate baths would have to be analyzed per spiral."

Another comment:

"The type and acceptable level of impurities should
be stated. Also control levels and tolerance of pH on
concentration should be stated. Density 1is not an
accurate value for control of solution, and analytical
techniques are available for bath control. Analysis of

rinse bath 1s questioned saince 1t 1s the end of a

production stream and cannot be used as a control measure-s

ment. "

Any other comments about .37 You all like 1t?

CARR: Carr, Eagle-Picher. We're just being quiet
when we agree with some of the other people's comments.

On the impurities in the cobalt concentration in
particular, we feel that this needs a better definition and
1t's certainly not the type of thing that we'd check each
cycle. The other items, we generally check each cycle.

HALPERT: Any other comments? All right, we'll go
on to .4. Comment:

“We do not use potassium hydroxide. This would
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1 reguire a complete new set up which we cannot make.

2 The present process uses sodium hydroxide rather than
3 potassium hydroxide and unless reason can be given for
4 the change, exceptions are taken to this paragraph."

5 Another comment:

6 "We gquestion the estclusive use of KOH

7 processing of nickel-cadmium plates."

8 Any other comments about .4? I think there's a

9| general opinion about that, isn't there?

10 Another comment:

11 "A precaipitation solution of KOH has two disadvan-
12 tages. First, the price of KOH is three times that of
13 NaOH. Secondly, with present equipment, 4 1mpregnation
14 tanks are supplied by a common reservoir that presently
15 utilizes sodium hydroxide. To change to KOH for just
16 space plates would be impractical. Separate impregnation
17 equipment for space cells would have to be installed 1f
18 KOH 1s definitely required.

19 "In the course of our studies for the development
20 of space cells, we have conducted special tests to

21 determine the effect of sodium hydroxide versus KOH as
22 the precipitation solution. The results indicate no

23 dafference in the characteristics of the cells.

24 Therefore, we recommend that the precipitation solution

Ace -- Federal Reporters, Inc
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Any other comments?

FLEISCHER: I think at this point at 1sn't the
potassium hydroxide or sodium hydroxide that is important, but
the specification for it. In other words, you could use the
crudest kind of sodium hydroxide 1f 1t 1isn't defined and
included here.

HALPERT: Okay. Any other comments regarding .47?
Yes, sir.

BELOVE: Belove, Sonotone. Dxr. Fleischer brings up
a point of impurities, and if I want to stretch a point here,
I can say then why introduce any impurirties into this, and
let's go back to the wet slurry process. We're introducing
carbon, we're introducing a carboxy methyl cellulose; let's
give some thought to this. If we're going to keep 1t pure,
let's give some thought to the other methods whereby this can
be accomplished. Thank you.

RUBIN: Rubin, of Texas Instruments. After qguite
a bit of research we found out that the use of potassium
hydroxide in the impregnation or formation procedures would
essentially lower the coefficient of utilization of the nickel
hydroxide. So therefore, 1t is unwise to use potassium hydrox-
1de, and it's basically a chemistry effect. The sodium has
to enter the lattice, and it has some substantial chemistry
effects in it.

HALPERT: Any other comments regarding .42
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i FLEISCHER: I'd just like to answer the statement
21 before, by Lou Belove. I think the use of carboxy methyl
3| cellulose or any other bainder in the process should not be

44 defined as an impurity, because if you do that then we have

5] to look at the nitrate, which can be far more effective as
6|l an impurity 1f vou leave it in, if vour processing isn't

7 correct.

8 So, in terms of impurity, we mean those things

91| which are harmful to the operation of the cell. And I thank
10| we shouldn't get into a debate about this. The processing

11 eliminates nitrate, and it will eliminate the carbon compounds
12 that vou use as binders, 1f you choose them properly and 1f
13|} you treat them properly.

14 HALPERT: Qkay, thank you.

15 BELOVE: I don't agree here that this nitrate

16| gquestion isn't an important one. You say, yourself that

17|l nitrate may be an impurity. Now, carbon can also be a

18| certain impurity. To this extent, all these extraneous

19{ materials can be considered undesirable. To the same extent
20| that you want pure chemical solutions.
21 HALPERT: I'd like to cut off that type of comment,
22 because that i1sn‘'t at the moment helping the specification.
23 I think we know what you antended, and I think we know what
24| Dr. Fleischer intended. And the Committee will then utilize

Ace — Federal Reporters, Inc
95| those statements to come up with something meaningful.
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All right., Let's go on to 2.1. ~- I'm sorry --
anybody else? Yes, sir. I'm sorry..

NIETZEL: Nietzel, T.I. I'd just like to make one
statement about carbon content. I thaink you'll find that
under the proper sintering conditions the carbon content of
the resulting plague will be lower than the carbon content
of the material that went in. I'm talking about powder and
screens.

FLEISCHER: 1I'll add a statement to that, just so
that we're clear. Provading you dc the sintering in hydrogen
atmosphere.

NIETZIEL: We do not use hydrogen.

FLEISCHER: And you can get the carbon down lower?

NIETZEL: That 1s correct,

HALPERT: Can we go on to 2.2,1.5? 1Is there any
other comment about .4 now? Regarding the specification,
please.

Okay, .5. Comment:

"Record keeping is all that is involved here."

Ancther comment:

"The stated method of control and measurement 1s
inadeguate. The number of impregnation cycles can
vary appreciably, depending on the method of plague
manufacture, as well as the impregnation techniques.

Therefore, the number of these cycles 1s of use for a
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given manufacturer and may not be readily compared to
other processes. To determine the necessary attributes
for controlling the impregnated plate, weight gain data
ig insufficient and misleading. This measurement in no
way corrects for plaque corrosion which varies measure-—
ably between positive and negative plates, (and process
to process) and in no way c¢an measure the degree of
plague corrosion which affects the ultimate strength
of the plate substrate. To determine the quantity of
active material, present and cdonverted and/or formed
plates, precise analysis including one sinter weight
per unit area before impregnation, substrate weight per
unit area before impregnation, sinter weight per unit
area after impregnation, plate weight per unit area
after impregnation, quantity of nickel, cobalt, cadmium
hydroxides and/or metals present, must be performed and
documented. Using this type of analysis, actual active
material measurements can be made."
Do you have any comments about .57
GASTON: T thank it is intended here in all the
records which are beaing kept, that the day for the various
processes and steps which are conducted, should be added.
It 1sn't specifically called out. It might be of rimportance
to know when each specific test was conducted.

HALPERT: OQkay. Any other question about .57
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We'll go on to .6, then. Comment:

"We wash and dry the impregnated plague while still
in spiral form and not after being cut into plates.”

Another comment:

"Drying in an inert atmosphere at less than 80°C.
can be both costly and time-consuming. Since air 1s
used at the present time, the reason for a change from
air tolthe inert atmosphere should ke substantiated.”

Another comment:

"Not all processes dry plate; between impregnation
and formation. Therefore, drying should not be
specified. Also, the pH of the rinse water as specafied
is lower than can be expected, based on solubility of
both nickel hydroxide and cadmium hydroxide."

Any other comments about .6? Okay, we go on to

I have a comment on 2.3.1:
"If a plastic material i1s used in the packaging of
the plate material, it should be chosen carefully so
as not to contain any contaminants.”
‘ Any other comments about .1?
CARR: Carr, Eagle-Picher. Have we established
the absolute necessity for inert gas filled shipping contain-
ers, rather than a sealed container?

HALPERT: It hasn't been establaished, 1f that's
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what you're asking.
CARR: I think 1t ought to be considered by the
Committee that inert gas filled containers 1s a cost item.

HALPERT: Okay, 2.3.4 -~ we're down now to .5.

(Slide.)

Comment:

"Since considerable care is required in the packing
and storing of plates, the six-month limit noted in
this paragraph should be justified on a technical basis."

Any other comments about .5?

CARR: I didn't understand that. What was that

again?

HALPERT: "Since considerable care 1s required 1in
the packing and storing of plates, the six-month limit
noted in this paragraph should be justified on a
technical basis.”

That's the commentato the Committee about this.

Any other comments about .57

CARR: I have a comment regarding 2.3.2. Do we

have to use whité gloves?

HALPERT: OKkay, any other comments? All right, I

think at this particular point we can all use a break, and
I understand there 1s coffee waiting in the wings at the top
of the stairs, So we'll return in 10 to 15 minutes.

(Recess.)
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HALPERT: All right, gentlemen, first I thaink 1f
there 1s no objection, we may do without this projection on
the screen. You have a copy of the spec. Does anybody really
object to not using the screen?

{No response.)

Secondly, I might say that the manner in which
we're going through this 1s not specifically to keep it on a
time basis. The time 1s not the impeortant thing here, although
we would like to keep 1t 1n a reasonable time limait.

The important thing here is to get comment -— recelve
comment from you, the experts, on how we can handle ocur
process and specifications we're talking about.

I'm going to apologize here for a moment, because
I've tended to cut some people off. I didn't really mean to
do this. I'd like to stamulate the discussion, but keep 1t
on a technical basis. If you have a good comment, please
speak up. It would help us immensely. We're only eight people
here, representing the whole industry, and you people, many
of vou, know quite a bit more about i1t than we do.

So 1f you can possibly help us, we're asking for
vour help. And don't be afraid to get up and say something.
I'll trv to go a little slower so 1t will give you the chance
to thaink about it a little bit.

Thirdly, at the end of this particular session af

we do have some time before lunch, I would like to possibly get
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into maybe a little bit of the philosophy or a little bait more
of the background, 1f vou care to make some general comments

3 about. I think, hopefully, w;'ll have a little bit of time.

41 If we don't have by the end of thuis session, we certainly hope
3l to have by the end of the two-day session, to discuss thas

¢ philosophy and the background and make some general comments

7| about the whole thing.

8 So please don't hesitate, and I'll try not to cut

9| vou off. But please make the comments pertinent and to the

10} general specification. At least the technical aspects of it.

11 Okay. We're down to 2.4. Plate Quality Tests.

12 My first comment 1s regarding 2.4.1.1:

13 “"Although extreme care could be taken to prevent

14 a rupture or cut to the storage containers, it i1s still

15 possible for such to happen. It does seem, however,

16 almost punitive to reject a group of plates because of the
17 opening of their storage container. It would seem that

18 subsequent tests would certainly determine whether these

19 plates were in fact damaged."

20 Okay, 1s there a comment in that regard? At the sidesg

21 ©of the room we have some people, Jim Stemmle and Ed Colston,
22l who will be glad to pass the microphones in so you don't have
23| to walk out to the edge.

24 MC CALLUM: McCallum, from Battelle. I wanted to

Ace —Federal Reporters, Inc
25| comment on 2.4, where I see the woxrd "gquality" in there twice.




wel 45

10
1}
12
13
14
15
16
17
18
19
20
21
22
23
24

'@ — Federal Reporters, Inc

25

45

It's also back at the beginning of section 2.0. The name of
this document has to do with the reliability, and I think both
of those words either ought to be defined, or 1f they're syn-
onymous, I would suggest that you eliminate the word "quality"
and use the word "reliability," because reliability, I under-
stand has a very precise meaning. Quality does not.

HALPERT: Okay, there was another one back in there

somewhere?

CARR: Carr of Eagle-Picher. Regarding 2.4.1.1.,

I would think that MRB act;on would be appropriate for judgment
of damage.

HALPERT: What was that? I'm sorry.

CARR: Materiel Review Board action.

HALPER%: Any other comments regarding this?

Okay. I have none on 2.4.1.2. Does anybody have

anything on .2? Questions, comments?

(No response.)

Paragraph 2.4.1.3. Comment-

"Because of the requirements for visual defects or
cracks, et cetera, shown in 2.4.2.2, 1t would seem that
at least a double number of plates normally required
would be necessary, and therefore, the sample size would
have to be correspondingly increased."

Any comments on -- let's see -- I have one more on

BOGNER: Bogner, JPL. I'd say it would depend on the
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cell design, the number of sample plates.

VOICE: 1I believe that sampling inspection can't be
used for these plates. With the long-life objectives, I think
every care should be taken to assure that each of the plates
used 1s at its best level of guality. And in order to achieve
this, I recommend 100 petcent inspection.

HALPERT: Any other comments about that? I might
say one thing regarding this aspect. What we are trying to
do here 1s set up a way in which we could inspect -- that is,
take a sampling of the plates to see whether -- in other words,
accept the plate batch lot; but that'ultimately, all plates
would be inspected.

In the next section -- section 5, I think 1t 1s,
where we assemble the cells, that all the platesvwould be
100 percent inspected at that time. This would only accept
the lot, and all the measurements would be made on that sample,
the 80 or so that I give as an example i1n here. That is the
purpose of this particular section, or what was intended.

CARR: Carr, BEagle-Picher. I agree, Jerry. I think
there should be 100 percent inspection on plates, and I agree
that there should be a sampling plan on plate lots. I think
the sample size 1s somewhat excessive.

YERKES: Yerkes, Heliotek. I think maybe there's
some confusion here.--1t might be on my part -- about the

reference of this specification. It seems to me this is
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1| written for the customer, who 1s going to buy some plates or
21l cells from somebody, and the manufacturer may want 100 percent
3| 1nspection. But we don't want to compound this in any aero-
4| space product -~ 1t's a common problem ~-- it gets ingspected,
5| Lnspected, inspected.
6 So you may do 100 percent inspection, but then when
71l you buy them off, there may be a sample which just keeps you
g{l honest, 1Is that the intent of this?

9 HALPERT: Right. The first, of course, for the

10l Plates, would be the sample of plates from that particular

11 | batch would be inspected to determine whether there is accept-
12 il abrlity of the entire lot. If there were acceptability of the
13| tot, then we would go downstream and when the cells were

14 actually assembled, or put into a formation process, they

15 would then be -- that 1s, every plate in the whole lot, not

16 only the sampling procedure, but every plate an the whole lot --
17 would be accepted, to make sure that 1t would be adequate.

18 So -- 1s that what you're saying?

19 VOICE: The specification does not say that later on
20 each of the plates will be inspected. In all of section 2.4 --
21 it begins with a discussion of sampling -- pardon me, 2.4 and
97 || some of the preceding sections -- talk only of sampling.

23 There's no provision here, as I have the spec here, that

24 provides for 100 percent inspection later on.

\w—meMmemm,gg HALPERT: 7.2.2.4 would spell that out. And that will
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be discussed at a later time, when Flovd Ford, who wrote that
particular section -- right here, all we're doing now is
accepting the lots, really, based on a sample of the partaicular
batch.

GROSS: Gross, Boeing. The need for the number of
tests on samples should be determined by statistical means.

In other words, if weights of plates, for example, are consist-
ently well within the tolerances, then the statistical require-
ment for the number of samples to be weighed 1s less.

HALPERT: Any other comments regarding that particular
aspect? Yes, sir.

BILLERBECK: I think that's a good general comment
on the spec, that perhaps many of these tests should be done
in the way that one normally does with these sampling tests.

So that 1f you find a large percentage are not meeting the
requirements, then you go to a larger sample size. And I
think that would be a good way to arrange many of the tests in
the specification.

HALPERT: I'll read an additional comment which I
have here, which I missed at the time, which I think 1s
directed at thais:

"General comment on the sampling contrxol procedure
outline: We helieve that without initial sorting of the plates,
1t would be i1mpossible to meet the craiteria of 2.4.2.6 (2.5

percent maximum reject). We recommend that a sorting procedure
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be included in which all the plates are examined from the stand-
point of appearance, weight, and thickness. Those plates pass-
ing the requirements would then form the lot from which samples
are taken. The inspecticdn of the samples would then serve to
verify that the sorting was well done. Relative to appearance,
color standards are very difficult to establish because of the
effect of age. This 1tem, therefore, should be analyzed furthen

I think this 1s a little bait further down. I think
this regards this whole section. I'll just go on reading 1t,
and then we can go on and cover the 1tems one by one.

"Regarding visual defects, in our present procedures,
which have less severe criteria for acceptance than this
specification, a certain percent of the plates are rejected in
sorting.

"Considering dimensions, our experience has shown
that the standard distribution of thickness i1s in the order of
greater than plus or minus 1 mil. The rejection rate will be
extremely high. PFinally, since the standard. . ." -- I;m sorry,
cross out the word "extremely."

". . . would be high. Finally, since the standard
distribution in weight 1s (a given figure} a tolerance of plus
or minus 0.1 grams would result in a high rejection rate.

"The above comments are made to point out that from
the standpoint of cost, the critical requirements of these

paragraphs should be verified for necessity. Also, relative to
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the weight reguairement, because of differing sizes of platesg,
we suggest that this lamit be expressed as a percentage rather
than as a fixed plus or minus 0.1 gram, regardless of size."

Those are some general comments about that whole
section, 2.4, and I will now go to 2.4.2 1f there are no
further comments about that.

"Sample inspection should be carried out either

before storage or on receipt.'

2.4.2.1. Comment:

"The establishment of color standards i1s rather
unigque in this business. Merely to reject-plates because
of variation in color, without determining whether it as
a chemical or electrical performance problem, 15 to
reject because of lack of knowledge rather than for real
cause."

Okay, any comments with regaid to 2.4.,2.1?

FORD: Jerry, I'd like to ask a question in regard
to the manufacturers' representatives here. Do any of the
manufacturers at this time have any of their own color standards
Without elahorating on what they are -- a simple yes or no
would be sufficient in this case. Have they adopted some type
of color determination in screening plates for aerospace use?

(No response.)

1

I assume no answer will mean all of a1t s "no."

HALPERT: Okay, any other comments with regard to .1l?
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All right, we'll go to .2. Cormment:

"The reject criteria shown in paragraph 7.2.2.4
seems extraordinarily tight. Can the limits set 1in
this specification be technically justified? It must be
remembered that the product i1s a saintered nickel product
and not machined or honed.”

Any other comments about .27

We go on now to .3. Comment:

"The thickness tolerance of plus or minus 1 mil 1is
technically unjustified and impractical. The same
comments are for the length and width variation of plus
or minus 5 mils."

any other comments regarding .32

2.4.,2.4, Comment:

"The plate weight variations should be given as a
function of plate area or plate weight.®

Another comment:

"Variations in plate weight depend on plate size
and should not be expressed in an absolute quantity. A
standard deviation expressed as a percentage may be

used. Also, the absolute value expressed here, .1 gram,

1s much too low and conflicts with the thickness toleranceg

allowad an 2.4.2.3, that 1s, a thickness variation of
approximately 1/30th, while the weight variation is

approximately 1/300th. So that there 1s an order of
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magnitude dafference in the allowed variation.™®
I might just say that was a mistake, but most people
did comment on that particular aspect -- that 1s, using a
given value of .1 gram, rather than a percentage. 2nd I'm
glad that we were all awake to find that. That shows you're
all doing your homework.
Does anybody want to comment now on any of that
section up to 2.4.2.47?
Okay then, we go to .5 -- no, .6 1s the next one.
Any comments on .57
All right, 2.4.2.6. Comment:
"Because of the limits set in this specification,
we would prefer to run a 100 percent inspection on plates
and reject those with defects. We do not agree to any
total redection of either a spiral or impregnation lot."
CARR: Which section are you on, Jerry?
HALPERT: 2.4.2 -- anywhere up to --
CARR: Well, regarding X-ray of plates, this is a

tough procedure at best, and we don't do i1t on a 100 percent

basas.
FORD: Does that imply you do it on a sample basis?
CARR: No.
{(Laughter.)
HALPERT: I might make a comment about that. Al-
though 1t says a 100 percent inspection -- 100 percent X-ray
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diffraction, 1n all of these cases we mean of a certain given
sample, a fraction of a certain given sample, which 1s a sample
in itself. But we don't expect everybody to take 1,000 plates,
1f that's the number involved, and X-ray them all to determine-+
this 1s a ~- 1in thais particular section we've taken a sample
from the original batch, divided that ainto certain parts,
and of the certain parts we would ask for that -- suggest that
that type of treatment bé& given. That 1s not a 100 percent
inspection, and none of these represents a 100 percent inspec-
tion of every single plaque in ;— plate in the batch.

BELOVE: 1Is it cause for rejection? And 1f so,
what percentage?

HALPERT: We weren't going to bring up this point
until later on, but as you notice in here, we have very few
limits 1n terms of the actual processing. We do not know the
limits. We are trying to find out what those limits should be.
We are really asking for data at this particular time, to
establish some ground rules so that we can say your particular
process should be between these limits, and your particular
process should be between those limits.

And we know 1f we get a batch that 1s not within
§

those lamits, that we know that something 1s wrong and we can
reject.
At the moment we don't have those figures, so i1f

you were to get a job today we could not reject i1t, based on
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that kind of number.

RICHARDSON: Richardson, Marshall. In regard to
these breaks or cracks in these plates here, I think before
you'd want to call out X-ray or radiographic inspection of any
of these plates, I think first yol've got to establish the
criteria for the cracks. Can you stand a crack 100/1,000th
long, you know, or 1is the crack completely across the plate?

I don't know what benefit you'd get by just X-raying these
sample plates. If you'd find cracks, how do you know that
they're bad or good? How do you know whether they'd hurt you
or not?

So, just to be radiographic plates, and for pOS;lble
rejection of the sample lots -- I don't know. I think you
need a study program or something like this, to determine what
length of crack you can stand. Because I doubt if you'd ever
find - - I don't know.

HALPERT: Actually, lengths of cracks are spelled
out a little later on.

2

REED: Reed of Battelle. If I read this specification
2.4,2.5 correctly, "the substrate for the sintered material®
means the perforated.foil. I wonder 1f this 1s the place to
check 1t for cracks? Shouldn't this have been done way back
hefore the slurry or dry powder was ever put on? And 1f thas

1s done, do you really expect it to crack later on during the

process? It might be possible that the sintered material cracks
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HALPERT: Good poaint. Any other comments regarding
that?

All right. I have no other up through the end of
2.4.2.8. Does anybody have any comments regarding .5, .6, .7,
or .82

CARR: Again, Jerry, I think a materiel review board
would be a thing to be considered before you reject an entire
lot.

HALPERT: Would you describe what you mean by that,
and how 1t would be -- would that be in a given company, or --

CARR: In producing guality batteries, our experience
at Fagle-Picher i1s that we have, with certain customers, the
material review board authority. And what this 1is that we
have a board, a panel of people, representative of production,
engineering, guality, the vendor representative of the company,
and the government inspector where i1t's required on the
contract. These people judge the defect and say that 1t can
be used or 1t can't be used, and then determine corrective
action.

VOICE: Earl, 1s thais MIL SPEC-9858 a -- I think 1t
is --

CARR: Probably is, but I'm not sure. R

VOICE: I think we ought to institute that spec on

setting up the quality.
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CARR: MILSPEC Q~-9858-A.

VOICE: It's a guality spec.

RICHARDSON: We prefer 200-3 or 200-2.

(Laughter.)

There might be some, just general.

NIETZEL: The MILSPEC does have 1it.

HALPERT: That 1s an area that we certainly could
look into, and I think the specifications people will be -- 1t
will be helpful in that area, to guide us, on which general
specs and whether it be a NASA spec or a mllltary spec oOr
what have you. The military would like military specs and
I'm sure HNASA people like NASA specs.

GREEK: Green, Martin - Denver. On 2.4.2.,5, I
notice you're determining X-ray or radiographic techniques.
Are we in a position with the state of the art at this time
considering some of the success with infrared inspection, which
15 much more economical to determine the exact method in this
spec at this time?

HALPERT: Well, I can say that 2.5 now, 1s for the
substrate only. What we're trying to do is determine whether
1n processing the substrate has been cracked or broken or cut
in any way. And this is a suggested means of doing it. 2and
1f you have others, certainly we would be interested in it.

GREEN: Well, my remark 1s based on the recent

experience with solar cells where we determined cracks in
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soldering and so forth by the infrared method demonstrated
pretty beautifully and now under investigation. And I can
see the substrate material we're talking about being cracked
and so forth in shipment from past experience -- undue jars
and what not can sometimes cause these cracks. It may be
that infrared would be a more economical way to show 1t up.
That's my only point.
HALPERT: Thank you. BAny cother comments with regard
to this particular section, down to 2.4.2.8?
Okay, we go on to 2.4.3, Sample Plate Electrical
Formation Test.
Now, just in opening, I would say the same thing as
I did before ~- these are samples of the plates that we are
talking about, that are samples from the given whole batch.
These are not 100 percent of the plates in the batch -- only
a sampling, which was spelled out in that MILSPEC 105-D,
All right, with regard to that, 2.4.3. Conmment:
"Although we do not object to conducting the test
outlined in this paragraph, we do guestion the value of
running both plate formation pack tests and individual
formation tests, since i1t would seem that the information
from the former can be deduced from the information from
the lattex. Note also that we consider these tests as

being extensive and expensive especially when performing

a spectrographic analysis of twenty percent of both positav

=
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and negative plates of each sample group."

I have a comment from Mr. Herzlich of Marathon, and
he wants to talk for about five minutes on this subject,

“To assure optimal reliability and overcharge

capability, 100 percent testing of plates 1s desirable.
In this way, individual plate capacities can be matched.
The result 1s a unaformly high negative to posaitive
capacity ratio."

Did vou want to say any more than that?

HERZLICH: From your statement, I understand the
scope is slaightly different -- that this 1s simply an accept-
ance at that point, and although I can't find 1t, you seem to
be saying that later in the spec each of the plates will be
capacity-tested?

HALPERT: ©No.

HERZLICH: Then I1'll reserve my comments to that
portion of the spec where we talk about the capacity of plates,
which I believe 1s later on,

HALPERT: Okay. We're talking -- the vaisual inspec-
tion, now, on this sampling, is only for the plate acceptance
test. Later on, when we've put the plates -- use them in the
cell, put them in the formation test, i1t's done on a batch
basis, not on a plate basis.

HERZLICH: At that taime I'll make my comments.

HALPERT: Okay, thank you. I have one more comment
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1 on 2.4.3 ~- No, I guess that's a little later on.

2 Okay, let's ask for comments there, on 2.4.3, A. B.
3 c.

4 (No response.)

5 Okay, 2.4.3.1, I have no comments on .l or .2.

6| Would anybody like to discuss .l or suggest some changes to

71 .12

8 (No response.)

9 Does anyone want to say something good about 1t?
i

10}l Show their approval in some way? Some of these, as I mentioned
11| before, we're loocking for support 1A this matter, and not

12| only are we trying not to make 1t tough on you; we're trying
13 to be helpful. 2And we would like your help in this matter.

14| We'd like some support on some of these 1tems that we're

15|| talking about.

16 VOICE: That will, I think, be covered later, but

17|l I would like vou to consider that an acceptance of the lot

18| at this point may really not be necessary since you will be

19| doing batch determination later on. So I would suggest that
20| one of the considerations is that this test be omitted at

21| this time, and be reserved for the evaluation of the batch.

22 BELOVE: Belove, Sonotone. Actually, this should

23| be left to the discretion of the manufacturer. If he chooses
24} to —- and he should -- sample before he does ;00 percent test-

Ace — Federal Reporters, Inc . .
25| 1ng. It obviously makes sense. But I don't think this has to
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1 be 1ncluded 1n the spac, i1f you're going to do 100 percent

2 testing later on.

3 HALPERT: I want to clear up that point. We're not
4] doing 100 percent testlgg later on. We're doing 100 percent
5 visual inspection later on. We are only doing testing by

6 batch later on. There's no individual samples taken after

7| this particular section.

8 BELOVE: This 1s‘our main point., We recommend 100
Q percent testing instead of batch testing, which we consider
10|| merely the use of averages. We think that averaging is not
11 the way to attain the hlqh‘reliability that 1s required in
12 this product. ;

13 HALPERT: Yes, sir.

14 FORD: Jerry, to really clarlfé that poant, I hope
15|| once and for all, this 1s a pre-production sampling that's
16 being done, to accept the production run as flight-quality
17| material,.

18 In the inspection in production, that we'll get into
19l later on, there 1s only a physical inspection, so to speak.
20 There is no electrical testing on a 100 percent basis.

21 HERZLICH: Herzlich, Marathon Batteries. At that
22 time we will make some recommendations about the 100 percent
23] testing.

24 GASTON: Gaston, Grumman. Here i1t says counterx

Ace — Federal Reporters, Inc
‘ 25 electrodes for larger capacity, maybe an inert electrocde can
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be considered, provided the electrolyte bath 1s large enough
so that you don't change the concentration.

HALPERT: Whic¢h paragraph are you referring to now?

GASTON: 2.4.3.1.1, thais counter electrodes of
larger capacaty.

HALPERT: Okay. Are there any comments at all with
regard to .1.2 or .1.37?

SULKES: Sulkes, U, S. Army Electronics Command.
The fact that you call out a special KOH formation, which
doesn't really mean anything -—~ suppose someone just wants to
use plain KOH, or doesn't want to soak them for that period
of time? This would seem, you might say, to ;e ; useless
paragraph, in that it sets no reguirement at all,

HALPERT: I think we spelled out somewhere about
the KOH. I don't know where it's spelled out. Does anybody
recognize where that was defined -- that specification?

BILLERBECK: Next paragraph.

HALPERT: Oh, is 1t? Yes. The special KOH solution
1s the next one.

BILLERBECK: It refers to 5.2,

HALPERT: Any other comments now with regard to .3
or .42

REED: Reed, Battelle. Thais specral KOH formation

}
electrolyte, you've soaked the separator in i1t for 48 hours.

It seems to me that this 1s a good source of impurities, iLf

]
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there are leachable organics in the separator, which you might
want to eliminate. In fact, I think I might suggest that the
formation electrolyte, both here and later on, be the same
electrolyte 1n which the cells -— whaich will be placed in the
cells. In other words, if you're going to put in an additaive,
you ought to also have the additive i1in the formation electro-
lyte.

HALPERT: I have a comment here that I missed, on

2.4.3. Comment:

"Although we do not object to conducting the test
outlined in this paragraph, we do question the wvalue of
running both plate formation pack tests and individual
formation tests, since 1t would seem that the 1ﬁformatlon
from the former can be deduced from the information from
the latter."

I read that.

All right. 2.4.3.1.4., a question about —-

"Solubhle organics 1n formation electrolyte can
contaminate electrodes.” And that was Mike Reed.

Okay, fine. Okay, any other questions in regard to

2.4.3, down to .9? Any comments on .6? What we're essentially
doing here 1s running a formation on a plagque and a plate
basis, to get the variation within a group of plates, a
sampling of a group of plates from a batch, to determine what

the average 1s and how wide the varaiation is, and what we can
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expect 1n a formation pack that might contain up to 20 or 21
or 23 platsas.

GASTON: General comment. I thaink 1t might be
helpful to specify a temperature which the formation shall be
conducted, and possibly a current density, so that eventually
when more information i1s available, you will be able to
collate all the information, and you might be able to come
up with some tolerances, and specify what the limits should be.

HALPERT: Okay. I think the rate i1s spelled out
in the paragrapp before, that the rate for each sample plate
shall be based on the current density used for a cell pack.

So that we're essentially forming a plate. '

Any other comments now down to .92 Okay, we go on
to 2.4.3.2. Here we're running a second group of plates, in
order to determine electrode capacities -- piate capacaties.
Any guestions regarding that? .1 or .2? Yes, sir?

] BELOVE: Belove, Sonotone. The same cormment would
appear to apply here -- that 1f, as we propose, 100 percent
testing 1is ainstituted, then this 1s not required -—- this
testing, sample plate formation packs. In other words, again,
we recommend 100 percent testing of the plates, rather than
sample testing or 100 percent testing of the formation, or of
the pack.

HALPERT: I might make one statement here about that.

A lot of this was written based on prismatic cells, which of




wel 64

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Ace —Federal Reporters, Inc

25

64

course, you now have 21 to 23 plates in an order of 100 cells,
you can see we're talking about quite a number of plates —-
thousands of plates. And it's daifficult, and I think the
manufacturers agree 1t's difficult to do 1t on a large lot
like that, where you have many fewer platés, and you could do
1t 1n a cylindrical.

BELOVE: Jerry, I thank you must agree to this:
That 1f you're asking for a five or ten-year life and we don't
really know Ghat constitutes the makeup of the cell or the
battery that. will give us that, and you're trying to go --
what we're trying to do here is go mid-porint. And what we're
saying 1s you've got to go all the way. It's not sufficient
to take half measures. Either take all measures or do as you
have in‘the past ~- sample the cells and try to test guality
into them. .

BILLERBECK: Billerbeck, COMSAT. I would like to
make a gene;al comment, since we're getting into a bit of

philosophy here at the moment. And I think the purpose of

this particular section -- maybe we could just enlarge on that

! ¢

for a moﬁenk -- was to attempt to determine whether the plates
had the ba51c;elgctrochemgcai properties that you need to
build the cells, and that this be determined before production
runs off a thousand‘pl;tes énd)then comes back and tells
engineering, “"Well, gee. You know these are 10 percent low in

!
capacity, but come on. We'll have to buy them off. We're
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1 committed now."
2 8¢ the purpose 1s to determine before you get all
3 the way down to the production process, that, gee, these plated

4 really are capable of producing the capacity needed.

5 HALPERT: Okay, any other comments with regard to
6 that?
7 NIETZEL: I think you forgot one of my comments,

8| Jerry. And that was this: This procedure 1s only necessary,

9l and I'm talking now about 2.4.3, all the way to 2.4.3.3.1 --

10 and that i1s that this procedure 135 only necessary when the

11 plate manufacturing process does not normally produce data

12| indicating that electrochemical capacities of both the

13| negative and positive plates.

14 Also, the use of special separators and pre-soaking
15§ 1€ restrictive in that other processes used today do not

16 require these operations. Similarly, the use of pack forma-

17| tion 1s restrictive and 1s not reguired in all manufacturing

18 procedures.

19 And I wondered 1f we are talking about 100 percent

20 inspection, or are we talking about 100 percent sorting?

21 GROSS: One of the initial steps here 1is to perform
99| the formation according to the manufacturer's procedure.

23 Manufacturers can adopt formation procedures such that if at

24 the end of the formation program the capacity of the cells 1is

A“-F“NMR“”m”’gg failing, or other bad features observed, they can add
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additional steps to -- additional formation steps —- which
will try to salvage that batch, and increase -~ bring the

plates up to the requirements.

This should be excluded.

HALPERT: Any other comments with regard to this?
Okay, we'll go on to 2.4.3.3. and .3.1 1in which we're holding
some of these sample plates up for physical and chemical
analyses -~ 1in 2.4.4 -- nothing unusual there.

All right. I have a comment with regard td 2.4.3

and 2.4.4.

"We believe, in view of the cost of these tests and
analyses, that i1t be verafied that all are actually
required i1n the production of space cells. We recommend
that all of these requirements be imposed on the
manufacture of one lot in an effort to determine thear
relative importance on the characteristics of the final
cell."

Any comments with regard to 2.4.4. or 2.4.4.1?

Okay, we go on to 2.4.4.2. Comment:

"The spectrographic determination of sulphur is not
normally performed. Analysis for sulphur is more easily
performed using an induction furnace absorption train and
apparatus."

In all of these, now, we're making tests, physical

and chemical measurements on these tests -- on these plates --
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from the sample, and if you have some suggestions other than
what are listed here, we certainly would appreciate hearing
from you, on tests that you may do normally in-house that
would be helpful in accepting or rejecting a plate lot, or in
at least characterizing the materials.

All right, going on to 2.4.4.3 -~ any comments?

2.4.4.4, Comment:

"The determination of negative plate porosity and
pore size cannot be readily performed using mercury
porosimeter techniques, due to amalgamatloﬂ of cadmium
metal which 1s present after formation. Other penetrat-
ing liquids would have to be used."

Anybody want to make a comment? Dr. Parry?

PARRY: I think there's a more fundamental objection
to mercury porosimetry for determination of pore size distri-
bution, All you really see 1s a breakthrough pressure, and
it gives you nothing of the actual distribution that you have
there. Metalographic techniques are far better in this

respect.

i

HALPERT: You're talking about the plates now, as
well as the plagues?

PARRY: Plates and plagques, ves.

HALPERT: Any other comments with regard to 2.4.4.3

and 2.4.4.47

We go on to :5.! Any comments with regard to .57
' i
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(No response.)

HALPERT. .82 .6.17?

(No respénse.)

HALPERT: 2.4.4.6.2. I have a comment.

"in addition, the amount of cadmium metal must be
determined for a complete analysis of the plates.”

Any comments on .3‘or .42

PARRY: Parry, TYCO Labs. 1 think, going back to
.6, the leaching out of active materials ~-~ I don't know at
the moment of an effective way of doing this for the positive
plate. Almost all the methods that are looked at involve
some dissolution of the substrate as well as of the porous
nickel or the screen. ‘

I think this should be taken into account in writing
the specification.

HALPERT: Any other comments regarding this entire
analysis of Ehe plates? I assume you are all doing this and
getting good results.

All right. We're at the end of section 2, and I
think, according to our schedule we had planned to only go
to section 2 by 12:15, The cafeteria i1s available to us at
12:15 -~ that's the cafeteria across the way, Building 1.

So we have about 40 minutes or so to talk about specaifications

in general philosophy. &aAnd I would just like to hear some

general comments about the spec, how vou thank i1t should be
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put together, is it acceptable to you, would you accept the
fairst two sections 1f you were given it tomorrow and told to
build cells based on this spec?

Any general comments about it?

THIERFELDER. Thierfelder, G.E. Space Systems. Well
one general comment that I have is that I think the spec
should be broken down into a cell spec, and an individual
specification should be prepared for plates, separators,
electrolytes -- you could probably limit i1t to those three —-
but to put everything into one specification, you're covering
one assembly and then several sub-assemblies. And I thank it

.
would be preferable to break it down into the components of
the cell, specificatlons for those items. This i1s the way
1t's been done in many other battery specifications,

HALPERT: Would that mean that one specification
18 referenced -~

THIERFELDER: That's right. In the cell spec we
would call out the plates will meet specification so-and-so
for plates, and the separators used in this cell shall meet
the requirements of the specification (b), and the electrolvte
used i1n this cell shall meet the specification (c¢).

CARR: Carr, Eagle-Picher. My feelings on this
are that I think that the battery specification should be

complete as possible in one document. I think, however, that

1f there are areas of work that are not done by the battexy
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vendor, that they should be covered by a separate spec -- such
as separators,

HALPERT: Any other comments regarding this?

MAURER: I have one additional comment, Jerry, over
here. It was mentioned earlier that we have assumed a slurry
type of plaque fabrication. There's also the possibility on
the negative electrode of nc sinter at all. This should be
considered.

In the formation we have considered only electro-
chemical formation, and there are chemical formation proced-

tres which should also be considered -- or at least not ruled

*

out.

HALPERT: Okay, any other comments with regard to
that?

MC CALLUM: Mec Callum, of Battelle. I was anter-
ested that almost any paragraph, you can determine a suxrface
area pore size distraibution or record the weight and thickness
and there 1s no indication about what the numbers ought to be.
And I wonder, where are those coming from? Are you going to
furnish those later, who who 1s supposed to do that?

HALPERT: Well, this is supposed to be from a matter
of experience. We hope, by putting in the spec the fact that
these numbers should be measured, that although we can't hold
yvou to any, we wouldn't expect to be able to hold you to any

particular numbers or any particular limits ~- that i1s, hold




wel 71 71

1 the manufacturers to any particular numbers or limits -- that
21l ultimately we would have enough data compiled to know that a
3l batch of cells should have these particular limits, and then
4l be able to specify those later on.

5 Now this 1s certainly not a short time in coming.

6l We don’'t expect this tomorrow or the next day. But there are
7 a number of people working on evaluating materials in govern-
8| ment agencies and under contract, and we hope that it won't

9 be too long before we have some numbers that we can start

10 applying to these various places 1n the spec.

1 GROSS: Gross, Boeing. A test should be added to
12] determine the tendency of the active ﬁaterlal to flake off*
13§} the sainter. This probably can be done by an overcharge test.
14 LANDSMAN: Landsman, Lincoln Lak. If I'm not

15| mistaken, we're in for some philosophy?

16 HALPERT: Yes. Speak your piece.

17 LANDSMAN: I think this specification 1s more than

18 13ust a manufacturaing specification for the manufacturers to do
i?| such and such. There was a comment about measuring effluent
20 gases on drying, and that would not be used for process controll.

21 But I thaink this kind of information 1s the kind of information

22

we want, because five years from now or ten years from now, 1t
1 i

¢

231 will possibly turn out that certain cells do last longer than

24| other cells, and we would want to look back and see what 1is

Ace —Federa) Reperters, Inc
25 the difference, or where there anv differences in the manufactu
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And that's the thing we can't do now, because we do find some
2 cells do last longer than others, and we don‘t know why.

\
3 HALPERT: I think that's the bég problem -- we have
4l nothing to refer back to. Changes are made from time to time
5[ to upgrade the product by manufacturers, and at that same
6l taime, really none of us know what the long-term effect 1is
7 going to be. And I think that this spec really just gives us
8 some numbers to hang our hats on a lititle bit later downstrean,
91 to see where we will be.
10 FORD: Jerry, I would like to make a comment to
" reemphasize what Mr.lLandsman has said. I have had experience
12]] in talking with other people in other areas of aerospace
13|| products, that every test vou conduct on a product isn't
14| necessarily a "go, no-go" test. And this is especially true

15| even at spacecraft level. You don’'t test the black box just

16| to find out 1f you can go or no-go; vou test to find out what
17 characteristics 1t has.

18 And the purpose ~~ this 1s the purpose and the

19 intent of a lot of these tests, to clarify the point that

20 certainly in a lot of these areas there 1s no limat specaified,
21 for the simple fact that I don't think anyone here knows what
221 the limits can be.

23 But after you have tegted batteries for five years
24| and you say, "They look great," and turn around and want to

Acg —Federal Reporters, Inc .
25| build the same battery again and find out you don't really




wel 73

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

Ace —Federal Reporters, inc

25

73
know what went anto that battery, vou've got a difficult
problem, because you'll build another battery and you‘ll want
to say it's going to last five years, because I did 1t like
this before. But what was before? We don't know that today.
And until we take a more suble approach to this type of spec-
ification, we're not going to have the information necessary
to reproduce high-quality products day after day, year after
vear, and decade after decade.

CORBETT: Corbett from Lockheed. I guess what Floyd
just said kind of to;ches on something I was going to say.
If I interpret things correctly, or 1f I interpret the intent
of this meeting correctly, it 1s to kind of rigidize the
procésses that the vendors have now -- that i1s, we assume

that someone has on the average a pretty decent nicad cell,

and we're trying to specify the process enough so that i1t will
continue to be the same.

But on the other hand, we have been buying batteries
and cells in the past completely on a performance spec, and
this performance spec has been more electrically-oriented than
anything else. And very often it's been highly specific to
the actual application of the spacecraft, and so forth.

But I would thank, 1f not at this point, at least
at some point, when we later get a better cell or a more re-
producible cell, that we could get back to some sort of a

performance spec. And I think I'd like to see some attention
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paid to the consideration of making tests on cells to deter-—
mine 1f indeed they are what you expect a nicad cell to be --
things like overcharge tests, end of charge voltage tests,
and things like this.

I think this 1s the more desirable approach, but
the only problem now 1s that we don't know what a nicad cell
1s supposed to act like., And I thaink that's what 1s basically
the problem.

BELOVE: Belove, Sonotone. There's one point. I
don't know whether anybody has mentioned this in the past,
we have a specification here and I think on the whole, I
appreciate what is trywing to be done and as a battery manu-
facturer T know why 1t's being done.

But I'm curious about something here. Many years
ago when I first started working, I thought I knew all about
electroplating, and so I specified to a plater exactly how to
rlate silver onto -- I think 1t was copper at the time ~-- and
he followed my specs. And 1t dadn't work out right. And when
I brought it back to him and I said, "Well, you can redo thas."
He said, "I'm sorry, I followed vour directions. It's yours."

And now I'm wondering, as a manufacturer, if I
follow every step of these directions, and I make the product
and 1t doesn't work out, whose product is 1t?

(Laughter.)

BILLERBECK: Well, I think there are several -~ I
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believe Tom mentioned today, and I think I mentioned it too --
that there has been some realization by the Committee that we
really don't want to rigidize the manufacturer's process.
What we, I think, really are striving for here 1s to get
testing during the manufacturing process that allows the
manufacturer himself to know his process better and be able
to reproduce 1t in the future.

And T thank that's an important input here, that
we -- and I thlnk[lt has bgen brought out as we go along --
that we feel that there are some areas that need to be
broadened to include more than one process.

We're looking for suggestions as we go aloﬁg here,
from each of vyou.

COHN: Cohn, NASA Headguarters. I dadn't thank a1t
wogld be necessary, but mavbe 1'd better say so -- that we're
not stopping R&D on nicads, because we think we have a final
process. Originally I did not feel very happy about going
into this kind of spec wraiting for just that reason, which
apparently is bothering some people now.

But the point i1s, apparently we could not get the
product we wanted without rigidizing the —- not necessarily
the manufacturing procedures, but at least the characteriza-
tion procedures. This does not mean that from time to time

these specs can't be rewritten, as we learn more and as we get

better products.
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HALPERT: I think, in relaticn to this, I think
what we're looking fOr i1s traceability as well, and recording
of the data, so that we can use 1t for some basis later on.
If we don't have this information, and we don't ask for it,
we'll be 1n the same state as we are today, and as we were a
number of years ago.

LANDSMAN: Landsman, MIT. I think an example of
this -- I think 1t was mentioned last year at the meeting
here -- had something to do with the amp hours of cells
increasing with cells being made the same way over the years
and people getting more ampere hours ou£ of them. And
somebody mentioned that they didn't change th;lr process.

HENNIGAN: I think in this case, one of the problems
we had last year --we have a gut feel that these plates were
changing over the years. Somebody had been checking them,
maybe we would have noticed a change and at least would have
questioned it.

GROSS: The specification asks that a lot of data
be taken to determine -- for traceability and for records.

In addition to the data, i1t would be very useful to have -- to
preserve samples of materials that are used from batches, so
that specific tests at a future date can be conducted on the
materials -- plates, plagues, separators,; et cetera -- that
went into the manufacture of the cells.

HALPERT: How about some comments from some of the
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other manufacturers here with regard to the spec? I think
the users and the other government people would like to hear
some comments, 1n general, from them. Is anybody interested
in saying anything?

GASTON: Gaston, Grumman. I'm not a battery manu-
facturer, but I have a cormment from what we have mentioned
before.

We go and collect a lot of information, and I'm
concerned about the data féedbacﬁ. Each user will have
various types of information based on his background, and of
¢ourse various government agencies wirll have some information,
depending on where the contract origrnated.

But 1s 1t possible to set up a central source where
the information will be sent to, and eventually you might be
able to have a much better picture, an overall picture, from
everybody's experience? And then you can tighten the specifi-
cation accordingly. I think it might be helpful i1f the
information wi1ll be submitted to one specific source, where
it can be analyzed and evaluated.l

BILLERBECK: 1 guess we're looking to NASA Goddard

{ .
as the center at the pfesent time, or NASA 1in general.

STEMMLE: Stemmle, Goddard Space Flaght Center. I

have a small comment. Itfseems'to me that jthe title of thas

spec 1s misieading. It's not necessarily specifying the
; "~

product cell that 1is delivered, but the mass of informaticn




wel 78

10
11

12
13
14
15
16
17
18
19
20
21

22
23
24

ce — Federal Reporters, Inc

25

78

that you know about it.

But I think 1t's a good spec and worthwhile. It's
a positive comment. But I think what 1t really amounts to is
that the whole battery industry in this country i1s undertaking
a vast research program in which all these parameters.that
we are specifying to the n'th degree are going to be studied,
s¢ that in the future, when a failure occurs, 1t just fits
into part of the research program. You go back and perhaps
trace 1t to a variation in some of the determined parameters.

FORD: Ford, NASA Goddard. This spec¢ in the aero-
space industry i1s not setting a precedent by any means. For
example, I was cited the other day, in talking with project
people about this type of spec, that ain other areas -~ and
they gave me the example of a valve used in a spacecraft, a
very critical valve -~ 1t's a valve that you can go out in any
store today and buy for $3.65. It cost $1700 -- to use in
a spacecraft, the valve cost over $1700. And in 1temizing the
cost, comparing what the difference was between aerospace use
and a commercial use, 1s the man-hours and materials that went
into 1t., It was basically the same materials, but the tests
that went into testing the basic material that went in the
valve. And this valve i1s manufactured by one of the leading
aerospace companies, incidentally.

So we're nct setting a precedent in this spec. 1

think we may be setting a precedent, somewhat, in the battery




wel 79

fce — Federal Reporters,
I

10
1

12
13
14
15
16
17
18
19
20
21
22
23
24

Inc

25

79

industry, 1n looking at this concept.

BENE: I certainly hope that the ratio of the
commerciral valve cost to NASA's cost asn't refiected in
batteries,.

{(Laughter.)

HALPERT: I think we're trying to look at 1t an
terms of -- we expect higher costs; certainly the manufacturers
have mentioned this, everything being cost impact on every-
thing we want to do -- I think we're certainly willing to pay

this higher price for a more reliable pirece of eguipment.
And I think 1f we have the numbers and 1f we ;an control the
tolerances and we can have a better feel that we're going to
get reproducible materials, throughout a 22-cell pack, which
is what we're looking for, then I think we can -~ it will be
well worth 1t to us. We won't have to go through some of
the problems that we're going through now to qualify and
requalify and choose materials by hand, without real good
knowledge.

STEMMLE: It might be looked upon as a cheap way of
doing research, really. We're going to have cells built for
hardware, spacecraft, aircraft projects. And these age going
to be useful cells. But at the same time they can be
considered research things. And that can be compared with

a research program of the size where you'd buy thas many

number of cells. I don't know 1n the next ten years how many
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cells are going to be bought, but 1f they were all bought for
research purposes, with no other purpose in mind, 1t would
be rather prohibitively expensive.

So 1t looks like a -- rather than making expensive
cells, you're buying cheap research,

YERKES: Yerkes, Heliotek. I presume, since you are
indicating you want to buy more paper, that vou would just as
soon get less pounds of batteries to sort of balance things
out. And I know, from having seen a number of the 1labs that
the users have set up, that the time and effort spent and
wasted in combing through the product that's submitted, 1s
certainly not cheap. And I would presume this 1s a reaction
by the users of cells, and therefore 1t's something that
obviously 1s going to have to be responded to in one form or
another, and should result i1in less cells having to be
purchased to do a gaven job in a given schedule. And the
schedule, and the time lost in the schedules, to me seem to
be something that are also very aimportant in dollars that
aren't counted in the hardware budget. You have lots of
people at these companies who spend a lot of time trying to --
as somebody said earlier -- improve their cells by testing
the hell out of them.

50 I think this 1s probably a natural thing, and --
we manufacture solar cells. We go through this same sort of

thing. And I think we're in the same situation. We start
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something like 20,000 solar cells a week right now, and some
small percentage of them make i1t on to TRW or Hughes Space-
craft or some other -- Grumman spacecraft -- or whatever 1t
might be.

And this same type of logic 1s applied here and in
many other areas, and I think ait's probably just coming to the
battery people.

HALPERT: What we hope to aveid, I might add here,
1s actually not exactly testaing hell out of 1t, or analyzing
1t after i1t's made, but trying to have some control in the
beginning so you don't have to test the hell out of it later
on to find out what you've got. Hopefully, you'll have some
prediction of what vou have, by knowing what you put into
it.

CARR: Carr, Bagle-~Picher. PFirst, qust our reaction
to the spec, as Eagle-Picher, and that is that we certainly
agree with the intent of the spec.

Second of all, in response to the gentleman behind
me, these tests are going to take a much longer time to build
cells for vour spacecraft, and I wish that the prime contract-
ors and the NASA contractors would take this into account.

GASTON: Gaston, Grumman. So far, we've only been
talking about increase in costs for the application or the
installation of this new specification. There might be some

cost savings, too. I don't say the savings are going to be
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very considerable.

In the past we at Grumman had to do a very extensave
cell selection for a specirfic f£light battery. I have a little
chart here which I had preﬁared and which certainly indicates
with a partial installation of this new specification, you
have much closer c¢haracteristics as far as capacities are
concerned and as far as voltage spreads and overcharge are
concerned .

If anybody cares, I'd like to show 1t on the wall.

I have three different batteries here. This
battery was produced in September 1968, this one was produced
in QOctober 1968, this one was produced in October, 1969,
just presently. And I compared the early cycle life capacity
of cells made prior to selection. 2And these are 20 amp hours
cells. And we found the early capacity spread from about
23.6 to 27.2 and 24.2 to 28.2, and now from 25.6 to .7.

Let me add, the last battery was a partial require-
ment or -- excuse me -- partial installation of making a
requirement of the new aerospace specification. We couldn't
install all of the requirements, because some were not
practical because of schedule involvements.

and the overcharge voltage -- we overcharged these
cells at three different temperatures. We charged at 40, 75

and 90. These are currents -- 1 amp, 1.6 amps and 2.3 amps.

Again, you see the voltage difference, or the spread, has now
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narrowed down considerably.

So I believe with the closer controls of the details
you can expect a closer coptrol of characteristics, and
eventually 1t will lead to a more reliable battery.

HALPERT: Any comments in regard to that?

THIERFELDER: Thierfelder, G.E. This 1s about
something different -~ I assume nobody had a gquestion on that.

It has been mentioned that these cells we're talk-
ing about are high reliability for five years and up.
Currently all the RFP's that I've Qeen recently for batteraies
required two yvears and less. —

Is 1t expected we'll have two grades of cells or
batteries, or is it expected on all the spacecraft that are
two years and less, we'll use the same high gquality reliabil-
1ty batteries as we';e talking about here?

HALPERT: I guess that's up to the guy buving them.
I would assume, from a personal way of thinking, I assume
that once we have imposed the spec and once 1t 1s being used,
a lot of these tests are going to be made a normal proces;,

a lot of people are going to find that these tests are vory
good indications of what they're getting out of their own
product. And thev'll be using them anvway.

And I think you'll get a standard upgrading of aill
the products, including the commercial line, of all these

materials.
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THIERFELDER: Well, the gquestion that comes up is
that, will we have to pay the cost of the five-year cell when
we only need a two-vear cell?

BILLERBECK: You could use the rejects, you know,
for the --

(Laughter.)

FORD: Jerry, 1'd like to make a comment along those
lines.

First of all, I don't believe there's any such
thing as two gualities for space use. There's only the best.

Second of all, most of your life requirements are
put 1n by project people. If you have a two-year life
requirement, that may even have been defined as far as
lleadquarters, to meet thls mission success requirement.

However, nobody i1s going to complain 1f you come 1in
and say your battery 1s going to last five years. I can
assure you of that. In order to get these long-life require-
ments, we have to look at these hagher controls.

The third point I'd like to make on this subject
ig that there i1s a definite trend in longer-lived spacecraft,
particularly in the manned space station, where we're concerined
with having to replace batteries on a shuttle-type operation.

So I think the day when we're talking about six-month
batteries, one-vyear bhatteries -- and even to an extent, a

two-year hattery -- are pretty far behind us, and we're now
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talking about five to ten yvears life. Because the spacecraft
are getting bigger, they're getting more expensive, as we
all know, being aerospace contractors.

S50 you have to look at this in the light of what
the anticipated need 1s in the next decade. And 1t certainly
1s two years and beyond.

STEINHAUER: Jerry, I1'd like to comment. First,
with regard to the Eagle-Picher comment on lead time, as
Floyd points out, wé are getting to longer and longer lifetime
satellites. Although I have seen a plan proposed, 1if Apollo
lands near Surveyor 3 that they m;ght plug in a battery, we
don't ordinarily count on that. 2And we're committed, once
we put these batteries on the spacecraft. And perhaps a
little longer lead time is going to have to be tolerated.

o SULKES: Sulkes, Electronics Command. _One question
with regard to the spec, this doesn't appear to prohibit
pre—-qualification. In other words, a small oxder 15 being
bought, but actually a large lot of plagque material could be
pre-production gualified and kept available for future small
orders; 1s this correct?

FORD: Yes, sir.

SULKES: So actually, some of the lead time could
be taken up in that manner, by having qualified plagque materiall

on hand.

CARR: Carr of Eagle-Pichexr. The spec says there's
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a six-month life on parts. So this 1s, right now, not
practical. I think, however, one part of any work to be done
in the future would be to consider how long 1s a plate good
for, and what happens to 1t as a factor of storage, so that
you can't use 1t.

We have definite feelings of our own about this.

In response to Bob Steinhauer's comment, all I
really mean 1s that the Committee, 1n assessing how much
testing should be done, I think that we should keep ain mind
the length of time that we're adding to producing batteries
or cells.

GROSS: Gross, Boeing. In the course of the many
inspections and tests, 1t will be found that some tests:are
really not adding very much to the quality. And the specifi-
cation ;Eould be flexible enough so that expensive tests can
be either deleted or shortened so that you could test them
less frequently.

HALPERT: I think we're going to find that in some
of these tests that they will be unnecessary. Once we're able
to control and get some traceabilaity on the product, when 1t
gets downstream, I think we'll -- a lot of these tests will
not be necessary. There will be one or two which we'll be
able to spell out, where the problems really lie. And I don't
think 1t's necessary to do all those.

What we're really looking for here are the optimum
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methods to look at these materials -- in this particular
section, anyway -- to look at these materials in terms of

what has happened back downstream, and how can we best assess
what's happened. Aftexr that, other than just specifying the
initial materials going into the thing, and having some normal
controls that one would expect, the amount of testing I thaink
will go down significantly, at least at some future time, when
we have all the numbers.

MC CALLUM: Mc Callum of Battelle. Because we've
just concluded a job to recommend accelerated life tests for
NASA, I feel compelled to comment on this problem of semantics,
and words we bandy around. h

There are quite a few people talking about guality
and reliabilaty and traceability, and several people have
commented it's clear to them what the intent of this specifi-~
cation 1s; and this 1s one of the things that confuses me --
what the intent of this spec is.

I gather 1t's an interim model specification for
the data to be recorded in the manufacture of cells, and that
there are not any specifications here on reliabilaty, quality,
or any other thing that we keep talking about. And somehow
you've got to get that separated, or I know we've got a real
problem.

HALPERT: Well, in answeyr to that I would say that

what we require here 1s a specification at least of the number

i, B it S
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of samples that should be taken and the tests that should be
made. Now what the numbers come out to be, and how we can
reject them, 1s the thing that we're going to have to deter-
mine downstream. And that would be the basis for reliability
in terms of a specafaication.

We can't really say right now what we can accept
and what we can't accept. We have nothing to go by. But at
least we can specify that at least this measurement should
be made, and that measurement shounld be made, and in those
terms 1t's a specification.

Now that may not be —-

VOICE: Can't we change the title, then, to,
"Specification for Amendments to be Made?'

(Laughter.)

HALPERT: The Committee will take that up.

RICHARDSON: Rachardson from Marshall. When we
first heard of the spec, I got a couple copies from old Tom
over there, and we got a couple programs at Marshall there
where we're using nicads, and in the ATM we attempted to
impose the spec on a couple of battery primes, but the costs
came back tremendously high. And as soon as the program
manager saw the cost he said that's 1t, we can't have 1t. We
can't stand the cost, and possibly schedule problems.

gas anybody here actually ever come up with an

individual cost breakdown on a paragraph by paragraph basis,




wel 89

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Ace — Federal Reporters, Inc

25

89

in the spec?

And you keep getting the wrong figures, you know,
"X" number of dollars per cell, or on a contract basis it
increased a million dollaré, or something like this.

We're talking about cells that last a yvear or less
for our programs -~ for these ATM airleck modules.

And I don't know -~ - there i1s -- I guess most of
the thaing does call for generation of an extreme amount of
data here which would be extremely good in evaluating, like
you say,1f you got downstream cne year and you wound up with
cell failures, you could go back, possibly, and plcﬁhup
something in the data that you have which may lead you to
the failure mode.

COHN: Cohn, NASA Headquarters. Would you care to
comment on the ratio of price increase, roughly at least?

10 to 1, 100 to 1. 1,000 to 17

RICHARDSON: I thaink 1t was -- one was about 5 to 1,
something like that.

VOICE: Five to one was too expensive?

RICHARDSON: Yes. On the other one, I don't have

any idea.

COHN: fToo bad. It's ridiculous, absolutely
ridiculous.

RICHARDSON: Well I agree with you, but when our
program management sees this amount -- we're running on kind

e s
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of an austere schedule and dollar-wise, and the program
managers can't stand i1t. From a guality standpoint I think
it's excellent. The spec is top drawer, let's do it.

BENE: A cost of five to one can kill any program.

VOICE: 1It's not ridiculous. What 1f he only needs
a six-month battery? They do lots of things for 30 days.

It's got to be a cost-effective criter:a.

FLEISCHER: Will this gentleman from’Ma;sh;ll please
state -- when you buy batteries, you buy how many, enough
for one satellite? Or do you buy a certain number for testing
and now what do you go through, and whét does thas éﬁst you
on your present procurement? Do you know these batteries
are going to do what you want them for for one year?

It might be interesting to hear some of the details
to set a background for why we need this spec, and why
evervbody is agreed that there has to be a specification; and
a problem that comes an, as far as 1 can see, 1s what shall
we put anto 1t and how far do we have to go?

I thaink I've stated the two thaings that are behind
writing this specaification. In other words, when you buy
your batteries now, how do vou know you got what you specified?
You want a battery that will perform for one year.

RICHARDSON: We have come up with what we call a
minimum spec, or minimum guality spec, for the batteries, which

encompasses like receiving inspections on critical items,
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review of the vendor's 1N-Process specs, and so on, and
specifying certain acceptance testing of cells 1f we're just
buying cells from a supplier, or having one of our primes

4 buying batteries or cells.

o And then we have a section based on the acceptance

6 testing of battery assemblies in that case, when we're buying

7|l the final batteries.

8 Hopefully-we at Marshall are building the CERM

9 package for the ATM -- hopefully, we will run sufficient

10}l tests in the qualification area. We have several -- we have
W} prototype vehicles -- I'm not sure of all the ones we have

12 there, we'll be doing sufficient environmental testing on

13]l the testing vehicle, hopefully, to get us a good i1dea of how
14 these batteries will perform in those areas, and through the
15| quaiification, and hopefully the implementation of the

16| minimum guality spec, whach will give us a good battery to

17| last us the year that we want.

18 FLEISCHER: Well, actually, from what you have said,
19| you're on your way to a specification of this type.

20 RICHARDSON: Yes, we have a specification which

21|l encompasses some of the i1tems that you have in here also.

22| But I can't say right now, today -- look ahead a vear and

23| say, "Yeah, that was great," or 1t dadn't buy us a thing.

24| But our program management kind of put the - - he said, "What

\ce - Federal Reporters, Inc
| 25] are the minimum requirements that you, quality, can stand
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without the costs getting out of line?"

BILLERBECK: Billerbeck, COMSAT. I think a great
deal of this depends too on whether the costs are in the
original budget for the program. If you go by and try to
retroactively introduce a factor of five increase 1n cost,
that's a real problem; wheteas 1f 1t's in the program from
the start, then you have a little better situation.

RICHARDSON: That's true.

EALPERT: I think what we have to do is —-

CORBETT: Corbett, from Lockheed. I have two
comments. Fairst of all, I thank 1t's meaningless to talk
about an "X"-year battery -- a five-vear battery or a ten-
yvear battery. And I think where this word comes from is
because COMSAT or the Air Force or someone like that talks
about a five or a seven or a ten-year spacecraft.

If you give me a battery that yvou guarantee to be
a ten-year battery. I guarantee you I can make it last for
only two years. Because everyone knows that the battery life
depends upon the regimen that.vou put it through.

But I think what we're talking about here 1is a
battery which can last for five years. and which will give
reproducible results from month to montn, and from year to
vear on lot to lot.

All this testing goes for naught if you can't be

sure after you've sampled the 1,000 cells and taken them down
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1 to Marshall to test them, that the next battery you buy is

2 going to be a different animal.

3 The other comment was that ~- on what Mr. Billerbeck
4 said before —- concerning this business of the purpose of

5 the spec. If you expect to get data on how to build a nicad

6| cell, after irplementation of this spec, or if the intent 1s

7| 1indeed that the spec will generate some good data, I'd

8 suggest that a more efficient way to go about that particular

? task 1s to sponsor work to determine what the battery should
10} be, what are the optimum parameters. And then, perhaps, the
11| spec 1s a more meaningful thing to implement at that point.

12 FORD: Jerry, I think, as a lot of people are aware,
2| we are responding to that type of reguirement. We have

14|l numbers ain the spec at this time, in some cases. In some

15| cases there are no numbers. And we realize that there 1s a

16| lot of work ~- one hell of a lot of work -- that has to be

17] done to put parameters or limits on these numbers.

18 Therefore, no attempt has been made to do this at
194 this time.

20 In regard to the gentleman from Marshall, I'd

21|| venture to say that had he showed the project manacgement in
22 the early stages the cost of testing his batteries, as

23| compared to the cost of buying a high reliability part to
24 start with, that the tradeoff would not have been too

Ace — Federal Reporters, Inc

25l drfferent.




wal 94

Ace — Fedecal Reporters,

10

11

12

13

14

15

16

i7

18

19

20

21

22

23

24

Ine

25

94

And the third comment I would like to make, in
regard to Mr. Gaston's statement, 1s about my estimate. My
estimate 1s that about 50 to 60 percent of this spec has
been i1ncluded in the most recent OAO cell spec that he was
explaining the data from. And vou'll find out when you look
at this, and really get down to the nitty gritty of the
situation, 1t's not that hard to implement. It does cost
more money. But in the long run, I think there may be a cost
savings. i
Consider the example, 1f I have to buy 150 cells
to get 66 flight—quality cells, I feel that with the realiza-
tion of a better gquality control and implementing a spec,
that may result from this, that the number of cells you have
to buy initially will decrease, and most likely the rejects
that the manufacturer had with his own facility 1s going to
decrease.

HALPERT: Okay, if I may at this particular point -—-
we're getting into our lunch hour now -- I do want to make
one cormment.

Among our very distinguished guests here, we have
some very special ones from our neighbors to the nortn, from
Canada. I'd lake to recognize Dr. Tom King, Sir George
Mackie, and Mr. Stott, from the Defense Research Establishment,
Ottawa, who have come down here and are helping us on an

international relations arrangement, to get a better spec so
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1 that we all can work well together. We appreciate your

2| coming down.

3 At this particular poant then, being a little-after
4 12:i5, we will adﬁourn For lunch., We will be returning at
5 1l:15.
6 {(Whereupon, at 12:15 p.m., the meeting was recessed,
7 to reconvene at 1:15 p.m.)
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ATTERNOON SESSION

(1:35 p.m.)

HALPERT: Gentlemen, can wve take our seats, please?

I would like to start this afterncon's meetaing off
kv farst wakine an apology to Dr, Tom King. 1 introduced ham
az Dr. Tom Scott hefore, s0 I thought T was cementano inteor-
national relations and here T was cracking them widoe oren.

T dao apoloaize, Tom.

Secondly, we are coing to glkap over the sceparator
section this afternoon and plan to start that farst thing
tororrov pornaineg,

Ve have two gentlewmen who are very much intorested
in teing here for the separator part and thev could not re
here thig afterncon. 5o we are going to skaip rv 3 and we
are qoina to skip by 4 untail 3:00 o'clock thas afternoon
and we arc goina to oo directlv to 5 at this morent which
15 really dealing with the lasic materaial.

Ckav, leot's start off with Section 5 vbhich deals
with the water and the electrolvte, and we sec fere in 5.0 am
5.1 ard 5.1.1 wc talk alout Adeionizea water ané Pow 3t i1s -
what resistancee 1t should have, The resastivaitv of the water
=rall be no lese than .5 megobms. To increasce this level to
1.0 meaohms requires removal of an addiational .5 ppm. In

Iiaht of other wpurities present an the process, 1.e., 10 ppn

cartorate 1n the electroivte, 1 prm natrate ain clectrolyte and
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approxirately 1000 ppm chloride ion in the separater, thirs
level of purity in the process, water becomes by proportion
;n51cnlf1caﬁt.

‘ T vonder if anylody had a comment about water in the
conductivity of water.

Yes?

CARR: I think mayvbe instead of saying deiorized
water, leaving vou kaind of open, I think mayle we ought to he
talling ablout again limits regarding maybe this can be
determined ty the committee from some of the work that has
Fean done on impurity studies.

HALPFRT: Any other comments recardinag thais?

CORBETT: 'This is kind of a small comment, but I
think there are 6}obably better wavs of measurina conductivity
of water to determine its purity, and wiath a cell that fron
what I can see 1s the tyvpe that 1s normally used for highly
conductive eletrolytes, 1t 1s down in the conductivity range
of potassium chlorade, and with a standard hradac, vhan you
aet un around —-- 1f the Frraidoe 1s designed to measure solutianc
on the order of this conductavity, when vou are reasuring
thinee that are in fact up around recohms the results are verv
poor. fo you micoht want to have a special cell or perbaps an
electrolys metheod to determine the purity of the water.

HALPYPT: Is there another comment alout that? o

vou think the electrolys method vovld be as accurate as usina
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conductivity cell? I don't know.

CORBFETT: I don't know, but I thaink a1t could be
des:igned for that application.

FLEISCHIER: I think that one of the things that
has heen missed in this ib: that. you. cahnot measutrec the
conductivity of certain orcanic conpounds lile sugars and
related comfoukds'that micht be an the water, cspecially in
the fall of the year vhen the water is corina off of old
leaves and fallen leaves and dried leaves, so that yvou might
Le usine water that is very impure with respect to ultimate
formation of carbonate or of materials that can affect the
eletrodes.

EALPEPT: Is your suaggestion to --

FILLISCHFP: We will have to add sorethinc to allow
for ré;;énal matter in the vater.

BERF: 5.1.6.

HALPERT: Any commerte alout .5 recohms vith respect
to 1 regohm? Does anyhody have any strong feclano cone vay or
the othexr that 1t 1s dArfficult to et .5 megchm, drffacult to
et 1 meoohm?

(o response.)

FAIPTPT: OFay, 5.1.2 where ve talk akout the
resistaivity, 5.1.3. 7T think the intent of 5.1.3 was to have
sorme ~tandardized rethod or some standardized ccll for

measuring so you don'i keep measurine vith the same cell and




1ond

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

Ace — Federal Reporters, inc

25

99
then find out downestream that that cell vas actually readarc
ancorrect and you find a way of standardizanc i1t. 2And any
other way, if there arc any other rethods, that certainly
would he reasonabhle.

5.1.4.

PRFD: Just a little point on 5.1.3. You have
listed bere the conductivityv of 1410 plus or minus 20 micromho
should he ricromho centimeters at 25 C for 10th molar KCIL.
Accordaing to the bhandhlook the conductivaity of 10th molar KCL
1s 12,880 and this 1s the conductaivity of 100tbh rolar, so
vou micht want to correct that for standardization purposcs.

HALPERT: I have a comment regardana the same thano.
The valve of the concentration is axn error and the value of
gpecific cornductance 1s in error. »And the correct numbergs
are listed,

Okay. I am surc that will he corrected.

5.1.4 wiaich deals vith the silaca contenl in the
vater. P comrent remarding whetler thie 16 —- neced a
defipition as to whether ot 18 a sailrca, gilicates, silicone
or si1licone as silicates, and I am not wvsaclf certair at tlaw
rorent whet 15 i1ntended as that =silica certent., Mevike sone-
1 oy has sorme comment about the silica content. Ve knov that
we had some troukle, and harrinea the fact that -—- we arce
talkina alout serarators today, v¢ lnow that the separator

can e a scurce of si1lica Y.asced on the vay 1t 18 processed, so
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I wonder if anybody else has a comment regardina silica or
s1licon or silicates.

(No response.)

HALPERT: I trust by your guietness that you think
it all oughkt to ke rercved; 1s that right? BAnybody see any
need for it?

HFNNIGAN: I -Jjust recently saw a patent where
slacates did improve bhattery performance. They didn't say
how much. Mne of these paper patents again.

{(Laucghter.)

HALPFRT: Okay. 5.1.5, I don't have a comment on
that one.

5.1.5 dealing with the solids content of the water
and the total organic materaials. What we are essentially
doing in thas whole section is just specifying what we mean
by deionized water. Is there any comment other than these
about the deionized water?

NIFTZEL: A comment about organic matter. I thank
vou may want a spec relataing to color. That would help solve
that problem.

FLFISCHER: Tt might.

HATIPFRT: Okay. We go to the electrolyte area,

FLEISCHER: I would like to make a comment about

this, the association of official agricultural chemists have

P I e PR NS VY
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standards or methods of determination of all the constitudnts
in water, and I think all we need to do 1s pick out the items
we apply and say this i1s the specification that we shall use.
It gqives the limits and also gives the methods of determina-
tion, and they keep them up to date. They are constantlv
revisaing them so they are up to date. So I don't thank this
should he done any other way than to accept what 1s known by
the assocaiation.

PPEUSEF: I think you foroot to read our comments
on 5.1.6.

HALPERT: Yes. PRight. I had forgotten that.
5.1.6. Sance the solid content of the water is in the range
of 10 to 20 ppm extraction of organics from thais small amount
of solid residue wouldr equare an i1nitial guantaty of water
which would be extremely large.

Did you want to make any comment other than that?

PREUSSF: No.

FALPERT: OkFay. Now we all ¥know what water i1s and
how we are going to use it. We will go on to the electrolyte
and see how we can dilute 1it.

5.2, 5.2.1 are pretty straichtforward. That should
he avaizlable from the manufacturer.

5.2.2. I have cocmrents, TIlectrolyte concentration
can and should be held to plus or minus .25 percent. There 1is

a lamat that we can look to as a numher.
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5.2.2. Another comment. This wiall reguire a
different procedure from that presently used. It would mean
that the electrolyte would have to ke hought in 55 gallon
drurs., The cost I am sure would ¢o up over the present car-
load lots. I don't think I understand that. Does that mean
a mercury cell arade is not available 1h carload lots?

FLEISCHFR: It is available in truck lota and tank
car lots.

KALPERT: Okayv.

NIETZEL: Truck lots run 2000 gallons.

HALPFRT: Okay. Another comment. EJthr‘delonized‘
or distilled water should be permitted for mixture of electro-
lyte.

Anything elsge? Anything else on the mixture or the
tolerances?

(No response.)

HALPFRT: Okay. 5.2.3. A comment from Mr. Reed
on the data showing the carbonate corcentration is .01 grams
per liter and less than that 1s normally obtained by the
method described.

Dr. Reed, do you want to talk about that?

REED: Just braiefly. We have made ordinary
lahoratory measures using thedderonized water dilutinag 45
percent koh down and we got in the order of 2, 3, possibly

4 grams of potassium carbonate per liter. I made some other
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with a little more care using distilled water, triple-dastillegd
from alkaline permanganate under nitrogen and get down around
.2 or .3 of a grar per liter, and when you get down thas far
I think it is very difficult to determine the amount of
carbonate by this method, the double titration method, hecause
the amount of acid required to go from the phenolphthalein
to the methyl purple end point is very small un%ess vour acid
concentration is very low. And meanwhile if you are using
low acid concentration you are using a very large cuantity
of acid to titrate the koh. I think we are perhaps putting
the carbonate concentration lower than is either necessary
or reasonable. \

HALPERT: Do you have a method which you would :
suggest that we could use?

REEN: No. I think the method is good but not for
determining this low a concentration. In other words, 1f we
are talkinag of the order of somewhere hetween .5 and 3 oxr 4
grams per liter, then the method is guite good and the accuracy
should bhe sufficient.

HALPERT: Okay. T have another comment with regard
to that. The specified carbonate concentration interpreted
as grams of carhonate as CO3 minus the carbonate ion exceeded
the level presently supplied as mercury cell grade koh. The
level of carbonate ion can be as high as .03 percent as

potassium carbonate or as 45 percent koh, 1f I interpret this
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correctly, to be approxaimately .2 grams of carhonate per

2 liter. By diluting to 30 percent this value does not decrease

3 to the requested .01 grams per liter and 1s more in the order

4 of .01 mohls per liter.

5 DUNLOP: I have got a comment. Two comments, really:
6 One 1s that 1f you put any additives in your electrolyte

7 then you have to change this procedure slaghtly or do some-

8 thing else to determane how 1t affects what you determine by

9 the titrataion. ,

10 Secondly, we did some work vaith W. R. Grace and I

11 think we have a method to bhecowe slightly more.accurate in

12 the carbonate by the double titration. I don't want to
13 describe that right now, but I would like to propose 1t to
14} you and show you what we did there. I thank 1t 1s a little

15| more accurate way to do it.

ié HALPERT: 2ny other comments with regard to 5.2.47
17| 5.2.3?
18 FLEISCHFR: Before you go on, mayke we can call

19§ Tommy King to tell us what they use because they have heen
20| through this problem so exhaustively.

21 KING: Well, as far as the carbonate 1s concerned,
22| we have been workang on that probklem saince about 1952 and
23| have reached@ this conclusion, that for any kattery to give
241 good performance i1t should be guite low, and for all our

Ace — Federal Reporters, Inc
25| cells we are calling up less than 4 percent.
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Now, the tatration method we use 1s the double end
point as referred to earlier and this has proven out quite
satisfactorily. However, there are interpretations of how
it should be done and I wouldn't like to get into that
discussion just now, but we have had cood success with it
and we can detect pretty accurately our carbonates two ways.
One 18 by the performance of the battery, by i1ts voltage,
and the other 1s confirming it by the analytical method.

DUNLOP: Riaght. We did the same thing. It worked
very well.

BALPERT: Is there a limat that you use?

KING: Iess than 4 percent or lower. The lower it
is the better it ais.

FLEISHER: That is dcperceéntybyoewelghinsor yvohahave
a density of 1.3.

KING: Beg your pardon?

FLEISCHER: The density of 30 percent -~

KING: fThat is raight. Less than 4 percent by
welght or less than 2 equipments. Two equipment peycent I
should say. That 1s vhat we aam for, and for any of our
batteries, regardless of what they are, we call for that and
one of the reasons as that 1f we get akove that we don't meet

our low temperature environmental recuirements that we necd

in Canada, I am talking abhout all bhatteries, aircraft, et cetg

as well as spacecraft.

Eal y
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HAIPERT: Thank you.

Is there something else?

SULKES: IJTt would appear that the .0l 1s so far out
of line with -~ let's see, he would have -- Dr. King -- 50
grams per liter of carbonate.

FLEISCHFR: Fifteen.

SULRKES: TFifteen. »2nd alsoc the volts you would gel
even on the normal handling, perhaps you are about 2 orders
of magnitude out than what vou are really asling for.

STEMMLE: A comment here. This past summer I vas
doing some reading in Pierce, Haynes and Sawver's bioretric
analysis hook and one of the ways that they suggest to make
carbonate-free alkaline solutions 1s to start with concentrates
sodium hydroxide. BApparently this biometrically analytically
removes all the carbonate. 8o my gquestion here, which may
not he aprpropriate, but would it ke possihle to arraive at a
carbonate~free eletrolyte by mixing in a small fraction of
sodium hydroxide?

RFED: The clue here, of course, is that sodium
carbonate 1s cuite insoluble mn sodium hvdroxade, bLut the
case 15 not similar wath potassium carbhonate and potassium
hydroxide. You have a very high sclubility of potassium
carbonate in potassium hydroxide. The only way I know of to
get rid of 1t a1f you have 1t ain is to preciprtate 1t with

barium hydroxide and you may not want to add the barium 1ion

L)
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to your electrelyte.
STEMMLE: Vell, my guestion would he is sodium
carbonate soluble in potassium hydroxide? It may be that it
is not and you could get rid of the carbonate this way.

HALPERT: All right, we o on to 4.2.4,  The

conmment I have, are these specific i1on electredes coﬁ..rc1ally
available and are they effective in concentrated alkaline
solutions?

I can say that the nitrate one is avalrlable ari
the chloride one is available. We have not finished enough
test methods to know whether they are active or whether they
will work ain a high concenftration of alkaline.

Some information, There i1s some test data on these
specific ion electrodes. Do we have anybody here who might
be able to comment onitthat?

GASTON: I have been informed that the 1ons
electrical electrode does not perform too well in a high
concentration and so we chose a colormetric analysis instead.
I don;t have all the details to actually answer your guestion.

FALPERT: Does anybody have anything else now oOn
the 5.2 series on eletrolyte or the water content? Any
comments? Any comments regarding this?

(No response.)

HALPERT: Okay. Coing to No. é which 1s the metal

-

container, In Section 6 I have a comment. We presently use
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neither stainless steel nor pure nickel, Stainless steel
presents a danger to the electrolyte for a potential exists
chrome will pass into the solution. For cells wath 12 amp
hours and above we utailize nickel-plated stainless steel
contaliners which are formed by a press and bhave no welded
seams.

Another comment regarding Paragraph 6.1. 304 stain-
less steel should ke permitted as well as 3041 staanless
steel.

A comment regarding 6.0 or 6.1 which regards the
material. Anybody have any information with regard to 304L
or 3047

CARR: We use stainlesg steel drawn cans in our
space batteries and we have had quite good success. We are
using the 300 series. I tkink maybe this ought to he broadene
We are using actually 305. Exactly why I don't know, but we
are,

ALPERT: Any other comments with regardé to that?

Yes, sir?

CORBETT: I have a guestion as to whv in the carly
part of the spec, which I did not comment on at that time,
why nickel i1s the preferred material and wvhy stainless 1g not
the preferred material for plating and i1f so, why should it
he different for the case material, espccially 1f you are usin

a third electrode which 1s 3in common vith thc case?

poea)
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SCOM': A practical cuestion regardine 304 versus
3041.. Y¥We note that 304 is avallable‘in stock at the mills
an the gauges that are now keing used for making cell cases
whereas 304L is not and require§ special m1ll rbns and there-
fore there 1s a definite problem of scheduling and availabilat
for 3041, that does not exist for 304.

HALPERT: Can I ask, Will, 1f vou know whether
there wi1ll be a problem wxrth dimensions, with handling of the
304%L versus the 304, 1f they had to make special mill runs?
Do you have any feelinoc for that?

SCOTT: Do you mean maintain dimensional tolerances
on the special runs?

HALPERT: Yes, right.

SCOTT: I can't comment on that. I am not aware
of any proltlems that have come up.

HALPERT: As I understand -- to clarify forxr those
vho don't know the difference, 1t is mainly in the carbon
content. I thaink it is -- no, I don't know the tolerances
right now. 304L being a lower -- heinc lower in carbon
content than the 304,

FLEISCHER: UDoes it have columbiunm in it?

CARR: That is 3.2.1, Art.

FATPEPT: Does columbimm present a problem that you

know about?

FLEISCHER: No, no. It is usually put into the
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welding rods, in gas welding, so that you don't have carhice
precipitation and that is why you want the low carbon. If
you have carbide precipitation with stainless stecl weldang
you have corrosion problems. ‘

SCOTT: I am not convinced that there may not he a
number of other alloys in this series that are suirtable for
this use. I am not sure why just the 304 and 3041, are the
only ones that have been used. It seems to me that selection
might be hroadened 1f you really took a look at the whole
supply cuestion.

HALPFRT: Do any of the manufacturers want to
comment on 304 and 3041 or other materaals that they might
be using as to why they chose those?

CARR: Probably the reason we are using 305 1s
improved drawikng, ability. These are drawn containers. And
with respect to drawn containers, i1t is not possible to hold
the tolerances in 6.5. There are two different types of
tolerances that have to he allowed and one is the hasic
tolerance on the tool and then in removal of the part firon
the tool they sometimes I cuess use alr pressure or other
techniques whach may introduce another slight deforwmation of
the can. <o these thinos have to be ta¥en into account and
I thaink e are probahl§ more in the order of a totsl tolerance

of around tharty-thousandths.

HALPERT: Anvone else on that subject?
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T ]

HENNIGAN: One company here has said -- was 1t
chromium, they would rather not use chromium because of stain-
less steel? Does chromium really have a problem with nicad
cells or not? Shall we worry about 1t?

FLEISCHER: Jerry saixd that we: shouldn't dig up
any folklore.

(Laughter.)

FLEISCHER: But this 1s one case where there is
some —- at Fdison they insisted that chromium contamination
of the cadmium negative active material will lead to loss of
performance, especially in capacity.

Now, this is the only thing I know. I couldn't
find any evidence that i1t had been experimentally tested or
what the experiments were on which they drew this conclusion.
That is the only evidence that I know of.

GRDOSS: I don't thaink that titanium cases are a
completely dead issue and T would think it would be worthwhile
to not exclude them at this taime,

STEMMLE: What about a nickel case? If stainless
steel has chromium in it, what about considering using nickel?
Is 1t a matter of not sufficient strength or not ecual strength
to stainless steel or nonavallakbality due to the straike or
what?

NALPERT: That is suggested ain the spec.

YEKKES: Mayhe some of the prime satellite
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manufacturers could make some comnent about the desirabilaty
of drawn cases for heat’ transfer reasons in bhattery bhuildaing
versus the all—weided céses. Is there a strong desire to
have drawn cases? Dr. Scott?

SCOTT: Jerry, would yvou rule on the -— would you
rule on whether that is a point of order or not right now?

(Tiaughter.)

BALPERT: No, I can't.

(.aughter.)

HALPERT: ILet's go on to the next question.

{(Laughter.)

HALPERT: No, I don't think 2t has really been
determined, at lea;t tomy -~ I don't know whether I can
answer it scientmfméally. I thank at is just another place
where we have a problem with wédd there and a place for a
leak. And as it is drawn 1t leaves you a little -— yes, okay,
so vou don't have that chance for a leak under those condition

YEKXES: They arce changing materials hecause you want
drawn cases.

HALPERT: ©No. Fe says he 1s usinc 305 instead of
304 hecause 1t draws hetter, he thinks. 2And we are discussino
the case materials which vou are rulainc on here. 2nd I am
curious as to how important it is teo have drawvn cases and are
there some valid demands that are apparently moving some of

the battery cells to be in’drawn cases instead of double-encded

Ul
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wélded cases? Is it just a weldang, inches of welding
problem?

SHFRFEY: The welded versus the drawn can used
to he a matter of weight. There is a significant weight
saving in the case of the drawn can. As far as I know thas
is no longer critical in the present spacecraft. But that
was the original reason for going to the drawn can.

I thain¥ prerhaps the reliability in terms of lealkage
in the drawn can would be higher than that of the welded can.

THIERFELDER: I just want to add one thing. When
we went to the drawn can i1t was to remove the burr from the
hottom of the c¢ell because this was a problem 1n packaging
the ee2lls. Sc when there was a weld around the hottem that
gave an additional burr to worry about.

HALPERT: Any other comments?

GASTON: My concern ahout the drawn cases if 1f you
have a tall narrow case 1t is the inside taper and the effect
of pressure so with drawing cases vou have to look at the
dimensiong and see how much of a taper or how laittle of a
taper bhecause you like to have very little taper or none, hut
that is not practical in drawn cases, so you have to consider
that in each sgpecific design.

CARR: In line with Steve Gaston's cormrent, T

1
r

thaink that the specification should include bhoth drawn

containers and fatraicated containers because there are shapes
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you cannot draw. Period.

Now, one other thing I would like to say i1s that
an reading through the section on the ceramic seal I did not
see where the cover material was called out. I may have just
missed it. But, again, we would like to rroaden that tc the
300 series hecause we use -- instead of 304 we use 303 bLecause
it is a betterpypunch part material.

HALPERT: Any other comments with regard to 6.17

{No response.)

HALPERT: 6.2. I have a comment. To conform to
trade jargon batch number should be replaced by heat.

Okay. Any other comment as far as 6.2 is concerned?
Certified analysis. Is evervbody happy with that?

(No response.)

HALPERT: Okay. 6.3. Again here I have a comﬁént
that batch number should be replaced by heat to conform to the
trade jargon,

Any other comment with regard to that?

{No response.)

HALPERT: 6.4. Comment. Add 1f reguired after

weld rod since not all welding processes require weld rod.

Any comment with regard to that and the MIl, standard

there, MIL spec?
(No response.)

HALPERT: Okay. On the tolerance on the can
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thickness and depth and wall, two comments. The il tolerance
for material and the range of .025 ainches to !030 inches 1s
specified at plus or minus .003 inches to 2 plus or manus
.004 inches. Thus in specifying these tolerancks a rework
operation would ke required.

2nother comment. Wall thickness of plus or minus
1 ma1l can only be applied to sheet stock and would be very
difficult to ohtain on a drawn container.

Any othex comments with regard te the wall thickness
of the can itself and the prismaticity of the can if we are
talkaing about a prismatic can?

(No response.)

HALPERT: I don't know whether i1t is realized here
that we do get cans that have a great degree of inward bulge
to them, and it does create stress on the plates and in the
separator in the internal parts of the cell and I thlnk\lt
does have a definite effect on, or could have a definite
effect on heat effects in the cell and therefore life. I
wonder if anybody has ever thought about that or done any
worlr along those lines to try to achieve a prismatic can, a
truly prismatic -~- or at least spec that part of the can.

(No response.)

NALPERT: Okay. We will go on to 6.6. Tach can -—
I am sorry, on 6.6 I have a comment. Since some defects are

alwavs prresent visual standards must he set. Also specificats

OILE
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should not allow brinding of weldments and other operations
such as satin finashinoe and vapor blasting which are performed
for cosmetic reasons.

Another corment --~ no, I am sorry.

Any corments with regard to defect-free cans?

CARR: There is this thing akout vapor blasting.

In order to do an cffective helium mass spectrometer test we
find that we have to l@quld hone the completed cell. 2o we
do our leak check after a liguid hone. The liguaid hone s
also done for adhesion whenever we are usina an encapsulation
procedure to install béttery cells.

BALPERT: Any other comments on this aspect on the
outside of the can? The lobks.

GASTONr I have one more comment. In my specifica-
tion I see a2 passivation of all the welded areas to MEIéF-ldO?
finish F-300, I cannot erplain at the moment why we have a
rassivation. Maybe it is something to he consadered.

In addaition, the weld penetration, some criteria
should be set as to the penetration of the weld on the welded
area.

HALPERT: Anythina else on the can or the container?

SCOTT: Ves. Unless 1t 15 somewbere else where I
haven't been ahle to find, I than)l somcthina should ke an here
on cleaning of the internal surface of the container beforc

insertion of the plate stack. And I thank that process should
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he specified or described in the information zyailahle.

HALPFRT: Any other comments with regard to this?

(No response.)

HALPERT: Okay. Again -- we have now finished €
and we would like to wait a little while before we get 1into
the ceramic to metal seal, so in lieu of this we would welcome
any comments again on the general nature, philosophical nature
I understand there were a couple of people who did want to
say sorething earlier today that did not get a chance to do so
Now 18 a good chance for vou to speak up.

STEINHAUER: Back on this cost qéestlon. This
morning 1t seemed that the cell manufacturers were guite
concerned with cost. The aerospace manufacturer 1s, too. But
recognize that this nickel cadmium battery 1s normally the
low reliabality iter of the spacecraft. It 1is also a
relatively low cost item an comparison wath the solar panel.
And this is a life-~limaiting thing for the spacecraft. I think
we can afford to put a few more dollars into the reliabilaty
of a long-life battery than we are currently doang and I don't
thark that the comments or the specification that we are
working on should be limited, at least at this point, by an
extrere concern on cost.

PFALPERT: Any other comments?

RAMPEL: T want to refer to Specafication 2.4 on

individual plate determinations. It seems that the
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1 determinations are related to capacaty measurements and nothaing
2 else.
3 If the reason for that 1s to get an idea of capacityy

4 frequency or negative-positive ratio I would like to say that

5 the negative-positive ratio varaies with the current density

6 and the temperature and the number of cycles.

7 And Item No. 2 18 that those tests for capacity

8 give no information whatsocever as to the oxygen recombination

9 rate of the negative.

10 HALPEPT: Comment along these lines? Questions?
11 {No response.)
12 HALPERT: With regard to oxygen recombination, I

13 might make this one statement. It looks like werare goang
i4 in the direction of having that as not as serious a problenm
15 as we used to have since we are now depending on various types

16 of charge control devices, third electrodes, coolometers,

17 strain gauges, and it seems that oxygen recorhination may not

i8 he as great a problemr as we have heen led to believe early

19 in the game, that we heard about early in the game.

20 KUItl: Perhaps the point he was trying to make may
21 he that regardless of the importance of oxygen recomkination
22 you might use a1t as an easy craiterion, as a test criterion as

23 to the hehavior of the product, the guality of the product.

24 FORD: I wholeheartedly agree with that comment.

Ace — Federal Reportets, Inc
25 That 1s one area in thas spec that has been totally omatted
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and I think there is a very bia need to use thais as a
screeninc criteria in the production of the cell. 2And this
beconmes extremely important in third electrode type charge
control, is the ability of thennegatrves to handle the oxygen
and recombine it in an effective manner. 2And I think there
is a place in the processes that I understand at thais pointi
that this could bevused, and as a screening device.

¥Vhat I am saving, 1t i1s going to appear in the
spec later on.

{(Launghter.)

HALPERT: Anybody else comment in dgeneral?

GROSS: I have a minoxr comment. Item 2.3.1 where
plates are to be put in containers, T wanted to poaint out
that some plastics will pass carbon dioxide vapo; f%:rly
readily, so the container should specafically exclude the
passaae of CO3.

RING: I would just like to say that we are still
stressing oxygen recombkaination, even though we are using
charge control devices in the event that such a device should
fail. We still would bhe assured of long runouts by our
hattery, and we will sticl to this recomlirnation for a long
while to come I believe,

DUNIOP: I thaink Dr. Pamrel from GF was braingang
up a poant that what you have in a cell when you farst test

it may vary a great deal from what vou maght have in a cell
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after 1t has run under certain conditions and for a certain
number of cycles, et cetera, ot cetera.

I think, thoush, that the intent here is to find
out what you have in the cell to begin with and then you can
do what I'r. McCallum was trying to do, and that is figure out
what kind of'failure analvsis you co into after the cell has
gone through some kind of time hastory effect. Put af you
don't know what you had to beoin with then vou bhaven't got a
very coofl baseline to compare what the effects of different
cycle or terperature or performance is.

The othexr point I would like to ma¥e 1s I am sure
everybody here realizes the importance of the oxygen
recombination effect and we don't want to wraite that one off,
with third electrode charge control.

One mrore point. T am ooana to start talking here
since T haven't made much noise vet todav. T did -- sittang
across the tahle from Steinhauer when they wert throuah the
desiagn review on Intelsat 4, it was very interestina to note
that for the power system the reliability of the power system
wag determined almost on reliability of the bhatteries. Thas
1s the reliabilaty analysis for the entire power syster
includina the charge control, the reculation for the entire
spacecraft load, the solar arravs, evervthina that you could
consider in the power system for the satellaite, and that

relizkrility number for a seven-year lafotime was adentical
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almost to the reliahility for the batterics because the
batteries are so much worse than anythaing clse vou put in
there.

FORD: Jerry, I would like to make one other
comment. One thing has become guite okvious in the past
couple of vears in regard to this negative-positive ratio,
the over-charge capability of cells, et cetera.

The approach in the past has been to design a
cell over a bhroad temperature range, take one item, one
design and use it for all applications. It 15 becoming more
and more clear with passing time that this 15 not necessarily
the best way to go.

What I am trying to sav is simply this, that a
satellite, like a communications satellite, that 1s going
to present an envirenment to a spacecraft hattery of 60 to
20 degrees F. would not necessarily use the samc ccll desian
as a satellite that you can give a bhattery a zero to say 32
to 50 degree T.

I thinl we have this information at our faingertips
and we arc just beginning to realize that it becormes a very
useful parameter ain long~life hatteries.

SULFES: Gowng back to somethina sreciafic, 2.4.2.8,
it calls out a paragraph and I can't seem to find 1t. What
1t means, to cut them to cell sizc and coain thoem to proper

812ZC.
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HBLPERT: 2.1.1.1.9 anstead of 2.1.1.¢€.

FLEISCHER: I would like to go kack to Rampel's
or¥ygen recowbination determination, We do actually have an
Section 8.8 an over-charge ?est in which the cell on-charge
voltage is specified and in a way this is an oxygen recembina-
tion test, but I wasn't quite sure whether you propose that we
measure the oxygen recombaination of the individual negative
plates or of the cell as assembled. So 1f you have a method
I thank everybody would like to hear 1it.

RAMPEL: What I was referrano to i1s that it is ju-t
as important to consider that as it 1s to just consider
capacity per se in those individual plate measurewents. But
in the individual plate measurements whach I imagine the
most important aspect is to decide on the negatave-positave
ratio I think that we bave to be aware of the fact that the
negative-nositive ratio changes dependino upon the rate of
charge discharge andé the temperature, because of the cﬂérqnna
acceptance of the positive at the cold end comparcd to the
hot end and what happens to the negative plate at the hot end.
It faces. 2nd the numher of cycles that is confucted. I
think those things have to he spelled out hecause othcrwise
the negative-positive ratio as determired at room temprerature,
yvou mav still get into troukle at other temperatures.

Specifically anawerina your question, though, on

the oxvaen recomkaination, yes, I do thin}t thal ecach necative
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plate lot should be ~- the reconhination rate should he
decided early in the ganme.

HALPERT: In answer to that one noint, we not
only measure the capacity of the electrodes, we also measure
the oxygen free charae capacity and the hiagh energy free
charge capacity and negative and hopefully some of these
physical measurements that we make on roth the positave and
the negative will relate back to some oxygen recombination
rate that we hope under the controlled conditions would he
fairly uniform. We are not sure that it will ke, but it
might be a help in that regard, rather than trving te measure
them on an andividual plate which would mean very lattle
inside the cell as you have just sazad.

BELOVE: Continuang on what Guy Rampel said, 1t 1s
our feeling that the necative-to-posztive ratio is important
and should not be considered in the realm of 1.2 to 1.4 to 1,

but higher. ‘

7e have gotten into working much higher ratios
than that for the very sample reason that yvou do not alwavs
know the envaironment that the battery is goina to ke used in,
nor do you know the exact current density on charge or discharg
These are varyang factors in many of the uses in satellites
and for that wvery reason that ratio must re greater than what

1s rrescribed, the usual 1.2 to 1.4 to 1.

GR0OSS: In referring to necative-positive ratios,

3G
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EH

I thank we have to distainguish bketwecn the theoretical rataos
and the ratios of what you get in the flooded test.

Secondlv, with regard to the measurements on oxygen
free capacity and hvdrogen free capacity it is known, of
course, that these are functions of rates and temperatures
and the state of charge, a variety of things, and we have to
consider the complex funcfeons that these relate to in askaing
for this requirement and pick a condition at which we want the
test run.

KING: Continuing on the subject of the overcharge
and oxygen recombination, I might mention that we test all
our cells from plus 40 down to minus 5 to minus 12, and the
test at minue 5 and minus 12 1s 120 hours of overcharge at
the ¢ over 10 rate without the pressures rising above 75 psi
as measured. And we have been running as low as 30 psa after
the 120 hours.

FORD: 1Is that dearees F?

VOICFE: What temperature?

KING: Degrees C.

CORBFTT: On Mr. Green's comment I would like to ash
him what }ind of voltage you expect to see al those low
temperatures. Do the numbers stick in your mind there?

KING: Yes. If the voltage exceeds 1.5 at minus
£

£ deagrees centiorade the cell 1s considered rejected.

STRINHAUER: DNr. ¥aing, do vou run into any prohlem
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with bydrogen at minus 5 C in a C over 10 charqe? Does thisg
pressure recomline?

KINC: AMs far as we can detect, and we have made
measurements on this, there is no hydrogen heing evolved from
our cells. Ve have had hyvdrdgencevolvédcat other temperatures
under other conditions and have identafied 1t as such, but at

.
minus 5 on the cells I am talking about, no.

CORBETT: I have one more cuestion teo Dr. Finco.

Is this the end of charge voltage or is this the
peak voltage reached at any tame dur:ng the 120 hours?

KING: The 1.5 volts is the end of charge voltage
at the 12C hour mark. Occasionally we have secn a slight
rise and we do allow up to I believe it 1s 1.57 for a period
up to the first 7 hours and after that the cells have to
settle down to the 1.5 or lower.

Usually the cells are running ahout 1.53, so that
ve are well kelow our cutoff voltage and at the hicgher
terperaturecs we are looking at 1.45 volts.

HALPERT: 2XAnyone else want to comment or make sore
general comments?

We are kind of stalline here, as vou can cather.
Coffee 1s about five mainutes to go and we would rather not
start something and then have to get up and leave it.

¥ith relation to sorme of the commente that somcone

has made on the tests, T thank that once ve are ahle to
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reproduce snome of our hasic material in some of our plates,
when we do start looking at the plate materials in terms of
the optimum tvpe of cyvcle, whether it be a synchronous orbit
or 30-60 type of orhit, wve can design hetter and make better
designs of our plates, hut at the moment since we have plates
Fhat still do vary cuite a kit and one group is so much
drfferent than the other we still cannot base any particular
measurement ox design change. That 1& 1t 1s daffacult to
make these changes based on the end desian of the cell. and
hopefully by the time we get finished with this ve w113 be
abkle to implement some of these changes and some of these
controls so we will aet uniform materials that can be
reproduced from time to time and then know hetter where we
sit with regard to how the cell is actually working under a
given set of conditions.

KINCG: Just one correction. I said =~ I bella%c T
sard 1.5 volts. It is 1.55 at minus 5 dearees.

HALPFER'T: T think everykody breaths a little bat
easier,

GRCSS: T want to help vou use up some of your
cxtra time. I will make this commert that I dadn't see in
the spec any reguirement as to whether the tabs were to he
attached after imprecnation or before. I would prefer to
have it done refore. There are some protleme that you can

et 1nto T think vou can understand 1f you do it afterwards.
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HALPERT: I think there was some discussion =—-

FORD: I helieve 1f I recollect that somewhere
in here i1t is stated that the tabs shall be an integral part
of the grid structure, of thé metal structure. I khow that
does not apply equally, but that has been considered.

CARR: As most of you are awvare, our tabks are not
an inteoral part of the plate structure and we do put them on
after we cut the plate. 1In fact, wé punch the plate. The
process here, again -- this gets into an area I thank where
we don't care to argue our process against someone else.
Again, i1t has 1ts advantages and its disadvantages. But there
if, like Dr. Fleischer says, you do 1t right, 1t is good.

{Lauchter.)

HALPERT: You attach the tabs to the plate and not
the plague; is that raight?

(Laughter.)

STEINHAUER: Since we have a few minutes I didn't
want to leave Jim Dunlop’'s comments corpletely unanswered on
reliahility, but I think there is one thing we have to look
at and perhaps Dr. McCallum can commenti. Our veliabality
predictions are only as aood as the data that we can put into
them and we have that cream tvpe of data, ve have telemetry
type of data and we are tallina about five and ten-vear rmissliol

now. Ve haven't any real time testinag on these nicad hatterie

out to that point and therefore our reliah:lity predictions
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may be somewhat more pessimistic than they might be 1f we
- had rore data.

DUNLOP: They may bhe optaimistic, too, you know.

(Laughter.)

STEINBAUFR: That's right.

NALPFRT: I did hear one comment thas afternoon
one of the manufacturers made and that i1s that they really
don't get a feedback of some of the aerospace data on ratterie
and they really don't even know how their own hatteries are
doino in space, and I think this may he a lack or break in
the communications somewhere. I think they should be fed

back. We want as much information as we can get from them.

’

We certainly want to feed them back information on how thear
materials are doing
STEINHAUER: They hear about the fairlures.
HALPLRT: 2nd the fallur;s dicd vou say?
STEINHAUER: I said they hear about the failures.
HALPERT: Yes, they do.
HENNIGAM: I would lxke to corment on that.
Normally we don't get too much information raclk or hatteries
unt1l theyv aet in ftrouble, and this 1s when thev get on
failure desian review committees.
tne thaing T would like to rention too akout the

cost ~-—- I have keen in scveral that failed like 1n integration

or during a procurement —- not procurerent, during intoaration
]

Tl




qon34

10
11

12
13
14
15
16
17
18
19
20
21

22
23
24

Ace — Federal Reporters, Inc

25

129
and maybe even at the launch pad, and these are very expensive
jitems. We kind of figure the OAO was costino at least a
million dollars to tuin around. Is that a ballpark figure?
To get a new bat@ery. Now, this wasn't for the battery,vthzs
is hecause you are holdine up the Cape, you are holding up
thousands of people 3n this country waiting for sorethinca,
They don't have anythincg to do in the reantime unless the
spacecraft is on schedule. So there is where your expensc
comes if you have hattery trouble. '

GASTON: I have a comment. I would like to make
one correction on what Tom Hennigan said. The 0AQ spacecraft
was not held up because the hatteries were late. There were
other items whach were late. The OAO was launched on séhedulc.
Tt was not the battery that held a1t up.

HEFNNIGAN: It cost a little more.

HATPERT: IHopéfuldy:thé cvoffee 15 ready out therc.
We will break and then come back and tall ahout ceramic metal
seals.

{Pecess.)

HALPERT: I would like to continue on this afternoon
1n the ceramic to metal seal area, and at this voant I would
like to turn the meeting over to Bol Steinhauer of Iucghes who
has done a creat deal of work in this area.

Bol Steinhaner.

STFRINFAULP: Thanks, Jerry.
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The spec hag been wraitten to anative metal
process and we are quite aware that there are people using
the mullimanganese(?) process and 1t 1s not an intent to
exclude that.

We have some comments that have been sent to the
Committee on 4.1.1 that there should he a list of approved
ceramic hodies and suppliers. And to add the specific
gravity in 4.1.2.

Are there any comments on that?

CARR: Fxactly how is this going to be determined?

STEINHAUER: Well, this spec as written of course
calls out I believe a 99.4 percent body. There are several
that are being used and we may want to list specific suppliers
and the approved body that has becn done previously in vacuur
tube aindustry.

CARR: Would yvou do this rather than include the
requirements for the ceramic in a specification? I don't
guite understand. In other words, in writaina the specifica-
tzon 1s it going to have the requirements for the ceramic an
1t or is it just g01né to have the vendox's name and has part
numher? This seers to me to defeat what we are tryaing to do
here.

STFINFAUFR: If 1t 1s to he all-inclusive we would -
this could expand the spec auite a bait. T thaint there are

specs alrecady on ceraric hodies that could he referenced.
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CARR: I understand. VWe are workino with a vendor
and I quess we work wath 94 percent, 97 and 99 percent in our
programs right now. We would be glad to furnish this infor-
mation for the spec review or addaitions to the spec.

STFINHAUFR: I appreciate that.

UURANKS: I have a question akout the 99.4. As he
pOLnts-out, 96 percent and 94 percent have been used to rake
good seals. Is the'purpose for this 92.4 hecause of the glass
content or the lower alumina(?) content so that you do have -~

STRINHAUFR: That 1is the specific cancern; ves.

UBANKS: So you cdon't want to use anytrang but 99.47?

STEINHAUER: I think thas has vet to be resoclved
hecause we do have proven seals used on these nicads vath a
96 percent body, and I think we would definately want to
entertain further comment -- further information to the
committee on that.

URANKS: UWell, I am assuming that the 29.4 percent
is because of the lower glass content, therefore vou don't
get the attack. Maybe that 18 the reason that you put that
in there.

STEINPAUTR: Yes.

VOYFNTZTF: I think the main point here as just what
the remainino irpuraties are. I am not certain that the
.6 percent versus the feow percent and the 2( percent male a

difference. It depends exactly vhat thesc impuritics are and
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how they are attacked. The %€ percent works cxcellently.

STEINHAUER: Usvally the major percentage is silica
on the lower bodies. i

BFIOVE: Another comment relative to what we have
spoken about kefore. Again, we are specifying a material.

We are not puttinc down limits, or not asking for data, but
we are now specifying ceramic.

New, I have no grudae against ceramic. We have
used ceramic snd we are using ceramic, but I happen to know
that there are plastic seals that are cood, have proven
excellent through the years. Nevertheless, this specafica-
tion precluddes the use of any seal other than that using
ceramic. I don't agree with this concept of the specafaica-
tion.

STEINIAUER: It is not the intent to exclude the
other seals. This specification, as vou realize, in the black
area and i1n some of theé areas that we discussed this meorning,
was exclusive there. It is not intended to be there nor here
either. I think we would want information submitted that
would give us information on the type of seal vou are referring
to.

FORD+ You are saying —-- the gentleman from
Sanatoni (?) -- are you sayving that the plastic secal 1s a
proven space seal? Fas 1t been used in space applications?

Are you saving 1t bas keen used in battery manufacturang?

R
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BELOVF: It has been made or uscd on battieres tirat

vere intended for space. Some have flown many vears ago, but

we still have batteires around in the laboratory that are
showing no leakage after many, many vears during whaich

ordinary ceramic Seals have shown leakage. And what I am

saying 1s vhile we do not have space experilence egquivalent to

ceramic, the seal appears to us,on a technical basis, apprears

to bhe worth while including in the speciafaication, providing
that the seal can meet some given requirement and if you
specify that I can understand ait. But what you are doinqg is
specifying a materaal.

STEINHAULR: Anyv further comment?

GROSS: Thas specificataon is going to -— I thank
it is going to require some design chancea, or at least
manufacturing changes. ¥With that ain maind I would like to see
a stress analysis of any new ceramic seal that is developed.
I think that this 1s one of the reasons that we have leaks
1s bhecause the encineering is not analyzed properly to begin

with.

BREDBENNER: The seal design that 13 currently hkeing

used on hattery seals has heen used for over ten yvears under
much more severe conditions thar the battery seal is exposed
to.

STEIVHAUER: The one thing present of course 1s the

electrolyte that vou do not see in a vacuum tuke application.

1
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On 4.1.2 we have a further comment. Is there a
particular dye check procedure which i1s recommended?

I think almost any company yourgo into you will
find a different one.

BREDEENNER: This 1s normally a requirement put on
the ceramic manufacture;. The one I am assuming here 1é
one that we would perform also to assure that he just hasn't
passed it Up. It is just a saimple emersion in a fushine(?)
dyve. Then possibly taking these samples and breaking them
for dafusion of dye into the ceramic.

STEINEAUFR: Before we -—-

BREDBENNER: One more comment on that. The dye
check used by ceramic industries is under 4000 psi pressure
normally, which ais quite\a severe test.

STEUNHAUFER: We have, in additaion to the comments
that were submitted to the committee earlier -- Mel Breébenner
has submitted almost a coemplete specification to us for
consideration for these metal ceramics which 1s gquite detailed
and a little too lenqthy to go ainto herc. Tt parallels, how-
ever, what is an the spec but is a lattle hit more specific
in certain areas.

Now, there are some comments that have been made
on 4.1.2 making dyve check after mechanical inspection hut

prior to 4.1.4, prior to the chemacal cleaning. Is thas an

appropriate point to make the dve check? Any comments?
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UBANKS: I think probahly the reason for that
would ke that if it is going teo be done hv the ceramic
manufacturer, thas is one thing, because the part might get
chaipped or thé dimensions may be wrong after the person who
is makina the seal gets them. But af the dye check ais going
to he made in-house, if a part does not meet the dimensional
recuiremnents it would be better to weed these out befgre you
make the dye check.

STEINHAUER: I have no comments for 4.1.3. This
1s on rechanical inspection in connection watbh chips, cracks.

BREDBENNER: I have one comment. I thin}l the 10C
percent inspection is finc for everything there except for
dimensions. I would suggest 1.2Q Level 2, MTL~-STD-105D.

STFINNAUER: $We have a comment on 4.1.4, air dry
at 120 centigrade after water wash as a recommended practice.

UBANKS: Could you -- I helieve this is your
comment ~- could you give us the rationale behind that?

VOICR(?)*T - Well, the reason T made that comment
is because this 3is sort of standard procedure, is it not,
that after chemical cleaning 1t should e air dried thoroughlyi
This may obviate -~- I think 1t obviates the necessity of 4.1.5
where you do the air firing after the chemical cleanina, hut
I think that air drvinc at 120 after the wash 1s necessary to
get the parts completely dry before doinc the "r firaing.

STFINHAUFR: But you do sti1ll recommend the airx
{
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firine?

VOICE: Yes.

BREDBENNER: After:'the dye check one step 1s
necessary to take the dve out and this normally involves a

nitric acid dip and in giving the nitric acid dip you also

remove mental marks that might be on there. If you donft remoye

them at that time when you air fire vou would burn them right
in so 1t is necessary to remove the dye and any rnetal marks.
And then this air faring should exceed 450 centigrade in order
to burn off organics or else they will just turn to carbon on
there. So the 1000 degree centigrade is faine. It 1s used on
most hlgﬁ reliability jobs that I know of.

STEINHAUER: fThere is a comment that there should
be slow cooling after thas firing and then to store in
pelyethvlene bags, but no longer than three days hefore
metalizing. Clean ceramics must not come into contact wath

>

any metal parts during handling, tweezers, et cetera, are

H
applaicable. It should bhe bone-tipped or coated with plastaic.
Since all traces of metal marks, slivers, et cetera, must
be removed to assure good metalizing. Sore manufacturers
hoil metal parts in nitric acaid for periods up to thirty-
minutes followed by rinsing and boilaing in delronized water

for thirty minutes prior to step 4.1.4. Care should be

taken to protect ceramic parts from contact with pilot flames

and gas flame curtains while entering or leaving furnace. Part

- nt
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should he fired in ceramic trays or plates, not in netal. »Mny
comment on that?

BRFDEFMNEP: Obviously thisg descrihes a molymanganes
process. The use of plastic-tipped tweezers is 51£p1y out

because 1t can leave orcanics which don't burn off in a

F

vacuum,

UBANKS: Well, maybe the term plastic should be
removed. I would like to keep the burn tip in. What I am
tryino to do, in other words, i1s to Yeep the metal marks from
agetting on the ceramic part.

STFINHAUFR: Another corment on 4.1.5. We do not
see the technical justification for air faraing. The alurina
had been previously fired to form the ceramic cylinder and 1t
is once again fired during the bracine operation. ‘

Comment on that?

PRI'DBENNER: It ais probably not as important in
rnolymancganese metalizing, hut much more important where vou
are firing 1n a vacuum. VYou bhave oot to make sure that yov
have aot evervthing off there.

STrINMDAUFR: 2ny other comments?

BREDBENNFR: To clarify that, it 1s the water vapor
in your molvmanganese %ypb faring that combined vath carbon

!
produce carbon dioxiaide and hvdrogen vhich removes the orcanics

hut vou don't get this in vacuum cbviously.

RUBTM: This 1s a cuestion I ought to direct toward

)
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Ceramaseal Manufacturers. Does this air firing causc
mjnraﬁion of any glassy phases withan the body? o 1s the
aglaze affected duraing thlé air firing? And does 1t penetrate
the body under these firing conditions?

BRFEDEFNNFR: The softening phase in these ceramics
that are specaified, the glassy phase, that as, 18 up around
1400 centicrade, so obviously you are not qoing to get any
glass mioration.

What was the other question? Oh, theaffecting of
the glaze. 1In my specification that I submitted was that the
aglaze ~- one of the recquirements 1s that the glarze must he
akle to take 100 degrees centiqgrade i1n a vacuum at 10 to the
minus 4 without chemical or -- let me find it here -- nust
erhibit thermal and chemical stabkility in vacuum 10 to the
minus 4 at temperature of 1000 C.

STETNHAUER: I would like to comment on the need
for air firinag even in the molvmanganese process. We found
in vacuum tube industry to bhe extremely critacal. It as
highlv desirable.

Comment on 4.2. Ve do net bPave a kall mxll procese.
Particle size 1s certified by the vendor fror whom we purchase
the active metal materaal. The certifaicatzion should satarsfy
the intentr of the specificataion.

BREDBIFNMER: I would like to make some changes 1n

4.2.1, .2 and .3 there. I agree with the comment that vyou
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made. What I would do is specify a powder of, in my own

2 case, 99 percent minimum purity titanium, ballimil]l another
3 powder if it will not stav in suspension vithout constant

4 stirring after mixing waith organic susrension vehicle.

3 Now, this wa; written to-constantly stir it and I

6 think we ought to have a mix that doesn’'t need that.

7 Another point here 1s that we are using a one-

8 component powder. We fieedn't worry about various -- for

4 instance, if you had a two~-component powder of 80-20 and you
10 didn't keep the right distribution there you would ohviously
1 foul up your metalzzing. One-component powder, you can only
12 put it on one component. So the worry here 1s unwarran%ed.

13 I thank the ball milling should specify the things
14 that are stated here and I specify a also.

15 JBANKS: Shouldn't we alsoc specify a particle size
16  1ike less than 7 microns or somethino like that rather than

17 sav partaicle size and size dastribution should Le --

18 BRTPBFNMER: Up to recently we koucht a 300 mesh

1?7 powder and i1t always was fine wathout any bLall millaind.

20 Pecently this company stopped making the pouder and ve bhave
21 had to resort to ball mi1lling in most cascs. We are still

22| bpuying the same mesh powder, but most of the time 1t needs

23 Pall milling.

24 Certainly there is a certain size here thatityou
Ace —Federa) Reporters, Inc

25 need, or a size distribution that you need, but after the ball
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mi1illing and a specified time and doing 1t properly and then
putting the powder in a maix, I thank theat 15 a aood encuch
test to determine whether 1t is going to stay there,

STEINIIAUER: TFurther comment on that. In moly-
manganesc the particle size was important, but even more
important seemed to be the partiecle size dastr:hutaon. It
could get drastically different results unless you reproduce
that distribution.

I have a comment on 4.2. Actave metal 1s a term
usually applied to taitanium zirconium hydride which is used
in ceramic metal seal processes hut 1s different from the
sintered metal powder process, commonly called molymanganese
but which includes molymanganese and a number of other metals.
Use of the term active metal may be confusing unless you mean
to say that onlv active metal processes will be used in the
seal manufacturing which I don't think you do.

Mo, it 18 not the intent to exclude this. There
is some concern on the attack by koh of a molymanganese metal-
izere. If vou can protect this -- this vould he of concern
1f there 1s data to show the seal to le adequate.

CARR: We are currently workine with a different
vendor on a new metalizer so I vould recommend that in writine
the specification that you put dewn what vou want an the
matter of controls rather than discussina the, vou know, the

two processes we are talkino abkout. Incther vords, wbat we
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are trying to say i1s well, we want to use lonc-tip tveezers
so we don't put any metal on it. I thaink ve ought to say we
don't want any metal on it.

STEINHAUER: Okay. We have no comments on 4.2.1.

On 4.2.2 I have a comwent. The Mill winer and ball compositio
should he hagh alumina composition to avoad contamination of
the metalizing mixture.

Anv comments on that, or other comrents?

_(No response.)

STEINHAUER: Okay. WNo conments on 4.2.3.

4.2.4., standards should be =met for green wetalizing
thickness. . I think that is fairly standard as a control.

Okay. I don't have comments untal 4.4.3. Anything
hetween 4.2.4 and 4.4.3?

RITLERRECK: 4.3.1 here, I relieve, Rol. Test
should le on actual design conficuration, referring to tensilce
test.

STFINHAUER: We have some comments that we have
heen asked not to include bhere foxr the moment.

BITLERBECK: Okav.

STFINVAUEP: Paragraph 4.4.,3. We question the
validity of a braze flac test on an allov whose contents are
certified.

2nvy comments on that?

{No response.)
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Jond? STEINHAUER: Well, then, I would lile to comment.
2 In dealing with a great varicty of braze materials,
3 and there are only a limited number of sources for these
4 previous metal alloys in this country, where we were perform-
] ing hundreds of wmpectrographic analyses a week in a vacuum
6 tube operation, we found that 1t was not an infrequent
7 occurrence that the alloy you qgot vas not the allov vou

8 ordered.

? A certified analysis doesn't mean a whole lot
10 here and the braze flag test and a lot spec analysls seem
11 to ke minimum to contrel that.

12 On 4 -~ I have a comment on 4.5.2,2. 1Is there

13 anything that anvone would like to say bhetween £4.4.3 and

14 4,5.2.27?
15 {(No response.)
16 STEIMHAUEF: 4.5.2.2. It says this test is

17 redundant as pinch tube-cover welds are inspected as part

18 of the gencral cover inspection.

19 HALPFERT: T think 1t was mentioned by someone

20 before in this area 4.5 is where ﬂe should possibly spell

21 out the alloy used in cover assemblv, vbether 1t be 304, 303

29 or what.

23 STTINITAUER: Ves. I'think this 15 important,

7

24 rarticularly on this cover and particularly where vou are

Ace — Federal Reportets, Inc
25 making a braze to that cover.
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Mel, would you have any cormment on 3041 versas
304 or other stainless materials vhere you are going to le
contacting a braze material? ‘

BREDBENNER: I thank 3041 for higher reliabilaity.
I thank 3045L having a low carben and never having to worry
alout carbide precipaitation is important, i1t is possible in
some of these welds that there could he a peoaint for corrosion
here.

303 was mentioned earlier. Tt has sulfur in ait.
It 1s no cood for welding. There i1s a 303MA materaial
recently developed that i1s supposed to be weldable., BNickel
1s probably the best material as far as not getting anto
trouble,

STEINHDAUER: VYes. I would agree waith that
particularly where braze alloy i1s ain contact with the material

RICHARDSON: On 4.5,.2.1, tal¥ing about 100 percent
inspection there for the cracks, porosity and thas type of
thina; you are talking about the weld on the panch tube an
this area? On this 4.5.2.1, are vou tall'anc about the weld
te cover the can or cover the case?

STTINHAUI'P: 7This was on the cover asserblv, so I
am curte sure we are referring to the panch tule.

PICHARDEON: Okay. There vou get into a prokblom
when you are talkinag ahout porosity. You get a lot of

poresity that is bhelow in the welded area ané vou are talking
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about inspection, you are not going to see it, not unleses vou
¥»-ray 1t. And there 1s also the possibility of internal
cracke, and here again -- here you say inspection. What do
you mean, are you talking of wvisual inspection or radiographlc
or vhat? You say 100 pecrcent. It 1s not clearlv defined
there.

STEINHAUER: The aitoms that are called out would
indicate a vasual inspection, and I would agree i1t is
prohahly not adequate.

PICFARDSON: We ouaght to say mavhe a visual -— 1f
you do say visual you probahly won't see any cracks vaith a
visual or anything like that.

STEINHAULR: Tf at is a weld this 1s true. Visual
1s very useful 1f 1t as a brazed pinch tube to the cover,
as far as the filleting and so forth,.

RICHARDSON: You know, 1t is a pretty small area
actually and cracks and welds, we have seen cracks at Marshall
under x-ray and they are srall pinute cracls that you can't
see with a wviaisual inspection whatsoever, even after looking
at ther under magnification occasionally. We actuvally view
x-ravs under maanification. But here again, we are work¥ing
with hieh pressure type of welds and a structure that you
are rogurraina to talehigbh pressures and vibration and various
harsh environments, whereas this, therc could he some high

pressures involved, hbut --
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STEINHAUIR: Recognize that in 3 velded asscrbly
this would bhe true. In a brazed assembly x-ray may not ke
an applicahle technique. Tt is very dafficult in a ductile
alloy. ‘

RICHAPDSON: Then vou get to the point if you x-ray
what 1s acceptakble and what 1s not acceptakle. 2And vou can
get all kinds -~ you get into problems there zlso.

STEINHAUER: Great.

CPNSS: I agree with the speaker. We have tested
by x-ray a number of seals and in all cases been able to
detect some defects.

I tould like to add a general -- T would like to
see a statewment added in the specification whach gives
rreference to seal designs that can be inspected by x-rays.
Most of the seals now manufactured can he inspected ry
x-rays, but 1t is extremely tedious and a difficult operation.

STIINHAUER: On 4.5.2.3, cover asscmirly lot 1s
undefined. This 1s one sample per lot. We haven't specafied
a sample size and thas, of course, 1s goinag to dererd on an |
individual manufacturer's process, the nurler that actuelly
goes throuah in a bhatch assemblv.

Any comments on that?

GASTON: T have a comment on 4.5.2.1. I lelaieve

trat you also inspect for weld splatter which occasionally

occurs and probably could eventually fall into the cell.
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STEINBAUER: If it is on the underside.

GASTON: If 1t 15 on the inside.

STEINHAUFR: VYes.

SCOTT: wWith reqard to 4.5.2.3, I thaink this is
one of a number of cases where possibhly the final wefding
mayhe should he referred to the MTL Standard 105D ox otherx
applicakle sarpling pléns and not just numhers picked
arhitraraly out of a hat. I think maybe we need to go through
this thaing i1n a number of cases and actually lock at what
is available and what is heing accepted in terms of
statistically valid sampling plans and work those inte the
spec.

STLIWHAUER: '?es, I agree. The question is,
thouah, that each manufacturer puts through a certain lot
size of parts throuvah their process and the variakles that
vou get wathin that batch may not bhe the same as the next
bateh and I think the original aintent of this vas ore sarple
per manufacturina batch to know that the furnace or the
vacuur bhraze was i1n control for that lot.

Tt would he nice 1f thas was a continuous nprocess
and' 2t vould definitely lerd itselfl to statistacal samplina.

BREDRENMEP:  One thing that 15 emitted irn thas
aroup 1e spot weldang and the qualrty thereof.

STFINHAURR: O©Of the negative terminals or vhere in

rartreoular?
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BREDBENNER: Well, there is eitler a comh or a luo
there on one side and a lug on the outeiade of tle can.

STEINFAUFR: True.

RICHAPDSON: RAlso your thirxd electrode there also
spot weldina it 1s a possibality. You have a tabh attached
to the third electrode which attaches to the cover.

ETEINIAUFR: Yes.

FORD: I mioht point out 1t is prolably already
ohvious to many of you that the spec deals with a standard
aerospace type cell. There 1s no attention addressed to
the third clectrode cell in the spec. However, it will ke
a natural fallout that after this spec i1s finalized the thirxd
electrode requirements will be included as part of the final
specification.

GROSS: With Ford's comment in mind 1t would secem
reasonabhle to make sure tﬁat the format and the paracraph
numher assignments have adequate roon for rev thangs that arc
going Lo le added at a later time so that they will fit in
in a logical manner.

STTIMPFAUFR: Okay. On 4.5.3.2 1t 1s reccemmendoed
thre use of dual thermoccouple one monitor at the rotteom at
the end of the load zone and one contrel at the center of the
load zone., Chart recorded.

This 1s a matter of process control on the furnace

or on the equipment.
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The next comment we bhave 15 on 4.5.2. Arc iLhere
any cormments hetween 3.2 and 4.27

(No response.)

on 4.2: why does the customer nced this type of
information, especially since the end product undercoes such
riqid testing?

This-1s 1n reference tc the recordine of the rraze
tire and temperature cycle,

UBANKS: Well, 1t may not ke necessary for the
customer to really know these numbers, but as a matter of
process control I thank thevy should ke recorded, and of course
1f the customer would like to loclk at thesc data rool = and
so forth, 1f something goes wrona I see no reason vhy he

shouldn't. But I do thin} that this information should Lo

recorded as a matter of process control, braze tiwme and

ternperature.

STLINMFAUER: I defanately aoree witl that. It has
heen, extremely useful to bhe able tec go racl in oqe case to
complete lot traceabiality and faind ovt cack varaial le withan
the metal ceramic process of a lot that farled te sec 1 therc
vas anv correlation. Tt turned out not to re, but 1t was
extremcly useful to have that information.

4.5.4.6.

RICHARDSON: DBack on this 4.5.4.3, vou say visual

inepeciion usina maonifidation where reouvired. This could
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s,

give you a proklem because 1f vou dor't spell cout raanifica-
tion one inspector is going to use a 5X, vou knov, and the
next guy down the line will use a 50¥ and he rejects the whole
damn kFunch because he sees something under there that you don't
see under the 5X, so i1f you are going to say use magnification
vyou ought to spell out 5X, 10X or elce say visual reriod
assunming now allowina any maanification.

STEIMNHAUFP: Agrceed. It 1s common to use 10X in
the vacuum tube industry. I would make that as a suggestion.

RICHARDSON: Tt ought to he spelled out.

STRINAEEUP: Agreed.

Anything on 4.4, 4.5? Insulation resistance, leak
check, 100 percent?

("o response.)

STEINFAUFR: On 4.5.4.6, 5 percent random sahple 1s
considered excessive. This 1s on braze quality metallurgical
sectionaing.

Fvervhody aarees? Five percent is all riocht.

HALPFRT: TFive nrercent of what?

STrINITAUER: Of the numler of parts.

HALPFRT: I thanl that vou have to srell out whkat
the sample 1s and determine hov many you are going to check
from there, howv much 18 a atch. Thet w111 tell yvou what
the random sample should@ he, especially 11 vou are going to

usne a MIT-8TDR-105 whach wall tell you hov manv vou could then
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look at. So 5 percent coulG he a lot or 1t covld be a little.

BELOVE: The procedures specified sample size based
on a percentace of a lot 1s a poor vay of selecting a sample.

STEINHAUEF: I thank what we have to do is define
a manufacturing lot from a sampling or statistical standpoant.
Yes, we should specify a MIL standard procedure, but each
person making metal cerarics has a different manufacturing
lot =s1ze, and 1s this sampling procedure throuah daffercnt
manufacturing lots arplicabkle?

BPERPINNER: Xt 18 impossible to apply MIL-STD-105LD
on destructive testaing. If you have a lot size of 1C vou
will bust almost every one of them. You have got to somewherc
vhen you are doing destructive testinag use » percentate figure
Vher 1t aets into real small lots, obvaiocusly you don't get
enou&gj_hut you should do at least one or two. &o you can
set a minirum number hrased on say vou are doing 25 pieces vou
would wreck one or say we will treak one out of cvery 25 or
not to exceed 5 percent of the total lot.

SPEINHAUFR: Ves, Jerry?

HALPFRT: VFould vou expand on vour sitobkement? Lore
you talling about only the ceilines nov or akout all sarples?
Fould you crpand on what vou mean?

BELOVE: T vas paraphrasina vhat you were saying
refore ahout the MIL spec 1s rased upon the fact that in order

to get a decision hased on a numbher of rejectes that de<crihe
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the level at which you will accept ahé reject, that ir turn
works back to tell you what an average sample nurter shoulce 1of
And srecifyinag the percentage doesn't perform that task. In
fact, 1t works acainst vou.

STLIMHAUFR: Comment on 4.5.4.6, destructive peal
test to see entire hond area and adeguacy of hond.

I believe that s/as.a Ceramaseal comrent. T take
At that 1s a recommendation? Destructive peal test to see
entirec bond area and adequacy of bond.

BREDBFNNER: The reason for that was the fact a
metallurgical section only sees —-- you only sce a small part
of the seal. Ceramic to metal seal i1is corronly the hest way
to check them 1s to peal them. You get a feel for the
streneath as well as vou see the entire rond area.

- STEINAHFUR: An¢ your corcern was whether vyou pull
ceramic or -—- okay.

NALPFRT: 1Is that a standard test?

CREDPRENNER: Yes.

STEINMHAUER: Arvre there any further comments in
thas scction?

(Mo response.) |,

STEINHAUER: T lLelieve Mel Bredhbenner reocuested to
comment in general on metal ceramics. Mel? 1'e? Okay.

MAURFP: I have a comment. T think we =hould

consider another test on some sample of the lot which includes
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thermal cycling of the seal, perhaps in a durry cell confiquray
tion with voltage applied. This has a tendency to accelorate
leakage of potassium hydroxide along certain elements in the

seal, say minus 48 degrees centigrade to plus 150 degrees —-

sorry, Fahrenheiat -~ one hour each for 4C or 50 cycles.

STFINFAUER: As a shock test between the two
tenperatures?

MAUREF: Not really a shock test, no. Just a thermal
cvele that allows sufficient time to not induce great strains
in the seal. I am not thinking of the thermal shock so much
as just flexino at.

STEINHAUER: VYes.

MAUIRER: 2And this induces weak points to breal and
leakage to be induced.

PAMPEL: I think along those lines that should he a
qgqualification 1tem on the seal when first designed hecause af
you are going to braing that sort of thainc in you also have
to take the ceraric materaial and ko1l 3t in KOH for a few

months and mecasure the rate loss and do catotic and anodac(?)

oxidations and so on and so forth and I just assume that this
vas done in the bheoinning when the seal was desianed and
qualified.

SCOTT: I tend to agree that the type of test
indicated hy the numbers for thle thermal cycling and all don't

appear to me to e suitable’ for ir-process control testinc.
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They are more of a qualification nature.

EREDBNNER: It is éomvon to call out a reguircment
that thas assembly must take thermal cycle from such to such
under certain conditions, yet not required as a production
test. It can always give you something to fall back on 1f the
don't pass.

Maybe I shouldn't have said that.

(Iauchter.)

GRO3S: The thermal cvcling test 1s nevertheless
very useful for determininc if i1n a general sense how aood the
cell seal if and it would he useful in paicking up any long
term changes in a particular design. So an occasional cell
feal tested 1n this wav would@ give vou an idea of bowv that
particular seal has changed aver the vears.

STEINPATTFR: I would like to corment here. I amr
strongly in agreement on thermal cycling, Iut recoanize that
the metal ceramic or any seal that qgoes through a furnace or
vacuum kraze operation gets a pretiy severe thermal test after
that rraze solidifies. Put stall, therral cycling, we urce
that intensively ourselvers, Foth in rmalitarv and space
arplications.

Yas?

MAURFR- I was coinc to =say tl al =some cersmic seals
wi1ll fail this test ain one cycle. Some plastic scals wall

fail 1t 1n a few cycles. 2And a well designed plastic seal
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w1ll last for 2000 or 3000 cvcles. The longest ceramic
seal that I have had éxperience with was alouvt 40 cycles.

Mow, 1f vou have an automatic -- a prograrmmable
oven, cold chamber, these cycles can he carried out, 40 cycles
in roughly a veek's time with no troukle at all. Sc we are
talking about a weel's worth of vork, not months of work.

STFINHAUER: Anything further?

RICHARDSON: Talkidg about minus 40, you sad plus
what, plus 160 or sowetbing like this?

MAUFNER: What temperatures you are operating your
batteries at. Our batteries are hopefully operated in a
fairly nomihal range above —-- around zero degrees C to mayke
plus 30, so really we are not ocoinc to see a~tremendous amount
of thermal shock on these seals. So normally i1f you are
testing to these lover range limits and higher range limits
1t is normally in qual area when you get to exceed:ing these —-
1f you iwrere to run acceptance tests on scals you would want
to maybe run them i1n a rance that your hratteries were going
to sce. If vou are going to operate ther from zero to plus
40 ¢, maylre that 1s the range you possably maoht want.

MAURER: I agree we want to modify these numbers
rased on your use mode. 1In the Bell system we sec towmperature
variations of this type. PBowvever, ycu want your test to

exceed the limits of your application so vou have scme margin

of error in the ceilina, You micht not want to go to the

FrYL
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extremes that I mentioned, though.

BREDBENNER: I think the real thing that causes

these seals to fail 1s not temperature, but pressure that
builds up ainside. Just simple thermal cycling wouldn’t do
anything. We do it on everything minus 50 to plus 150 C.
But I think 1it's the pressure buildup on the high temperature
side that causes the seal to actually fail, and this anvolves
getting a strength value on the design as such, on a push out
of the seal, to see what it takes.

MAURER: 1Isn't there a flexing in the seal area
that occurs during a thermal cycle, and would this not tend
to cause fatigue in a bond that's not as good as it might be?

BREDBENNER: The seal as designed i1s under com-
pression, and any heat you put to i1t begins to relieve that
stress that's already on 1t, until you go above a certain
point -- whach 1s above 450 C., usually.

In the range we're working in, we're actually
relieving the seal. In addition, in the flange area, there's
a built-in flexing, relieving the pressure on the seal area.

STEINHAUCR: I would like to comment on something
that I forgot to say before on 4.3.1. The original intent --
I think this was =a typographlca} error -- was to have the
sample tensile strength must exceed 6,000 p51{\wﬂlch 15 not

an unusual number for any of these processes, ratner than

600.
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Further, on this question of pressure that has been
brought up, we have tested the sceramiseal seal by taking a
nicad cell and pressurizing with nitrogen gas. The yield
point, when the cerami¢ started 1liftaing and the stress relief
collar bending over was between three and four.thousand ps..
This 1s what the cell major walls restrained.

50 the small pressures that we typically see 1in
orbit -- 75 to 100 psi, or more typically down around 30 psi,
are really not excessive for these seals.

MAURER: I'm thinking of fatigue cracking.

STEINHAUER: Cycling -- yes,

Okay, I think that covers the general ceramic
sectaion. ‘

HALPERT: Thanks, Bob. I want to remind you -- if
you haven't signed the attendance list, that's important, not
for attendance hut to receive copies of the minutes of this

meeting. So anyone who has not signed the sheet with thear

name and address, please come down to the front after the

meeting and do so, so you'll be sure to receive that,

At thais point I think the next section we go to is

number 7. We're going to skip over three until tomorrow

morning. The next section is number 7, "Production Processing

of Electrode Assemblies.” And for this part of the meeting
IT'11l turn 2t over to Floyd Ford.

FORD: Could I have your attention, please? Okay.
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We will get started with Chapter 7, "Production
Processing of Electrode Assemblies."
I have one general comment from a particular manu-.
facturer that says:
"This chapter applies to a specific process and by
its nature excludes all other processes."

I have no comment on paragraph 7.]1.1l. Is there any

comment from the floor?

Paragraph 7.1.2 -~

RYDER: Ryder, Gulton. I do have a comment on 7.1.1.

FORD: I beg your pardon, I found 1t. Comment:

"Is there a technical justifacation for the control

of humidity in a formation facilaty?"

That 1s pertaining to paragraph 7.1.1. Any further
comment on this paragraph?

{No response.)

PORD: Paragraph 7.1.2 -~ I'm sorry.

CARR: Carr, Eagle-Picher. Is there any justifica-
tion for this tight of a temperature tolerance also? ¢

FORD: Any other comment?

{(L.aughter.)

I hope, 1f we get through this section —- we've set
a tentative time to adjourn, I believe about five o'clock, that
we probably wall have time to go back and dascuss philosophy

and rationale behind some o0f these statements.
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The next comment I have 1s on 7.1.2. Comment:

"Inasmuch as the most rapid rate of carbonation takes

place in the first hours of exposure to the atmosphere,
1t is recommended that the time permitted to store
electrodes‘ln this environment be reduced."

STEMMLE: Stemmle, Goddard Space Flight Center. I
call into question that assumption. This past summer I éld
an experimént wherein I measured the rate of accumulation of
carbonaélon in an open beaker of 30 percent KOH, and 1t seemed
to be rather linear for six weeks. There was no rapid rise
that I detected, at all.

At the end of three weeks, in an initially 7.2
normal KOH, we had about 3 normal potassium carbonate. ‘

FORD: Any other comments in regard to that para-
graph?

BOGNER: Bogner, JPL. I think you should specify
maybe the level of clean room grade, different levels of clean
rooms.

PORD: Okay, thank you. Anyone else before we move
on?

Paragraph 7.1.3; Comment:

"We presently use a polyvamide or tefloh sheet to

isolate the stack from the can and a filler of simalar
material to prohibit the vertical movement of the stack

within the can.”
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Another comment:

"In order to produce a cell, other items must be
added 1in addation to the place separator and electrolyte;
that is, terminals, combs, ceramics, braze materials,
et cetera. I think that this paragraph would serve the
purpose better 1f 1t put the requirement on the purchaser
of the cells to designate the materials he d1d not waish
to have in the cells rather than have the manufacturer,
who has the ultimate responsibility for the cell, to
have to seek permission for the materials which he has
been using for some time."

Is thexre any additional comment from the floor?

GASTON; Gaston, Grumman. I think 1t 1s easier for
a manufacturer to supply the material he uses than to specify
what yvou don't want to use. It's a tremendous last.

FORD: Other comments? Okay. We'll move on to the
next topic. 7.1.4. I don't have any general comments appli-
cable until I get to paragraph 7.l.4.4. Is there anything that
anyone would like to bring up, between those? Yes?

CORBETT: Corbett from Lockheed. I have a comment on
7.1.4.1 and also on what you said about 7.1.3.

I think the danger in for former paragraph is that
you specrfy alkali resistants, which doesn't mean too much
as far as what the stuff might do to the cell. That 1s, you

talk abcut perhaps the material, the resin itself, remains
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intact and keeps its adhesion, but 1t may contribute impurities
2 to the cell.

Also, in regard to the comment that you read on

4 foreign materials, I think we certainly do want to exclude

5 all materials except those specified. And I thank we do want
6 to require that approval be gotten for other materials. I

7l thaink that's the whole point of the paragraph -- that you do

8| want to eliminate anything that's really dangerous, and in

?1 general 1 tﬂlnk you ought to eliminate things that you don't
10| know anything about. |

11 So you don't have to know something about them to

12l want to eliminate them, I guess.

13 FORD: I gather we're talking about a list of

14 specified components that will go into a cell.

13 FLEISCHER: Have we déflned alkali resaistant in

16| this specification? I bring this up because 1n my experience
i7{| we had a customer to look into the encyclopedia and discovered
18| that Tenite, the plastic made by Eastman Kodak, was alkal:

19| resistant. And he used 1t in a cell. It 1s not alkali resas-
201l tant, and 1t caused us a lot of trouble until we discovered

21 what he was doing.

22 So I think we're going to have to have a definition
23 for 1t. We need to 30 peécent KOH.

24 FORD: 'To answer your question, I'm looking under

Ace — Federal Reporters, Inc i
25|l the defainitions under paragraph 1.2.3. I do not see a
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definition to describe thac.

MAURER: I think you need to specify that the alkal:i

will not leach material out of the material in guestion.

FORD: Is there any other comment before paragraph

7.1.4.4? TIf not, I'll read the comments I have on that
paragraph. Comment:

"Is there a technical justification for having a
minimum soak time of 16 hours? If not, this limit leads
to delays 1n processing.”

Comments from the floor?

(No response.)

FORD: Paragraph 7.1.4.5., Comment:

FLEISCHER: Excuse me. Did he propose a minamum

time of soaking for this?

FORD: ©No, would you like me to read the statement
again?

FLEISCHER: Yes, please.

FORD: "Is there a technical justification for having
a minimum soak time of 16 hours? If not, this 1limit leads to
delays 1n processing."

FLEISCHER: Well the answer to that guestion 1s yes.
There 1s a technical reason for this. We can take up hours
in explaining 1t, but the answer to the question 1s there 1s.

(Laughter.)

FORD: Okay, we'll return to that if time permits.
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Paragraph 7.1.4.5. Comment:

"It 1s our experience that stainless steel clips
will corrode under the formation environment. Since
pure nickel clips are not readily available, it 1is
requested that thas paragraph include nickel-plated clips.

UCHIYAMA: Uchaiyama, JPL. On your last comment
there, I believe that is referenced back earlier in 2.4.3.1.5,
about the nickel-plated. I think that there's a little incon-
sistency about the two parts, but 1t will work itself out.

FORD: Thank you.

The next comment I have is on paragraph 7,.2.1.1.

Is there any comment from the floor before that?

SULKES: Sulkes, U. S. Army Electronics Command.
7.1.4.7, where you talk about bubbling out and replacement of
deionized water. Do you propose that the same electrolyte
will be used for multiple formation cycles, or fresh electro-
lyte should be added -- or you should replace the electrolyte
for every formation cycle?

FORD: I don't believe there is any mention made of
replacing the electrolyte.

SULKES: Do you feel perhaps this would be a better
way to do 1t?

FORD: Are you asking me for my opinion?

SULKES: Yes.

FORD: I think 1t would be desirable.
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Any other comment before paragraph 7.2.1.172

GASTON: Gaston, Grumman. Paragraph 7.1.4.6. 1L
feel there should be some requirement how securely these
plates are fastened togetheér, should be added. Whether 1t 1s
by connectors, there should be some minimum resistivity --
elther minimum resistivity value, or some specification of
how tightly they should be connected.

FORD: Other comments? If not, we'll go on to the
next comment that I have. Paragraph 7.2.1.1.

"Edge coating of plates should be allowed."

Comments from the floor?

GASTON: Gaston, Grumman. Edge coating could lead
to problems. If it's allowed 1t has to be carefull} consid-
ered in the material used, and how well 1t adheres and how
well 1t adheres latexr on.

I've seen a fallur; mode to edge coating.

FORD: Other comments?

REED: Reed, Battelle. 7.2.1, about coining plates.
If we go back here to 2.1.1.1.9% we've already decided that the
plaques should be coined prior to impregnaticon. So I wonder
what 18 meant by this paragraph 7.2.1?

FORD: I would thaink there's a redundancy in the
two paragraphs.

The next comment I have 1s on paragraph 7.2.2.3.

Does anyone from the floor have comments on paragraphs leading
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up to that particular one?

CARR: Carr, Eagl?—Plcher. With regard to 7.2.2.2,
I don't believe we can cover all contingencies for sample
plates. I think at's like the color standards. I don't
think you can set up standards by showing things like this.

I think this was attempted on soldering, and they
found 1t very difficult to, by samples or pictures of solder
joints, to show good and bad. There's always something that
falls in between someplace.

FORD: Other comments?

(No response.)

Comment on 7.2.2.3:

"With previous sorting as recommended by us, the

allowable rejection rate should be significantly reduced.®

Second comment:

"Because of the stringency of this specification,

it 1s éxpected that more than 10 percent of plates

could be rejected. However, with sufficient 100 percent
inspection, and all subsequent testing which follows,
the customer should be assured that he does get a
reliable product. We, tﬂerefore, take exception to

this paragraph whereby total spirals can be rejected.’

RICHARDSON:; Richardson, Marshall. I notice you've
put a flat 10 percent. Would 1t be better to use a MILSTANDARD

105.p., depending on the total quantity of plates? Some
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manufacturers might build 3,000 plates, or something -- a
given lot, and another manufacturer may only build 100. And
your MILSTANDARD would take care of your lot size, in lieu
of a flat 10 percent across the board.

FORD: Okay.

CARR: Carr, Eagle-Picher. Again, I would like to
recommend that an action such as material review boaxrd auth-
ority be considered before indiscriminately throwing away
lots of material.

HALPERT: It seems to me that 1f this material can
be used, in fact, in a commercial cell, I don't see why they ~-
they'd probably be good for commercial -- we just want to make
sure they're high:gquality in terms of aerospace.

CARR: Eagle-Picher does not manufacture commercial
cells.

(Laughter.)

FORD: Anyone else care to comment?

CORBETT: Corbett from Lockheed. This 1s not
directly on the matter at hand, but since Earl has brought up
the point of a material review board a couple of times, my
experience with organizations of this type, and quality
agssurance organizations in general, 1s that what happens when
you have a particular technical problem i1s that the guy from
MRB oxr the gquy from whatever QA orxrganization it i1s, eventually

comes to the battery guy or the solar array guy or whoever 1t
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is and says, "What should I do? Should I reject it or should
I buy 1t, or what?"

So these people are not technical speclalists.
They're just people who are paper shufflers, who are charged
with the responsibility of handling a particular problem.

(Laughter.)

And I just don't think that that‘snreally solving
the problem, to give 1t to the MRB, you know. It's a way of
buying off a bunch of plates that you might want to hold onto,
but that's about 1t.

CARR: Carr of Eagle-Picher. Bob, the purpose of
MRB 1s not just to guy off material, but it's to very
definitely assign a corrective action and the procedures
you're going to follow from thence on.

But just because 10 percent of the plagues may have
a let's say what actually may be a minor problem, doesn't
mean -- and let's say that the lot can be screened 100
percent -- and the other 90 percent does not, does not mean
we should throw the plates away.

RICHARDSON: Richardson, Marshall. That 7.2.2.3
there which says ——- 1t refers to 7.2.2.4 -- and 1f you look
through the a,b,c,d,e there, these are visual inspection types
of things here. And really, what you're really talking about,

1
to 100 percent, you want to inspect all plates. And i1n essence

here, for the surface type defects and visual defects, that
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you cited in 7.2.2.4; so here again, you're going to wind up
with a batch of good plates and a batch of scrap plates,
really. Because there isn't any -- in essence you don't have
any MRB 1f you've got all these cracks and nicks in the edges.
They're bad plates, and there probably wouldn't be any MRB
to accept or reject the bad ones. But maybe you'd want to °
come up with a change in the process or something of thl%
natur?, to maybe why.you're getting a lot of blisters, or why
you're getting a lot of cracks, or something like this.

CARR: Carr, Eagle-~Picher. Right, John, I agree.
That's the purpose of MRB, 1s to assigh a qualified team of
engineering, production and guality personnel, to analyze
what the problem really 1is.

RICHARDSON: Right, but in material review action
there's always a "use as is" disposition as one of the altern-
atives. And obviously it would not apply i1n a case of
defective plates.

CARR: Right. But we're dlscusélon this provision
whach says that 1f you've screened through the plates and
you've got 10 percent of them that have got bad edges, 1t says
throw them all away. And I disagree with that.

FORD: Okay, Earl. I think your point is taken.

One comment I might make along these lines in regard to a
material review board is that usually, or in most cases that I

have been aware of, you're faced with a production schedule at
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the same time as you're faced with a material review board.
And I can tell you, they're not always compatible.

SCOTT: Scott from TRW. Floyd, I was just comparing
that paragraph that we wereé talking about, 7.2.2.3, with
paragraph 2.4.2.6, which establishes acceptance level on a
lot basis for a spiral. 2and I don't know right now quite why
we are still accepting -—- we're still applying lot rejection
criteria in section 7, having already done 1t in section 2.

I think those may be not compatible. You may want to take a
look at that.

FORD: Okay. Other comments before we move on to
the next paragraph?

(No response.)

Paragraph 7.2.2.4. Comment:

"The following is recommended in place of this

paragraph as being more realistic and practical:

'L.0 After completion of cutting plagues to pl?te

Slize, or prior to assembly into a formation pack,

a 100 percent inspection will be performed on

positive apd Pegatlve plates using the following

criteria as a basis for rejection:

1. A crack in the sinter exceeding 1/2 inch in

length on both sides of the plate will be cause
for rejection.

2. A crack on gither side of the plate exceeding
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three inches in length and two inches in
width will be cause for rejection.

(Laughter.)

VOICE: That doesn't make sense. It sounds like a --

FORD: Let me read that one again to make sure I

didn't =-- .

{(Laughter.)

"2. A crack on either side of the plate exceeding
three inches in length and two inches in width
will be cause for rejection.®

(Simultaneous conversation and laughter.)

FORD: All right. I'd like to read over all of

these before I ask any comments, 1f I may.

"3. Intersecting cracks will be cause for rejection.

"4, Parallel cracks within the pitch of one hole
pattern.

"5. A crack, regardless of size, that gives evidence
of flaking will be cause for rejection.

"6. Rough edges, burrs and snags exceeding 0.001
inch. This inspection will be made with Aylon
gloves to feel for pulls on the fibers of the
gloves. Inspection will i1nclude the entare
electrode surface.

"7. If pimples or blisters are 0.002 rnches above

the electrode surface or the sinter material
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1s breaking away from the grid, the plate
will be rejected."

At any time while I'm reading this, if you want me
to go back, please stop me at that point, and I'll re-read 1t.

"8. Tabs will be free of sinter material.

"9. Coining of edges will be a minimum of
0.015 inch,

"10. Plates will be of uniform thickness over
the entire surface area {(plus or minus
0.002 inches). A 10 percent random sample
will be selected for thickness determinar
tion. If all samples can meet this thicke
ness requirement, then all plates are acc-
eptable. If one or more plates from this
sample cannot meet this thickness reguire-
ment, then 100 percent inspection will be
performed to eliminate plates which do not
meet this requirement."”

That concludes the comment. Now I'll open the floor
for comments.

RICHARDSON: Rachardson, Marshall. Let me ask one
question here. Does any -- does this actually get measured,
actually go on and measure each plate for 1 mil cracks, width,
or anything? That's in 1 mil thick? On a 100 percent basis?

A crack that's -—- and also on the length, okay. Wait a minute,



http:ntelntoa.Wz
http:Coini.ng

wael 17

10
!

12
13
14
15
16
17
i8
19
20
21

22
23
24

Ace — Federal Reporters, Inc

25

171
there's rough edges and burrs, half a mil -- I don't know,
I'm asking the question -- how do you measure this? I don't
know of any -- this would be an extremely time-consuming
process to me, to do this, on a 100 percent basis. I don't
know how you could do it, without a lot of shadowgraph or
something like this, inspecting them individually.

HERZLICH: Herzlich, Sonotone. My remarks are with
regard to blisters. I believe that no blisters should be
allowed.

GREEN: Green, Martin. I notice one thing in here,
that in both the comment‘and in here, that we are attempting
to do something real exotic here, in inspecting these, and
now we're getting into the fact that we're depending on the
human feel.

I think possibly that something could be done about
that, into some method that eliminates the human element.
This feeling with gloves, nylon gloves in particular, has not
proven to be anything more than to tell you at's there. It
doesn't tell you how much or why. And I think some other
means should be thought of in the finalization of this, to
come up with some good mechanical means.

FORD: Other comments from the floor regarding
that paragraph?

(No response.)

The next paragraph, 7.3. As you are aware, it
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alludes to two methods to be used for plate identification and
cell serial numbering.

Okay, commeht on paragraph 7.3:

"Method A results in excessive losses due to the
fact that the formation pack must have the same number
of plates as the cell, and a single plate rejection
during formation necessitates the rejection of the
remaining good plates; this 1s rejection by assocration.”

Second comment:

"We use and recommend a method somewhat different
from either of those proposed. The formation is conducted
as outlined in 'B'; however, in assembline the positive
and negative cell stacks, the plates are selected accord-
ing to weight and thickness in order to arrive at uniform
stack assemblies. These assemblies then remain fixed for
all the following tests."”

Any comments from the floor?

CARR: Carr, Eagle-Picher. We don't form in any of
these ways. We perform a formation stop before we build our
cells, but we do an added formation step in the cell itself.
And we would like for this to be considered.

FORD: Other comments?

FLEISCHER: I didn't understand the last remark. You
mean you do not have a formation of the plates before you

assemble them ain the final cell?
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CARR: If you're talking about the balance of the
positive capacity versus the negative capacity, this we set
finally in the cell itself, rather than setting the balance
of precharge or whatever you want to call it, the discharged
negative capacity against the charged negative capacity, we
do that in the cell itself.

We do a formatlo; step before that, but it's merely,
in essence, a cycle, rathexr than a formation as i1s used herxe
in the specification.

FORD: Other guestions?

SCOTT: Scott, TRW. In the comment that was read,
there was a term —-- the business about matching positives and
negatives -~ positive and negative plates by weight and thick-
ness -- 1in order to arrive at a uniform stack assembly.

I don't know -- I'd like to know what uniformity --
how the term "uniformity" is being used there. Are you
talking about thickness, compression, capacity, or what?

FORD: I won't call out the specific people that
made the comment. If they feel free to do so now, they may.
If not, we'll pass the question on for later clarification.

SULKES: Sulkes, U. 8. Army Electronics Command.

In your Method B,where you form cell packs and then break
them up, you do have end plates which do have different

charges put into them, than the - rest of the plates. These then

are distributed i1n an uneven manner throughout the batteries
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when these packs are broken up.

Would you feel that i1t would be advisable to have
the end plates removed and discarded?

HERZLICH: Herzlich, Sonotone. We find that thick-
ness and weight offers only very very poor correlation in
terms of matching. And the successful methods that we suggest
include a capacity test of each plate. And matching the plates
according to their andividual capacity.

FORD: I think this morning that the gentleman from
Sonotone mentioned -- this 1s what you're talking about -- you
prefer the.100 percent capacity measurement on every plate?

HERZLICH: On each plate.

FORD: On each plate.

HERZLICH: And then bring them together in a matched
cell.

BELOVE: Belove, Sonotone, There's one other
thought in thais, along this line. And that 1s, many of us
have seen and heard of the effect -- that nickel~-cadmium cells
and the plates of nickel-cadmium cells appear to have some
sort of a memory. That 1s, they react in the future in part
in accordance with how they've been treated in the past. In
other words, they -- a variation in charging regimen oOr
discharging regimen may alter their performance on future work.

We believe in this case, then, that all cells ~- all

plates should be tested and that Martin Sulkes, as he mentioned
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before, the end plates, we believe that these plates are
being tested differently than the others, and this i1s one of
the reasons that we say all plates should be tested individ-
ually, rather than in cell packs, where you do have end plates,
that will be tested or Subjected to a regimen that 15 slightly
different than the internal plates. And this difference may
turn up later in cell performance.

RAMPEL: Rample, General Electric. 1I'd lake to
clarify something that Martin Sulkes said before, about the
end plates, also., And I fee} t+hat whether or not they should
be discarded depends on the last discharge, the final éls—
charge.

SULKES: Sulkes, U. S. Army Electronics Command.
Basically, they don't necessarily ﬁave to be dascharged, but
the way method B 1s set up, they're allowed to be mixed in
and you could end up with 4 or 5 of them in one battery. And
since they do have a different characteric, this could cause
a problem and non-uniformity.

PREUSSE: Preusse, Gulton. I'd just like to offer
something to confound some of these statements, but not offer
any explanation for performance. We deliberately manufactured
a cell with negative electrodes, wholly made of end plates in
formation, and put them through the process with cells in
which end plates were interspersed in the cells. And 1in our

18 days of acceptance testing, in the process we found no
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significant difference, statistically, at the capacity, over
charge voltage or pressures in the cell at all.

That's for interest purposes.

FORD: Other comments? My next comment is on
paragraph 7.4. Therefore, 1f anyone from the floor has any
comments on method A and method B, i1t's open for discussion
at this time.

I might comment that we are very interested in
looking at the method where plate identity is established and
maintained throughout the life of the cell. There appeas to
be some justification in maintaining traceability from day
1 on the plate group all the way to the end of life performance

Comment 7.4. Lou Belove:

"The testing of plates in formation packs i1s consid-
ered to provide 'average' results. For space appllcé;
tions, plates tested as individuals provide the basis
for maximizing cell uniformity and overcharge capability.”

And I believe you had a comment you wanted to make
from the floor?

BELOVE: ©No, I'm passing up the comments because
1t would merely be redundant. It's been repeated and repeated.

FORD: OQkay. The next comment I have 1s on paragraph
7.4.2(d). Are there any comments before that, from the floor?

SULXES: ©Sulkes, U. S. Army Electronics Command.

One basic philosophy I think that perhaps should be brought up
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is either you do individual plates, which certainly gives you
a bigger advantage, or you might just as well build these
packs right into the cells and do your work there.

Since you really end up with the same result, you
save an awful lot of handling. BAnd the cost, let's say, of
putting it in the cases is not as much as all this extra
work that you're going through here. You just might as well
reject them in a cell, 1f they're bad.

CORBETT: Corbett from Lockheed. Floyd, I'd like
to ask what you meant by 7.4.2.(b). I don't quite understand
what that paragraph means there.

FORD: You want me to interpret that?

CORBETT: Yes.

FORD: 1I'll read that statement:

"The volume of KOH contained in the formation
container shall be equal to or greater than the volume
displaced by the cell pack.™

In other words, you want sufficieat KOH in the
container ~- you have twice the volume of the cell pack of
KOH in the contalner.

CORBETT: So the volume of the tank really has to be
twice as big as the total --

PORD: Right. BAny other questions?

The comment on 7.4.2{g) -~ I'm sorry —- 7.4.2(d}:

"We are not sure that this is at all possible,
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because of the proximity of formation cases, and the
fact that some out-gassing may occur with the expected
entrainment of electrolyte. I think the practicality of
obtaining the required resistance must be demonstrated
under practical conditions before this paragraph becomes
a rigid part of the specification.”

I'll read the other comments I have in regard to

7.2.2, I have one on paragraph (g):

"The tolerance of plus or minus minutes does not
have any technical justification. A tolerance of plus
or minus one hour in a 24-hour charge would hardly be
51gnif1can£, and 1t would be difficult to justify reject-
ing a formation because the overcharge ran for 24 hours
plus three minutes. Although we recognize the need for
tight controls, they must at the same time be reasonable.
We would recommend that a percentage of time, that 1is,
plus or minus 4 or 5 percent, be considered.”

The next comment I have is on paragraph (h}:

"It 1s requested that the tolerance be extended to
plus or minus 2 percent, and that this figure 1s reason-
able from both a practical and technical standpoint.”

The next comment I have 1s on paragraph (1):

"Since Section (h) of this paragraph practically
dictates individual power supplies 1f these supplies are

in effect i1solated from one another then the 2 meter
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system 1s redundant. We therefore propose that in those
cases where those individual 1isolated power supplies are
used, 1l meter be considered sufficient.”

That conclddes my comments onh paragraph 7.4.2(a)
through (k). It's open to discussion from the flocor.

MAURER: I'd like to say that we should put something
in on how the voltage should be measured, and at what point;
because of errors that can creep in because of the voltage
drop in leads the voltage reading point should be as near to
the cell plates as practicable.

FORD: Okay. I thaink we get into that in the next
paragraph; however, I don't believe 1t specified -~ that
there's any reference made to lead drop, or exactly at what
point the voltage should be picked up.

The next paragraph, 7.4. --

SULKES: Floyd, I've got one. Sulkes, U. S. Army
Electronics Command. Basically, after you've gone through all
this trouble and all this expense, you'vre using awfully
sloppy meters and basically not taking the data -- where now
1t's getting to where you've put all this expense into 1t —-
1n other words, 1/2 percent meters are not uncommon, and I
think in all our Army specifications we use plus or minus 1/2
percent meters. The same thing on the difference between two
meters. Here again you shouldn't allow plus or minus two

percent on the voltage, which 1s (3). It would appear that
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1 actually this probably should be continuocusly recorded. And
2§ I think there is certainly eguipment available nowadays that
3] can do this fairly easily and inexpensively.
4 FORD: Other comments on that paragraph?
5 (No response.)
6 Paragraph 7.4.3. Comment:
7 "We take exception to this paragraph for a number
8 of reasons:
? (a) The method of resistive loading of the cells
i0 results in the continued discharge of the positive
il between 0.5 volt and 0.0 volt. Because of voltage regu-
12 lation requirements, this positive capacity is unavailable
13 to the cell user. At the same time, that this positive
14 capacity 1s being reduced, available negative capacity
15 1s also being diminished and becomes unavailable in the
16 ratio tests.
17 In the case of a 20 ampere-hour cell, we have found
18 that we obtained approximately 28 ampere-hours positive
19 capacity to the half volt end point, and an additional
20 8 ampere-hours when we one ohm to 0.0 volts end point,
21 and a total measure negative capacity of 42 ampere-hours.
22 When we compute the ratios if we base it on the
23 resistive loading technique, we end up with a ratio of
24 1.2 to 1. However, 1f we computed 1t by determining

A”'$““”R“mm“'gg positive capacity to 0.5 volt we obtain a ratio of 1.5 to
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Again, since the positive capacity obtained between
0.5 volt and 0.0 volt 1s for all practical purposes
unavailable to the cell user, it should not really be
considered as a factor in determining the cell's perform-—
ance,

(b} It has also been our experience that the -0.2

volt 1s arbitrary and does not necessarily represent
the failure of the negative, therefore, we would request
that this value be changed to -1.0 volt."

That's all the comments I have on that paragraph.
It's open to discussion from the floor.

CORBETT: Is this the whole paragraph now?

FORD: Yes, we're now talking about paragraph 7.4.3
in general.

CORBETT: Okay. Corbett from Lockheed. I think
paragraph {(d)} i1s kind of a sensitive one for me, because
you're talking about a percentage of the manufacturer's rated
ampere-hour capacity. And I think different manufacturers for
dirfferent sized cells and for different projects have a
different 1dea of how much excess capacity you have to built
into these cel}s. And 1f there's anything that this kind of
specification achieves, I would hope it would be a standard-
1zation of the capacaty' of the cell, and the active material

that's 1n the cell, compared to the rated capacity of 1t.
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BELOVE: Belove, Scnotone. I believe that in order
to make this meaningful, the rates used for charge and dis-
charge should approximate as much —-- as closely as possible --
the actual -- and the voltage, incidentally, should approx-
itmate the end use as closely as possible; otherwise, I do
not believe this 1s meaningful. It's an approxaimation, but
1t does not come close to what will actually be obtained in
cell or battery usage. That goes for the -~ for example,
discharging down to .5 volts. Well, we have seen cases, and
I think most have seen this, where some cells will last longer
than others to any given voltage, however, a different voltage
level.

Now, 1f you are interested in providing a family
of cells in a battery, and thereby provide long battery life,
you must then know the voltage as you go along, ahd 1t must.
be usable wvoltage. )

RAMPEL: Rampel, General Electric. With reference
to the negative/positive ratio to plus 1/2 volt, and comparing
1t to the negative/positive ratio at 0 volts, I would like to
mention that one may obtain a low ratio at 0 volts, down to
0 volts, but we have to consider the fact that when one is
charging a sealed cell at cold temperatures, shch asr32 degrees
F., the charge efficiency of the positive 1s close to 100
percent, and so that will be the true ratio down to those

temperatures.
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HERZLICH: Herzlich, Sonotone. We believe that the
1.2 to 1.3 to 1 ratio 1s 1ll-advised, and would like to
recommend 1.75 to 1 as a minimum.

FORD: May I clarify a point herxe? I don't think
that's intended to be a ratio, 1f you're looking at paragraph
(d). The ampere-~hour capacity of the positive plates, as
determined in paragraph (b) above, shall be a minimum of 1.2
to a maximum of 1.3 times the manufacturer's rated ampere-hour
capacity. Okay?

CORBETT: He's talking about paragraph {(g), though.

FORD: Oh, I'm sorry.

CORBETT: Where it also said 1.3.

SULKES: Sulkes, U.S.A. ECOM. 1In (g}, i1t's 1.3 plus
or minus 0.5. Does that mean the ratio i1s from .8 to 1.8?

VOICE: No, that's .05.

SULKES: ©Oh, okay.

FORD: Let me point out one further thing. That
you're not determining the total negative capacity in paragraph
{g). Ycu're determining the minimum acceptable capacity at
that point. It may be 1n excess of that.

RUBIN: Rubin, from Texas Instruments. A guestion
to the gentleman from Sonotone is why he thinks the negative to
positive ratio should be that high? Is there any technical
support for that? Has Sonotone evexr looked to the effect of

pore volume filling, or the effect of cadmium loading and plate
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thickness? On the effects of over pressure?

There 1s quite a bit of data that I believe was
published in the power sources conference when i1t was conduct-
ed in 1967, that shows high electrolyte fill as well as high
cadmium loading can effectively stifle oxygen recombination
rate.

And also, a heavily loaded cadmium pore will tend
to block and fade much more rapidly than a more lightly loaded

one.

PREUSSE: Preusse from Gulton. I think that there

1s also a hypothesis that the oxygen recombination character-

1stics are based on the number of active nickelcytes, and not

on the negative capacity available i1in a cell. And if there's
any question, I wonder whether Dr. Seiger can expand on it ~-
can substantiate it.

SEIGER; I think there are about five manufacture;s
of nickel-cadmium cells here, and each one uses their own ~
method 1in obtaining characteristics. Some may want to use a
ratio of 1.3 or thereabouts; others may want a larger ratio
of 1.7 or greater.

All of these depend upon how they want to design
the cell and what they want the cell to do. It also depends
upon what the cell does as it ages. As well as the conditions-
the rates, and the temperatures under which the cells are used,.

I believe 1f we went to volume IITI of last year's meeting --

1
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the minutes of last year's meeting, you would see that we had
this particular aspect brought up. As a matter of fact, 1t

was Jim Dunlap who asked the question I had given a particular

answer still hpldq.

I could give an answer of what I want, or how I
want to design the aerospace cells that would perform. I'm
sure that Ed Rubin has another answer for his plates; Rampel
has another for his, and Herzlich another for his. And we
want to consider all these things.

We're dealing with five different manufacturers --
not with one spec, really. But what should come out of thas
r1s what i1s the best way that each one should make their plates.

FORD: Thank vyou.

RAMPEL: Rampel, General Electric. With regard to
ratio in general, whether 1t be 1.2 or 1.3, the need for
higher negative to positive ratios 1s really a necessity to
provide varying degrees of precharging of the negative.

HALPERT: On that number 1.30 plus or minus 0.5,
we're looking, as you said, for a minimum negative/positive
ratio. Why would we want to -- and what you want to consider
1s why we need a plus or minus on 1t. If we want 1.3 that
should be the minumum. We wouldn't want 1.3 plus or minus
anythaing,

In other words, 1t can be plus anything, but the

minimum should be 1.3 or 1.25, whichever i1s decided on.
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FORD: I think, aif you'll read it again, it's 1.3
plus or minus .05 times, the positive plate capacity. It just
gives you a tolerance in multiplying yvour numbers out. But
a minimum of 1.3 is what really i1s being asked for.

Other comments?

GROSS: The objective of the specification is to
obtain long—-iife batterires; long-life I believe 1s ample test
data that shows that long-life is promoted by operation at
low temperatures. And so, therefore, we would like to operate
batteries at low temperatures. At low temperatures, however,
the negative plates have lower efficiency, and one would
expect, therefore, to require a larger amount of negative
plate material.

FORD: Other comments?

(No response.)

I see 1it's about four minutes after five. I think
we're at a fairly good point to break. If there's no objection
at this point from any of the other Committee members, I think
we'll start off in the morning at nine o'clock at paragraph
7.4.4, “"wWash, quse, Drving Platés."

I'd like to thank you for attending today, and
especially thank you for taking part in the meetindg; because,
after all, you're the people who are going to make this spec
work.

(Whereupon, at 5:05 p.m., the meeting was adjourned,

to reconvene at nine o'clock a.m., Friday, October 31, i1969.)
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PROCEEDINGS

HALPERT: I just have a couple of quick comments.
There were two briefcases left in here overnight, and
they were taken out to the guard house and they havé been
returned. If you are missing a briefease, you can claim it
I guess come see me and I will see 1f I can find them,
They're 1n the back of the room somewhere.

Second, if vou haven 't signed the roster, please
make sure you 8o so to receive a copy of these comments
of the meeting. If there i1is anyhody who came in today
Who does not have a copy of the specifications, we have
copies here which I will be olad to pass out to you. Is
there anybody who does not have a copy of the specs this

norning.

Okay, I guess we'll go back to number seven and
Floyd Ford.

FORD: Good morning. Before I get started I would
like to reiterate a point that was made yvesterday. 'The
purpose of the microphones that are beina handed to vou
1s to facilitate the recording of your voice, so that the
reporter down here can use these tapes to fill in any
place that may be void in his records. So, this mornine
when you want to make a' comment just indicate by raising
your hand, and the gentleman on the right or left aisle

w1ll hand you the microphone. And if 1t takes a couvnle of
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seconds to get 1t, we'll wairt until vou have the micro-
phone in yvour hand. But 1t 15 really for evervone's bene-
fit because I would like to know that everyone's comment
does get recorded.

We are on paragraph 7.4.4,

Comment: From the point of view of carbonation,
we recommend dryving under vacuum rather than in eirculating

air for 24 hours. Are there any comments in regard to
7.4.4?

FLEISCHER: I'd like to make a comm;nt on that.
I'm sort of surprised that the engineers will allow that
commend to stand, because what vou do in a vacuum is you
have heat transfer problems, so that unless you have a
circulating gas you're in troubles. And the equipment
that you need will go way up 1n size.

So, you are trading off dollars here. It is much
better 1f you have a circulatinag gas, and it would be
better actually if you are worried about C0O, to take it out.

FORD: The next comment I have in on paraaraph
7.4.4.,2. 1Is there any comment leadinc up to that para-
graph?

Comment on 7.4.4.2: We should like the techni-
cal justification for the 55°C limit on dryina of plates.

That's all the comment. Are there comments from the floor

!
on that paraagraph?
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1
rms 3 MAURER - Po the negative plates at this time
2
have a state of charge adjusted, and do we really want
3
to dry charge negatives in air at 55°?
4
FORD: According to the previous paragraphs
5
the negatives may have some charce. 1 say "may." And
6
most probably they will,
7
The next written comment I have 1s on paragraph
8
7.4.6(a). Would anyone care to comment on paragfraphs
9
leading up to that paragraph?
10
Comment up to that paraaraph, from the floor?
11 - '
{(No response.)
] 2 + - *
This 1s going to be a slow morning.
13 ‘ ’
Comment: The applicable portionsof MIL-W-8611l
14
should be defined. There are some provisions ain that
15
specification which are not at all practical. A comment in
16
regard to (b) of that paragraph: We question the technical
17
qustification for the plus or minus .003 inches alignment
18
tolerance.
19
Okay, are therxe comments from the floor?
20 .
FLEISCHER: I notice in some of these suggestions
21
1t says that in this one there i1s no justification, or
22
what 1s the justification for one percent, but no suggestion
23
was made as to what 1s considered to be a reasonable fiqure.
24
2nd I don't see how the members of the panel who wrote
 Ace ~ Federal Reporters, Inc
b 25
: this specification could haw access to all of the information
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which decides on what a percentage figure shouid be, and I

think the suggestion should be made we think that this

tolerance should be five percent or seven percent or whatever

is considered to be a reasonable manufacturing tolerance.

FORD: Other comments?

GASTON: Gaston, Grumman.

I would suggest than an alignment fixture be
used so vou would get a close enough tolerance or very
close tolerance in the alionment of the plates.

FORD: One romment I might make even though this
1s not a third electrode spec, thistolerance of alignment
of plates, particularly 1n certain types of third electrode
designs 1s most critical to present shorting of the third
electrode, which will be covered i1n a third electrode spec.

Okay, the next comment I have written is in
paragraph 7.4.8. I would entertain comments between those.

RICHARDSON: Rick Rachardson, Marshall.

In 747 I would recommend you add a samilar paragraph as
you have in (d) in 746, "“inspect for loose particles and
materials when you're wrapping the plate stack." We have
seen indicatiaons in the past where you get extraneous
particles on the plates which become embedded and possibly
after vibration or after conslderable use you could get a

short in there.

I think this ought to be 100 percent final inspectiol

191 1

!
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there, when you are wrapping the plates, inspect for any
loose particles or extraneous material.

FORD: Would you care to comment on what type of
particles you are referring to?

RICHARDSON: Pieces of silver. We've seen silver
solder,occasionally, expulsion particles from weld tabs
from the third electrode to a tab that would get embedded in
the separator, Okay?

FORD: Yes.

RUBIN: Fubin, TI.

If 1t 15 the intent of the spec to have the
operations listed in 7.4.6 and 7.4.7 to be séquential
operations, then I recommend that the manufacturer have the
option to do these in their own order of operatlén since
there are advantages to wrapping a plate stack with a
separator prior to welding. For example, bending of tabs
back and forth, this also does disturb the alignment.

One comment on the alignment, plus or minus
5000ths is probably a better number.

FORD: Would vou brina the microphone down here,
We have a comment in the front.

GASTON: Gaston, Grumman.

I would like to give an additional comment to the

gentleman from Huntsville. I agree, ves, particles can be

found and we have found nickel particles in the separator
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embedded. And the inspection for loose particles is very
important. And 1t is a possible failure mode.

FORD: I guess I'm kind of curious on whether
particles are in the separator to start with or whether
they are coming from the handling of the separator, et cetera.

RICHARDSON: Richardson, Marshall,

Here again maybe some of the battery manu-
facturers may elect to wrap the plate stack first prior to
welding the combs of the tabs, and here again you'd Wang to
provide some protection of the plate stack on top of 1t
in case you got anyexpulsion particles again when you're
welding plate tabs in the comb.

And what was that other gquestion of yours now.

FORD: I was just curious as to where the problem
with particles in the separator is identified with
particles in the separator before it is ever used or
actually in using it to put 1t in the cell, these particles
got into the separator.

RICHARDSCN: No, they were not embedded in the
separator. In other words, they were relatively larce
particles that would be extraneous to the separator. They
are not really small -- in other words, embedded in the
Pellon or something like that?

FORD: Yes.

RICHARDSON: WNo. To my knowledoe we haven't found
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anything like that, small particles embedded in the Pellon.
T guess 1t 1is possible you could find some%hing in there.

FORD: Other comments before we get to
paragraph 7.4.8? Last call.

{(No response.)

Comment regarding paragraph 7.4.8: We take
exception to that section of that paragraph that calls for
a total rejection with no retest allowable., It i1s possible
for cells to fail the short test because of moisture, and
i1t is therefore common to allow at least for air or vacuum
drying of the stack.

If in fact the cells fail because of faulty
separator, we see no reason why the cell should not be
rewrapped and then retested, We see no problem generated
by rework at this point.

Comments are open for the floor.

MAURER: If the short occurred because of a very
fine particle 1in one of the plates poking through the
separator, a rewrap may fortuitously avoid that short the
second time, and 1t would reappear after a slight amount of
shock and vibration. So, I would vote for leaving that
rejection in.

GASTON: Gaston, Grumman.

In the present OAQO cell specification we permat

one rework cycle, so permrtting one rewrap providinc records
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are kept, but a maximum of ohe rework cvcle.

FLEISCHER: Peference was made in the ob7jection
that there was moisture present, and it isn't clear where
the moisture comes from.

Number two 1s that some of the manufacturers just
sal1d that they wrap first and then do their welding and
this would show up I take 1t after the weldaine.

FORD: Yes.

FLEISCHER: So, now, you are going to rework
this group, spreading the plates apart.

FORD: Yes, that's sort of the question. And
the comment does not allude to that, or no one else had
made a comment in regards to if you have the ‘hahs welded up
then the concern I think would be in the flexina of the
tabs to some extent to reweave the separator. And in some
cases though this test may be run before the weld is made
in which case a rework would be practical.

FLEISCHER: Well, I just wanted to brino out
these points that the procedure may have something to do
with what is allowable and what is not.

FORD: Other comments from the floor?

SCOTT: Scott from TRW.

I suggest that maybe this reguirement of a
hundred megohms resistance be looked at and possibly

adjusted to resolve the difference between the effective




rme 9

10:
11

12

13
14
15
16
17
18
19
20
21

22
23
24

Ace — Federal Repotters, Inc

25

196

meisture and the effective other shortina particles. I
suspect that a reasonable valne could be much lower
resistance than that. So, I think that resistance require-
ment there should be looked at before this thing is re-
salved.

FORD: Other comments?

SULKES: Sulkes, U.S. Army Electronics Command.

There is no provision here that says they can't
run a precheck of this very test before welding is made
which in effect would allow a rework. In other words,
they can do it before if they want to.. The other thing, I
believe you do specify certain humidity limaits which

probably would hold vou to this value and you shouldn't have

that problem,

Since you know what the test is your manufacturing
procedure should be set so that you don't run into problems

with 2t.

FORD: Other comments?

SCOTT: One more. I don't feel that we know enoudh
about the absolute value of completely dry separators at
this point. And 1f some degree of moisture in the separator
18 no problem and that degree of moisture gives less than

\

100 megohms, I think we're on the wrong track. .Tust the

fact that the separator has some water content isn't necessarilp

bad at this point.
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FOREL: Anyone else?

FLEISCHER: Your remark about the resistance of
the separator, as I recall, if you take a sheet of cello-
phane which has been preserved properly under the right
humaidity and temperature controls that are recommended by
duPont and you measure the resistance Meqoer, you get up
to infinite resistance, so that the separator shouldn't
be a problem here in determing this.

I thank your 100 mégohms is a suitable fiqure,

I could have been infinity.

t kS L3

FORD: I might point out that we also are talking
about Pellon or the woven «- nonwoven(?) Nylon. You
mentioned cellophane --

FLEISCHER: WEll, that's the one I had measured.

FORD:” Okay.

HALPERT: These plates are put together --
prepared to put together in the cell -- they are clamped
together in such a manner as to fit into the can or slide
into the can properly. And if vou have a plus or minus
2 m1l -- what we're asking for is plus or minus 1 mil ~-
but even that's a 20 wil variation. If you have to squeeze
the plates by that difference in 20 mils, vou can get
almost any resistance variation between the —- even in a
Megger reading. It is not infinity. And it varies all over

the lot I would say.
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]l FLEISCHER: You mean lower than a hundred meg-

rms 11
ohms?

3 HALPERT: It can go lower or greater. If
4. there are no short problems, and if the separator does
3 not ~- I don't know what the edfect of humidity is, but
6 if there are no short problems, I would expect it to be
7 greater than 100 megohms. So that number 1s a reasonable
8 number, but I don't think it would be infinity, because
9 of the fact that we're gettina closer and closer, and you
10 may really be close enough in terms of distance where there
11 18 maybe reasonable resistance. ¥t's in the breakdown
12 of the actual materials.
13 FLEISCHER: WE1ll, I'm satisfied that a hundred
14 15 a reasonable figure.
15 FORD: Are there other comments?
16 GROSS: Gross, Boeing.
17 One of the important objectives of the specifi-
18 cation 15 to obtain uniform, consistent processes by the
19 manufacturerse., I don't think that this is the taime to

20 include waivers in the specification.

21 When the manufacturer finds that something is

22 wrong, not passing the short test, for.example,then there

23 is something wrong with the process. 2nd this should happen
24 once or twice and it should be straightened out. And 1t

Ace — Federal Reporters, inc

o 25 shouldn't happen again.
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FORD: I see no other hands, so I assume that's
all the commernits. So, we'll move on to paragraph 7.4.9.

Comment: A weight gain within plus or minus
three percent appears to be high considering that the
electrolyte can be filled to within plus or minus 0.1 cc.

I have no other comments until I get to para-
graph 7.4.9.5,

MAURER: I we a comment. We haven't gotten the
plate stack into the can vet at this point.

FORD: Okay. It apparently is out of place, but
it applies in this paragraph. Thatlis a good peint.

NIETZEL: Nietzel, TI.

This is a specification and not a process outline,
so I don't see any problem there,.

SCOTT: Scott, TRW.

If indeed the provision for X-rayina the cells
after final assembly is to stand, which appears further
down the line, 1t may be advisable to also X-ray at the
point before the cover 18 welded onto the can in order that
if any kind of rework 1s to be considered this is the time
to do 1t on the basis of possible defects that miaht show
up during the X~raying rather than after the can has heen
welded and shut.

I don't know exactly where that should come 1in

here, because 1t 1sn't clear in going throuch the test
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reguirements here where the cover actually gets welded
on.

FORD: Are there other comments?

REED: Reed, Battelle.

In paragraph 7.4.9.3 1t calls £or the use of an
automatic buret to prevent contamination of XOH, I assume
by CO05, all of the automatic burets that I know of are
glass. And, of course, we know that glass and 30 percent
KOH a;e not too compatible, so I would throw this out as
sort of a general question. Does anyone know of a plastic

automatic buret on the market?

NIETZEL: You can end up manufacturina one your-
self, an automatic buret, stainless steel 3041, no problem
at all.

REED: Do any of the manufacturers use such a
device, or what sort of buret are they using to fi1ll at

the moment?

NIETZEL: Yes, TI does use such type of buret.

FORD: Other comments?

(No response.)

Okay, 1f not, we will move on to 7.4.9.5.

Comment: We see no technical justification for
a three-minute limat after the filling operation. The same
comment applies to the three-minute limit after the

installation of the gage assembly. If there are some
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controlled experaimental results we should be made aware
of them.

The floor is open for comments.

(No response.)

Okay, the next comment I have is on 7.4.10.1(a).

The pressure of 0.0 plus or minus 2.0 psiqg
appears to be an error.

Another comment in reqgard to paraaraph 7.4.10.1:
WE would like to know the technical justification of the
one-hour limit after cell filling. The cell has already
heen gaged and evacuated. It is also mentiocned in this
paragraph that an; indication of a leak 1isg sufficient
reason for cell being rejected. We suggest that this shoundd

‘
read, "any confirmed leak."

Are there any comments i1in regard to that para-
graph? That's all the written comments I have regarding
chapter seven.

MAURER: I have a comment with respect to part

{c) "Leak rate shall be less than 10"5.“ All of the other

tests of the sealed components were 1078,

HERZLICH: I believe 7.4.10.1 (a) should be
altered to read, "A minimum of 16 hours shall elapse between
the filling operation and the beginning of the first

charge on the cell." The word "beginning"” i1s not in the

present text,
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CARR: Carr of Eagle~Picher,

With reference to Dr. Maurer's comment regarding
leak rate, we use the figure 10"7 as accpetance criteria.
But normally we find that the cedds pass 10-10.

RUBIN: Rubin, TI.

I question the necessity for the minimum of a
lé-hour cell. I thaink that should be the manufacturers
option. There are techniques which allow yvou to charge
immediately after filling.

FORD: I believe that same gquestion in some of
the comments came up vesterday in regard to the filling.

I think we may get into that this morning.

As I said, I have no further comments, specific
comments,in regard to chapter 7. At this time I'd 1like to
open the discussion for general comments in recard to this
chapter, if anyone would care to make them -~ philosophical
type comments, et cetera.

SULKES: Sulkes, U.S. Army Electronics Command.

I don't find any place where the state of charge
of the cadmium is adjusted. Have Imssed somethina?

FORD: ©No, you did not. It 1s not in here at
this point. It will be included.

SULKLES: Once you've pinched off the tube, you've

had it.

FORD: Agreed.
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BOGNER: Bogner, JPL.

A couple of comments concerning the electrolyte
£111. I don't know 1f anyone has established how much
carbonate you can stand in the cell, but mavbe this oper-
ation should be carried out in the glovebox to eliminate
all possible contamination from COZ' And I haven't seen
anythaing in the specification that says how the KOH should
be stored. I think it's initially mixed up when you measure
the o, . And from there on in nothing i1s said how it's
stored or how it's handled, and I thaink I've seen some
instances where 1t can be exposed ththe atmoqph;re.

HALPERT: I would like to make a comment with
regard to Sid Gross' comment earlier, and that is somebody
made the statement vesterday that they were testing the
hell out of these plates and cells, and I can't -- since
we are doing guite a bit of testing on these materials to
make sure they are reliable and to make sure they meet a
certain quality, if we run into a problem with shorting or
any other problem, I don't see why we just don't put them
agide,

Why bother to rework them? Are the materials
that expensive where we can't do 1t? Or can they not be
used i1n some other application by ARerospace? I don't see
the reason for continuing to work with somethina that 1s

shown to be not within the proper tolerances that we're
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trying to show here. Mavbe I can get some further comment
from others.

GROSS: I want to put them aside and then

straighten out the process, so 1t will never happen again.

There's something wrong for that to have happened.

RAMPEIL: Rampel, General Flectric. 7.4.10.1 (b).
After you put KOH 1n the cell it would be extremely diffi-
cult to check the cell for a leak rate. It would be
difficult to pump it down with that KOH in there.

FORD: This 1s a cell with a gage assembly.
Supposedly this cell is sealed. I am not sure I follow
the logic behind your comment.

VOYENTZIE: Voyentzie, GE.

I think the thing is here with the wvalve on it
you would face helium hang-up. And 1if you're trying to
pump down a group of cells for helium leak detection pur-
poses you'd still have gas in that valve hole. It would
be really difficult to get out.

GROSS: Gross, Boeing.

One of the important weak links I think I see
18 in 1tem 7.4.3 where we say that we will perform the
formation as per the manufacturer's schedule. In this
section we've directed our attention to what happens after
the manufacturer's schedule, and we're talking about the

final formation discharqge.
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Now, prror to the final formation discharge all
kinds of black magic and bad things can happen. If we
don't do a real good job during the formation, we're
na%urally asking for trouble., So, his formation schedule,
whatever it is, should be very definite, very consistent,
should be very repeatable and should be held rigidly. It
should not be at all flexable.

GASTON: Gaston, Grumman.

I hdve a comment on paragraph 7.4.9.5 (¢). It
says, "Or other metal which 15 non-corrosive in KOH
environment." I think 1t should be de%ined a little bat
closer, what non-corrosive means. And pOSSLSly stainless
steel type should be defined.

CARR: Carr of Eagle-Picher.

I'd like to respond to Jerry Halpert's desaire.
I thaink, Jerry, that we should have a section in the
specification regarding the treatment of rejects, or the
treatment of problems and whether it be a MRB, a material
review board, or some other method, I think 1t would be
qulite applicable here to define the types of defects
that we're concerned with and the types of procedure we
would follow 1f we had them.

This could be done by referencing other standard
inspection procedures, military standards, or NAS2 docu-

ments or wraiting out specifically what we want for battery
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cells.

FORD: Other comments?

HATPERT: I would agree with that and say that
there should be some feedback into the process, as Sid
has suggested, so that we can find out and at least clear
up where the problems were, and the next set would hope-
fully eliminate that particular problem.

CAFR: Right. I agree, Our standard procedures
include this. And our silver zinc, nickel cadmium and
other battery manufacturers for space programs and other
high reliability type units —-- you have to assign the cause
of the problem, in other words, the analysis of the
problem in order to determine the corrective action. And
I think it is absolutely requaired.

MAUREPR: I have a comment,

I'm a little confused about this guestion. As
I understand the guestion on leak detection, vou are saying
that it was impractical to leak check with the electrolyte
in the cell because 1t was difficult to pump 1t down. My
understanding of the reading of this spec is that the leak
testinog is done 1in the reverse direction. The cell 1s
filled with helium and you look for helium on the outside,
syou you're not pumping down the internals of the cell
particularly during the leak check operation.

VOYENTZIE: Voyentzie, General Dlectric,
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I think that my comment was associated with the
fact that you have a group of cells sitting in a Bell
jar which you've just filled with helium and you've got
these valve assemblies on them. And pumping the remaining
helium out of these wvalve assemblies could be rather diffi-
cult. They'd have to sit there an awfully lony time
before you cleared the helium hang-up.

MAURER: All right. ant 1

FORD: Other comments?

MC CALLUM: McCallum of Battelle.

I have a feeling that when you)specify these
capacities rigorously, like you have 1.3 times the positive
plate and so on that you ought also to specify weight
gains back in paragraph 2.2.1.5, vou ought to put a weiqht
gain in there.

RUBIN: Rubin, TI.

I take exception to the use of weight gain data
because it is misleading and it does not give you an
accurate representation of the amount of active material
that's an vour plate. In normal impregnation procedures,
be 1t the nickel or the cadmium plate, you get black
corrosion. And by using weight gain data you're getting
misleading values which give you things like 110 percent
efficiency of utilization material which obviously is

absurd.
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MCCALLUM: It seems to me that vour obiective here 1
reliability and reproducability. 2And here is a man saying
that he's got a critical step in his process that doesn't
mean a thing. 2And I don't see how he can say that and at
the same time say he 1s going to give you a reproducable
cell, So, he ought to pin that down in my opinion.

NIETZEL: Nietzel, TI.

Jerxry, would you please read our comment to
paragraph 2.2.1.5 that we gave vou yesterday in which a
complete analysis was given of what we do to determine
active material loading and what requirements are involved
before and after impregnation?

FORD: Would you repeat the paragraph number?

NIETZEL: 2.2.1.5.

FORD: Okay.

Paragraph 2.2.1.5. The stated method of control
and measurement is inadequate. The number of impregnation
cycles can vary appreciably depending on the method of
plagque manufacture as well as impregnation techniques.
Thbrefore, the number of these cycles is of use for a
given manufacturer and may not be readily compared to the
other processes.

To determine the necessary attribute for con-
trolling the impregnated plate, weight gain data is in-

sufficient and misleadingl This measurement in no way
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corrects for plaque corrosion which varies measurably between
positive and negative plates (and process-to-process)
and in no way can measure the degree of plaque corrosion
which affects the ultimate strength of theplate substrate.

To determine the quantity of active material
present in converted and/or foreign plates precise analyses

inecluding -~

1. 8intered weight per unit area before impreg-

nation.

2. Sugstrate weight per unit area before impreg-
nation.

3. Sintered weight per unit area after impreg-
nation.

4. Plate weight per unit area after imrpreg-
nation.

5. Ouantity of nickel, cobalt, cadmium, hydroxaides
and or metals present,-must be performed and documented.

Using this type of analysis active material
measurements can be made.

HENNIGAN: We had a suaggestion for a topic of
discussion as to how cadmium exists in the negative plate,
and ARt Fleischer has volunteered to say a word or two on
that.

FLEISCHER: In listening especirally to yvesterday's

talk about the ratio of cadmium 1n various forms, evervbodv
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has a different name for 1t, I think we ought to clarify
what it is we're really talking about. If you impregnate a
sintered plate -- and let's talk only about the negatives
now -~ you analyze that plate for its cadmium content which
1s roughly the sugoestion that has ust been made that

we know exactly how much cadmium or how much active nickel
is in the plate.

To my knowledae, no one has ever cgotten a
coefficient of utilization greater than 80 percent out of a
sintered plate. In other words, even at the very lowesF
rate of discharge and the most favorable conditions of
charging and of absence of gases within the pores of the
plates as a result of charging, you will get somewhere around
80.

Now somebody might have gotten up to 82 percent
coefficient of utilization, so the first prohlem we're
faced with is there ais 18 percent of the cadmium present in
a form which does not respond electrically. In other words,
it does not contribute directly to the performance of
the cell. It may do 1t indirectly because there may be
reasons why we can't get above this coefficient of utili-
zation. So, the first thing you have to do 1s we're
talking about 80 percent of the cadmium we put in, and
this 18 a capacity that we have determined under a given

set of conditions.
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rms 24 ! Now, then, thais 80 percent has to be divided
2 into three poritions, as I understand ait, the part that
3 is the working cadmium, the part that is the precharged
4 cadmium, and the part that's uncharged, in other words,to
S prevent hydrogen evolution, because we're talnag about
6 sealed cells.
7 So, we divide our cadmium into four portions and
8 we coma out that we should know the total amount of cadmium
9 in the electrode, and this you can only determine by
10 analysis. 8o, we do have a problem here in defining what
11 we're talking about.
12 I think that Lou Belove vesterday was talking
13 about the total cadmium in the plates. I may be mistaken.
14 He said he advocates a ratio of 1.8 to 1, so he meant the
15 total amount of cadmium in the plate, but this really isn't
16 a meaningful figure because unless I'm mistaken, this 20
17 percent of cadmium we don't quite understand its function.
18 Let's face it. Do we? I don't knowd anybody
19 who has ever come up and said the reason that this 20 per-
20 cent doesn't work is for the following reason and then
21 demonstrated it., Because 1f he could do that, then he
22 probably could get rid of that 20 percent and be at an
23 advantage overy everybody else, 1f he knew how to do this.
24 So, we should define exactly what 1t is we're

Ace — Federal Reporters, Inc
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1t going you'll have to do a chemical analysis for
cadmium. You will have to know what the cadmium content
is.

HENNIGAN: Do we have any more comments oh the
negative plate?

LANDSMAN: Landsman, MIT,

This weight gain that we're talking about not
measuring -- or I think that's what we were talking about --
1t still doesn't hurt to 1ncludé 1t so that you have a
record of it. That's what Qé've been talking about, we've
jJust got records. We don't know whether we're going to
use 1t or not, bdt we're going to have some record. And we
can compare the future production with the past production.

NIETZEL: The purpose of processes, you do not
want to waste your time collecting data that is interpret-
able. You're here supposedly as a technical indivadual to
try to understand what data you're collecting and how to
use 1t.

If you can't use weaight gain, and believe me, vou
can't, and I'1l stand on that one, then letts not waste
our time doing that and let's devote our energies to some
type of technique where you can collect the data and use 1t
as a function of controlling your processes.

FLEISCHER: No one commented on that remark. To

a great extent Nietzel is richt, but on the other hand, we
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all know that every company has a bookkeeping department to
keep a lot of records. As far as I'm concerned, they might
as well burh them up, they don't mean anything, and vet
it's a very expensive part of the business. You keep
records about what you pay people and so on, and yet the
only thing that really counts is how much profit are you
making.

Well, we have the same thing here. We have to
do a certain amount of bookkeeping 1in order to know that
our guality and our reliability 1s going to show up. I
don't see how you can avoid this. It's just a part of the
job. You're going to have to have records. Now, I don't
know what the minimum amount is or where you should stop,
but somewhere along your process this 1s goinag to fall out.
You have to do it in order for vourself to know what
you're doing. How do vou know that somebody didn't viclate
the rules, he impregnated for five minutes instead of for
ten minutes, or whatever the cycle is. There's always
somebody doing something. They set a thermometer on a
furnace or a thermocouple on a furnace to control at
1800 instead of 1700 and so on. You have to know what these
things are. 2And you have recording instruments and you
lere records kept of what is going on.

NIETZEL: I would like to answer it this way:

All right, you mentioned certain specifics. Tet's look at
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sintering. BAll right. A difference of 100 degqrees in a
sintering temperature. I# vour process is properly set
up and your quality program is set up, yvou can recognize
not 100 degrees shift in your sinter temperature, you can
get down to around a 25 degree shift in sinter temperature
and recognize the difference in your ultimate parameters.
Now, my personal philosophy 1s this+ Manufacturina
1s quality control -- period. And when I ask my people to
take data that is going to be usable to them, they can
sense when they're collecting data that I will not use, our
engineering people will not use, our quality assurance
people will not use. And they say to themselves why do it?
And that's what I say -- why do 1t?
If you're going to take the time to collect data,
let us take data that is useful for the process control.
BELOVE: Belove, Sonotone,
As far as I can understand, one of the purposes
of this specification and NASA's deep concern with the
nickel cadmium product in all batteries i1s to be able to
obtain traceabaility, because all of us know we can anticipate
some failures, and one of the reasons 1s to be able to trace
back and find out what caused this failure. And 1f you are
to do thais, then you must maintain every record, even those
about which you may not know the importance at the moment.

Weight gain -- 1n our experience weight gain does
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not actually accurately describe the capacity of the cell.
Nevertheless, 1f the weight gain shifts considerably I
think the customer may want to know whether this was
directly concerned or indirectly concerned with a shift
in product performance.

NIETZEL: Nietzel, TI.

If a process outline is set up and then vou notice
a shift in so-called "weight gain”, obviously the process
is out of control and the product shouldn't end up going to
the customer anyway. So, what does he care about it?

MAURER: We've been loocking at the weiching of
the negative electrodes before 1t goes into the cell for
the purpose of determining its weight gain. There's another
use for this type of data and that i1s that 10 years from
now when JOhn takes a cell apart to see what made it fail
or what made 1t last ten years, he might like to know that
figure to see whether the negative plate increased or
decreased in those ten years.

{Laughter.)

NIETZEL: WNietzel, TI.

If as a function of your process you end up
determining the weight per unit area of your impregnated
plate and yvou know the weight per unit area of your, plagque
prior to impregnation, ryou can call that "weirght gain," and

st1ll use that number. What I'm saying 1s that weight gain

&
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cannot be used as a process control system. That does not
mean you don't have the weight gain. vYou can go back in.
You should know what vour plaque 1s weiching before you
impregnate 1t. That's the only way you're qoing to be able
to control your plaque process 1is to know what's happening
in terms of sinter weight per unit area. And you must have
some measurement of your final plate prior to analvsis
if you're going to end up with percent corrosion and a
percent cadmium, percent nickel on whatever forms you want
to look at it.

So, that data is available. The problem is how do
you use it.

FLEISCHER: I'm going to agree with Neitzel for
a minute here just to give him small support. Thera's one
part of the weight gain business that we hava't talked
about, and that is when you impregnate these plates there's
always a surface coating of nickel hydroxide or of cadmium
and cadmium hydroxide. And I think this is the principal
problem in thias thing. If it weren't for that coating
that you don't want on there and eventually vou scrub
off, you could probably relate weight gains to our particular
process and the distribution and amount of nickel hydroxide
that's formed by corrosion, and the same thing applies in
the negative plate, you'll know what the distribution of

cadmium 1s in terms of cadmium hydroxide and cadmium.
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But there's no way of estimating how much material
is on the surface of the plate, and i1t might be a lot and
2t micht be a little. It depends on a great variety of
conditions depending on how bften the sodium hydroxide
has been used in the polarization and so on and so forth,
so I think from that peoint of view vou're absolutely raght
that sometimes these figures are puzzling, But they do
guide you 1in your control that everythinag is going along.

Sometimes you get sintered plates whaich have
been sintered and for some reason, maybe related to the tyée
of powder, the properties of the power, the plates don't
impregnate properly, and you detect this right away onyour
first cycle in manufacturing. You may not have caught this
in your control of the plates. So, there's a reason for
having weight gain. You can't ‘rule it out,

So, I started out agreeing with you, and now I
disagree.

(Laughter.)

NIETZEL: I'll let Ed Ruban take over here.

RUBIN: Rubin, TI.

If you gentlemen listened to the five points
that Floyd Ford just read off, you will understand that
weight gain can be calculated from the information that we
say 1s necessary to understand the chemistry of the positive

and negative plates.
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I thank this discussion has gotten off to the
point where we're talking about something that didn't start
out, and that 1s if you're making a measurement, make
sure vou know what your're measuing and make sure you know
how you can use that measurement to control your process.

In the transcraipt yvou'll see 1f vou add up items
one and two and subtract that from item four, that gives
you a weight gain. What we're saying, go deeper than that,
understand how much of your plague you corroded, under-
stand how much nickel hydroxide appears in your negative
plate. Then you'll have a better feel for what vour
plate actually has in terms of chemically active material.

MC CALLUM: McCallum of Battelle.

I'd like to re-emphasize an original point that
with all these problems being discussed I can't imagine
how you're going to solve them all by saying that 1f the

ratio of the electrical capacities is 1.3, then all these

other numbers can be whatever you want just so you have an
electrical capacity of 1.3 is not enough.

FLEISCHER: John, who said that?

MC CALLUM: Paragraph 7.4.3 (g) and (d}. (qg)
gives you 1.3 plus or minus .05 and 1in essence says 1f you
satisfy this you can have any weight gains you'd like to

have or any other variable just so you end up with this

electrical ratio.
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FIEISCHER: The battery men don't get up and
talk for themselves on this. Isn't this a point that the
committee took in hand that they cannot tell the battery
manufacturer how to make their plates. And they have to
specify some electrical quantity which they can meet which
is reasonable. Now, what you're telling us I think 1is that
we have to tell them how to make the plates,

MC CALLUM: I was sudggesting that vou give a
weight gain on paragraph 2.2.5 -- 2,2,1.5 -~ that 1f you're
going to specafy an electrical rating and the 7.4.3, vou
ought to specify some kind of a weight number over in
2.2.1,

FLEISCHEF: I thank the battery manufacturers
ought to answer that question.

NIEéZEL: Would you repeat 1t, please. What was
the gquestion?

FLEISCHER: We're talking about -~ John, do vou
want to repeat that paragraph? 2've lost 1t here.

MC CALLUM: The guestion I guess is whether you
can specify in paragraph 2.2.1.5 a welaght gain number that
will give you the electrical requirement in paragraph
7.4.3 (g).

NIETZEL: TIf we ¥éally take a look at this now, I

think it's starting to be self-evident that they're not

compatible. The paragraph on weight gain merely states
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that it 1s to be recorded and supplied. It does not say
it is to he interpreted. So they are incompatible. And
that's the point that we've been trying to make and that
is that 2.2.1.5 does not feally give you the information
you're looking for. And we offered an alternate. to that.
All right?

MC CALLUM: As I understood vour alternate, vou
were giving an alternative set of data to be recorded, and
it st1ll can be any number that any manufacturer wants
to record, just d#o he records it, and the guestion is
whether you can give a number in paragraph 2.2.1.5 which
will lead to the requirement in 7.4.3 (qg).

REED: Reed from Battelle.

If T could comment on that, I think the answer
to the previous question is probably no, you cannot
specify a weight gain that will give you this ratio because
we've just learned from various manufacturers that the
amount of active material which you must impregnate to get
a certain electrical capacity 1s a function of the process
which 1s used.

HALPERT: I would like to ask the question then:
Since I was responsible for writing up this area, how
would one then make a specification or put a specification
here that would give you the requirement in section seven.

Does each manufacturer have a weight cain whach i1s related




rms 34

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

Ace — Federal Reporters, Inc

25

221

to the weight gain corrosion content which is related to
capacity? 2And 1f they do, are they willing to supply it
for each case?

RUBIN: Rubin, TI.

First of all, I don't necessarily accept 1.3 as
an aboslute valuve, but if a user came to TI and said that
he wanted a negative to positive ratio as specified ain
section (g) here of 1.3, then we have the chemistry
available to manufacture specifically that type of ratio.

Again, in talking about thas ratio, not all appli-
cations should have a 1.3 plus or minus .05, but 1f that is
what 1s desired by the user, that can be made usino and
implementing the analytical data that's available. And
that will be presented to the user inspecification form.
That's what we 4o now.

FORD: I'Ad like to clarify a point on that partic-
ular paragraph that's so deep in discussion. If you read
the paragraph 1t implied but 1t 1s not explicatly stated
that this 1s to demonstrate that that capacity is there.
The tolerance 1s misleading. It should be a minimum of
1.3. BAnything above that 1s not to be rejected,

RUBIN: There are very few things that I reject
out of hand, but one of them i1s an open-ended tolerance.

I would recommend that if a user understands the nickel-

cad process sifficiently to specify what he considers for
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his application,a reasonable ratio, then he shotld so

specirfy 1t to the manufacturer to indicate what tolerance

he can hold out to. Now, 1f the user feels that's reasonable,
then he can buy it. If not, then it has to be discussed.

But that ratio cén Le closely controlled even to the mis-
interpreted tolerance that I put on it. I object to open-
ended tolerances.

FORD: If I understand what vou're saving, vou're
saying that the specification should include a ratio
number with a minimum and a maxaimum?

RUBIN: No. This specification should allow
a manufacturer to design the cell for an application. I'm
a firm believer that the negati%e to positive ratio is
a design parameter, and it cannot be used universally for
all applications. Some applications -- 1.3 is insufficient,
or you'd have to go to two to one. But that 1s a design
parameter.

For most space applications that I've seen this
type of ratio is reasonable, but I would say that when a
user buys a battery or cell and he wants a certain ratio
that i1t should actually have a tolerance on 1t and not be
open-ended.

SULKES: Sulkes, U.S. Army Electronlés Command.

One' problem where you're specifving 1.3 1s that

once the plate stack gets further processina that ratio
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can be completely lost in that there mav he an excess of
cadmium hydroxide available, and the actual ratio as vou
get further downstream may end up one-one, one to 1.2

or anything,

At the place you've specified i1t, 1t doesn't
reallv control the final cell. I thaink it has basically
no meaning, because by formation charging and by how far
you deep discharge, you can con?rol 1t anvway you want,.

I mean if you just want to have them come up
with this number, 1t really doesn't give you your final
cell to do what you want.

FORD: Are you referring to precharge?

SULKES: Yes, in other words, you've precharged.
You've run thistest, but after that there's a lot more
processing that goes into it. And the state of charge or
this balance can change all over the lot.

FORD: Well, I might comment this time. It is my
personal feelaing that at this point this particular para-
graph will be changed to read that the negatives will be
discharged completely duraing this period.

Are there other comments?

GROSS: Gross, Boeing.

I would like to hear comments from people on how
to resolve the question of definition of cadmium capacity

that Art Fleischer discussed. He presented the'problem. It
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rms 37 has to be solved., Are we going to.talk about theoretical

capacity, or what are we going to do? How are we going to
3 solve the problem of definitions.
4 FORD: I think there's another section -- I'm not
3| sure which chapter 1t 15 -- wheie 1t's called a ratio test.
6 And we'll probably be getting into that a little deeper.
4 I think that will be discussed before the day is over.
& GASTON: Gaston, Grumman.
7 I have two specific comments. One of them is on
10 paragraph 7.4.9.5 (d). It says, "Place jackets on cells.”
1 I think jackets should be defined a little bit dloser.
12 They shall be parallel and certainly they shall not warp
13 afiter restraining(?). 8So possibly some additions could be
14 made on this specific i1tem on jackets.
13 The next comment I have 1s onparagraph 7.4.10.1{a).
16 It says, "Backfill with helium." Possibly a cetrtification
17 of helium would be desirable or an analysis be conducted on
18 the helium.
17 FORD: You mean for impurities?
20 GASTON: For impurlities, yes.
21 FORD: We are going for a coffee break in a
22 few minutes, so I'd like to contain the discussion up until
23 that time, because after the coffee break I think we'll
24 probably go into another area,

Ace —~Federal Reporters, Inc

25 CARR: Carr of Eagle-Picher.
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I'd like to just discuss one other thing we've
hit on a few times and that's the carbonate problem, I
might ask for some support from the gentleman from Battelle
and the gentleman from the Canadian Defense establishment.

It seems to me that we're talking about two
different tvpes of carbonate, or let's say we're worraied
about two different types of carbonate. ©One, the carbonate
that we're introducing into the cell as a result of con-
tamination from the atmosphere of either plates or electro-
lyte. And then there 13 the‘problem of the separator
resulting in carbonate. Now, it seems to me that the
orders of magnitude are somewhat different. And I'm
wondering 1f maybe the controls are more unrealistic than
they should be fdurihg the manufacture, such as the plus or

minus 3 minutes type of thing, as comparéd to what actually

happens when the battery is used.

FORD: Would anyone care to comment on that?

Or question 1t?

&
s
v}

Reed from Battelle,

I'11l try to comment on that just a little bit, af
I can. I don't know whether I'll answer the question
satisfactorily. But it appears from evidence more in the
literature and also some that we have that carbonate in the
cell 1n low guantities is not particularly detrimental to

cell performance.
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Now, what you dafine as low, 6bviously i1s ccing
to depsnd on your operating regime. However, it appears in
general that a concentration of carbonate on the order of
100 grams per liter, or about 25 percent of your total
KOH converted to carbonate 1s definitely detrimental to cell
rerformance.

Now, then, we're talking first of all the total
carbonate in the electrolyte back in a paragraph whaich I've
forgotten. The orginal specification recommended .01 grams
per liter which I feel 1s way too low.

Dr. King mentioned a figure yesterday I believe of
4 percent, which in 30 percent KOH is more like 50 grams
per liter. Now, certainly you don't want to start out with
yvour KOH at that concentration of carbonate. However, it is
possible without‘great difficulty to make KOH with a couple
grams or less of carbonate per liter,

Now then, of course, it's going to pick up from
various portions in the manufacturing process and from the
separator, so we want to start out with a low concentration
and assume that it will increase some.

The i1dea, of course, 1s to have enough process
control that eventually the concentration of carbonate will
st1ll be below the somewhat critical concentration for

operation of the cell.

FLEISCHER: My partner in sin, Pete Voventzie, and
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I worked on a project with Inland Testing for Wright-
Patterson in which four different manufacturers, as I
remember, of nickel cadmium batteries were cycled on various
regimes at various temperatures, and in setting up the
program we allowed for taking one sample right at the start
of each group put on test. These cells were sent back to the
manufacturers for their analysis.

And one of the surprising things that came out

e

in two of the manufacturer's cells there was a carhonate
content of about 130 grams per liter right at the start.

S0, the question was how did this come about. And 1t very
soon came out that the plates that were used in manufacturing
these cells had been set aside after their formation and
allowed to stand around for two or three months, or so it

was reported. So, they were thoroughly carbonated.

So, the principal source of contamination here was
due to negiligence 1n storage, takina the proper care. Now,
there has to be some way in which the user can be guaranteed
that this doesn't happen, because it was sort of ridiculous
to run that very expensive test which had an aim in trying
to find out how to run a failure analysis and how to run a
cycle life test to determine what the probable life of a
battery was.

And here two of the four manufacturers sent cells

which had carbonate contents which are just not tolerable.

3
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So that the tests actually for the original purpose had no
meaning. And well now what does the user do about this?
Should he have gone back to the manufacturer and said look
these cells are not acceptable, give us back the money.
What about the cost of the testing?

These are very serious thangs,and I don't see any
way of settling this problem unless we put it into a
specirfication.

KING: ZXing, Ottawa.

I'd like to say just one or two wo'rds on the
carbonate. First of all, I'd like to agree with Dr. Fleischer
We find that most of our trouble emanates from the plate.

And 1f we find large amounts, we remove 1t from the cell, get
it down to the proper percentage.

Now, in mentioning yvesterday four percent, this
was a cell content and not the electrolyte used. In the
electrolyte it's usually less one percent, and you will find
a pick up in your cell, up to below 4 percent. 2And this is
coming mainly from the plate and not from our separator.

FORD: Dr., RKing, I would like to ask you a question
along those lines. Do you normally pull sample cells from
production and do some type of test to determine the carbonate
content on flight type cells?

KING: I would say that!s 100 percent.

RUBIN: Ruban, 7TI.
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In referring to the carbonate problem, work done
at TI aindicates that you can actually manufacture carbonate
within your cell after it's sealed. And thais occurs because
of a chloride i1on that's present in some separators. Now,
there 1s a reaction that occurs between a positive plate
and a chloride ion that forms a hyper-chloride compound
which in turn reacts with a secondary amine group on the
Pellon separator and undergoes what 1S known as a HOffman
degradation, and this tends to split off certain chains
within the separator and the decomposition product 1is CO»,
which of course in the cell environment is converted to
carbonate.

So, even under the most scrupulously controlled
conditions you can under certain circumstances -- we have
shown this in laboratory studies -- produce carbonate
within a sealed cell. ‘

FLEISCHER: Everybody expresses the percent
carbonate in the electrolyte differently, and thas is a
small pornt, I think King is talking about the percent of
potassium carbonate 1n a solution. I like to talk about
the percent of carbonate on the equivalent basis, because
then all you have to do 1s to diwvide the results of the
titration. You actually have to do no calculations whatever.
You just calculate -- your readings, you divide the carbonate

part by the total titration. There's a little equation you
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set up., It's very simple. You can do 1t in your head. And
that gives you the percent of carbonate. So, you have no
further worry about anything. You don't have to know the
equivalent rates. ¥You don't have to sit down. And anybody
can do it. So, I tHink we haven't done it in here and 1t
would be a good idea if we all aoreed that the way to
express the percent carbonate 1s by equivalents. That's

the answer you get in the titration.

RICHARDSON: What value?

FLEISCHER: You have a total alkalinity of the
cell which is what vou titrate, the KOH plus k2C03, that's
your total titration. That 1s the number of eguivalents.
So, you also have the titration for carbonate. So, you
divide the two figures, and that's the percent of carbonate
by the equivalents.

RICHARDSON: What 1s the acceptable value of KOH?

FLEISCHER: Oh, you mean of carbonate?

RICHARDSON: Yes.

PLEISCHER: Oh, it's somewhere around three or
four percent. I've forgotten the relataionship. It 13 small.
If you can keep 1t there, then you have no worries. It
deesn't matter how you express it. But it's when 1t goes up
that you have to worry.

KING: I would just like to mention to Dr. Fleischer

that I did use the term two equivalent percents yesterday.
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We use that in the lab but for outside we use weights.

MAURER: I would like to comment on the utilization
of positive to active material. T think Ed commented
that the utilizations of greater than 100 percent of the
theoretical active material on the plate were ridiculous
because you may nothave calculated the weight of actave
materral on the plate properly.

I agree that that's one source of error. The other
source of error, however, is that you haven't used the
proper theory. Most people use the one electron transfer
and there 1s a possibillty of other things happening.

RUBIN: I agree. And even 1f you use more
reasonable values of a- valence‘! change, using the weight
gain data will still give you those misleading results.

But even using values that are arrived at like 1.2 electrons,
you can arrive at those valuesby looking at the valence

of the nickel, by analytical means, even using that
correction factor, you'll still, if you use weight gain

data, will get values of greater than 100 percent.

NIETZEL: Nietzel, TI.

One comment I was going to have here on thas
three-minute time period. My perscnal concern on that 1is
not so much the problem of carbonate pick-up but the problem
of losing your free cadmium adjustment because of oxygen,

and therefore indiscriminately leaving these things open,
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you know, you'll end up losing that whole thing.

RICHARDSON: Richardson, Marshall.

On that 523, jit's stiil not clear in my mind
what 1s the acceptable weight carbonate concentration. The
spec shows .01 grams per liter. Is this a realastic
value that we ought to set, or i1s two or three grams per
liter more realistic or what?

FORD: I will answer your question in a minute.
Dr. McCallum has a comment. I do have an answer to your
question.

NIETZEL: In terms of the .0l grams per liter,
our comment on that was to convert that. We thought we
should see their 01 moles per liter. My person;l
recommendation would be 1l0th molar. 2and I think that can
be controlled very easily. Inert gas flowing over after
you mix your materizl. Put a blanket and then you won't
have any problems.

MC CALLUM: McCallum, Battelle.

I was wondering 1f our friend from TI could comment
on his remark that he can control the electrical ratio, 1.3,
very closely and get the customer any number he wants, but
that the weight gains are not the way he does it. And I
wondered if he could tell me how he does that, if i1t isn't
by weight gain.

NIETZEL: PFor a small investment you can come up
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and see us, and we will be glad to tell you.

(Laughter.)

There are people on the panel who are aware of
how we do that, and I am confident that they understand our
systems. It 1s not an Ouija board. ITt's supposed to be
science. And Ismy we can do it. People on the panel board
know we can do 1t. And I didn't mean that as a sales pitch,
but 1t can be done.

And I have a feeling that there's a few other
people around here that are catching on pretty fast on how

to do it.

FORD: Are there any other comments before we

take a coffee break.

RICHARRDSON: Floyd, yvou're going to answer my
gquestion.

(Laughter.)

RICHARDSCN: 1I'm asking you. That's his opinion.

FORD: I don't know what the answer is. No, I'm

not going to answer 1it.

RICHARDSON: Okay.

(Laughter.)

(Coffee break.)

HENNIGAN: I would like to call the meeting to
order for the second part of the morning session.

One thing I would like to repeat is a statement
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that I read yesterday morning, so we don't aget too far
rms 47

2 afield. The statement read as such: It was not the intent

of NASA and industry personnel to attach the interim spec

4 to purchase requests and reguire the battery industry to

5 conform ovarnight. This would have been impossible. The

6 spec was given wide dastribution so that users could have

7 a document from which they could take information to be

8 incorporated in their own specifications where they saw a

9 need.

10 It has been notea that in several instances this
11 has been the case. It is my feeling that a uniform specifi-
12 cation would be useful in approaching standardization and

13 -

obtaining a basis for bidding on purchase requests. We
14 kind of felt that mavbe we should repeat that statement.
15 And this is a model specification, and it has to be revised

16 so that it will be generally acceptable to manufacturers

17 and users.
18 There is one other point that our chairman brought
19 up. The spec as written is for prismatic cells, as stated

20 1n paragraph l.l. And it does not cover cylindrical cells.
21 At the time we sat down to write this spec we felt that

22 the wide use of prismatic cells at this time would not

23 eliminate the cylindrical cells, but that we feel would take

24 a separate specification.
Ace —~ Federal Reporters, Inc -
25 We have also noticed that people seem to be a little
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bit worried about the extensive testing. Probably what we
have to do is have two types of testing -~ qualification of
materials and components as they are going through a
process., Now, for instance, 1f a batch test is run, we
would feel that you wouldn't have to run this test on the
batch every time you put through cells, 1f you £felt this
material was properly stored and did not change with time.

How, some things I guess do change with time,
like plates if they're stored, so some things would have to
be run again.

One point that's well taken is the statistical
sampling for testing per the mil spec, which a certain sample
size is taken, 1f they pass, the lot passes. If they don't
pass, you have to take a larger and larger sample. This 18
a well accepted technique.

We also appreciate the material review hoayd
approach. This seemsto be something that we feel ~- the
chairman felt was well taken and could be put into effect.

There seems to be a lot of worry about the cost
of i1mplementing this spec entirely or in part. And we do
fewe some numbers that are practical numhers because they
come out of bids and purchases.

I think Floyd Ford has an approximate number that
showed the increase when the spec was taken entirely. Is

that richt, Floyd?
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FORD: Yes. I will pass it on to Steve Gaston,
where the spec was taken partly and included in a purchase
for the recent 0RO Lkattery. Steve has an estimate of what
the results were.

GASTON: I believe yesterday 1t was méntioned that
approximately 60 percent of this new specification
has been incorporated in the recent bid on the OAQ battery
cells. And a rough estimate 1s that the cost ratio 1s
between two and three to one. That was before. Now it 1s
between 200 and 300 percent of the original cost.

HALPERT: That 1s without section 2, right?

GASTON: Yes.

FORD: I would like to emphasize that 1s not
referrring to this particular spec that we're talking about
here i1n the meetaing.

HENNIGAN: The implementation 1s about 60 percent
of 1t 1n a Grumman spec.

GASTON: Riaht.

HENNIGAN: Did you have any comments, Jerry?

HALPERT: Yes, I would like to, 2f I may, make
some comments about the nickel powder which we have not
even discussed in here. I quess 1it's an error of omission,
but there are certain properties of the nickel powder itself,
which we certainly want to consider -- shrinkage being one

and possibly wetting another. And I'm sure there are some
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other tests which you may want to recommend and the

rms 50 z audience may want to make some recommendations on that.
3 As a second item, I wonder whether Mr. Mearns of
4 International Nickel who 15 visiting with us today may have
3 comments. We are in the midst of a nickel strike since
6 July, and 1t may be of some interest on the status of that
7 strike and the availability of materials, since we're
8 talking about nickel cadmium cells that utilize quite a
7 bit of nickel. And I wonder whether we're going to be
10 affected at all in the future.
1 MEARNS: As vou know, we are on strike. Inco
12 and union neqgotiators continue to talk at the bargaining
13 table as new efforts are made to end the Ontario nickel
14 strike. On Monday, October 27, Inco made a wage increase
15 offer of about $1.33 an hour. Guessing in some circles is
i6 that the strike may end in November. That i1s the latest I
7 know on the strike.
e STEMMLE: What are the chances of getting nickel?
19 Is there a good stockpile, or 1s there a shortage in, say,
2q nickel sheet or nickel powder?
21 MEARNS: Everyone asks that question on a time-
22 table. When the strike ends 1t will be sometime before nickel
23 1s available. Some are guessing 1t will take six weeks or
24 so before nickel powder 1s available, and no set timetable

Ace ~ Federal Reporters, Inc
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HEALPERT: Another question 1f I may. I understand
there 1s some contemplation of building a facility in Sudbury
in Canada to provide these powders rather than getting them
from way off. WwWhat is the status of that? Is there going
to be a facility there?

MEARNS: I am not familiar with the plant or the
schedule. We do have a new Inco pressure carbonyl (IPC)
process, which is a development in chemical metallurgy for
treating sulfide ores and intermediate concentrates which 1s
scheduled for completion in the latter part of 1972. The plan
will have an annual capacity of 100 million pounds in the
form of nickel pellets and 25 million pounds in the form of
nizkel powders,

The IPC complex will also produce copper, cobalt
and sulfur, and will be located at Copper Cliff in Canada.

MC CARTER: McCarter, Eagle-Picher.

If the strike 1s settled rapidly, how long will
1t be before we get back to where we don't have to have DO
and DX to get supplies?

MEARNS: That's a gquestion everyone asks us. And
I don't think any of us know the answer. Some people say
1t wi1ll be four weeks and some people say it will be sax.

We don't really know.
GROSS: Gross, Boeing.

I would like to see the specification expanded to
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include not only the unmanned satellite applications but
to give a little thought to the special problems of manned
spacecraft. We know that safety will be an important factor.
And I don't have any inputs that I could read off right now,
but I would certainly hke to see the specification expanded
in that area.

HENNIGAN: Any other comments before we get on
to the separator portion?

{No response.)

We will cover the sepamtor portion of the séec1fi-
cation which is paragraph 3.0. ’ t

On the first paragraph 3.1 which 1s concerged with
tﬁé separator weight per unit area, we have two comments
there. The conditions should be 21,1° C plus or minus
1.1 and 65 plus or minus 2 percent relative humidity.
This 1s per federal test standard number 191, which I under-
stand 1s a test spec for textile materaials.

The target spec of 60 plus or minus 1l gram
per meter squared 1s not within the capability of the
commercial facilaity. Our current specification is 60
plus or minus 8 grams per meter squared. They feel they
could hold 60 plus or minus 6 arams per meter squared.

Are there any more comments on 3.17?

(No response.)

HENNIGAN: On 3.2 the absorption,dimensional change,
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electrolyte retention and porosity.

The comment we have 1s that measurements should
be made using an Ames gage or equivalent. Since a wet
sample will be compared to a dry sample, weighing the dry
sample to a tenth of a milligram seerms to he unwarranted.

Jerry?

HALPERT: I would like to make a comment on that.
On thickness evidently there are a number of different
gages one can use to measure thickness, and everyvone gives
you a different answer. I don't really know whether we know
what thickness i1s in terms of the separator in the cells,
since when we put it together we squeeze 1t down to some
other value other than what we started with.

I just make this comment that I think some stan-
dard for thickness which may be more meaningful -~ it should
be more meaningful than any of these particular Ames gages —--
might be 1in order.

Maybe somebody has a comment about thickness measure;
ment.

FLEISCHER: I took this matter up in cne of nmy
reports to Fort Monmouth. I can't remember the number. But
I went into it very extensively. And roughly what we digd
was to use two quarter inch plates, steel plates that we
had polished very carefully, and we put the separator between

these plates.
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As I remember, the two plates together were
.4 or .5 inches thick. And this was just the right amount
of pressure, and it coincided with the references that were
given there for achieving a meaningful thickness for woven
materials and non-woven materials. But 1t is in that report.
I went through it, and I've forgotten what the number is.
But I'll try to find 1t and I'll get 1t for vyou.

HENNIGZN: There was another comment here on

3.2, the type of gage we're using, they suggested a Cady

Gage Model DW-1 and the Ames gage.

that : :
Also on 3.2 they suggested/their method of measuing

electrolyte absorption using a Kubelkaglas be instituted
for weighing samples before and after immersion in electro-
lyte. I don't know if vou understand what this is. TIt's
a beaker that has a long tube on it that 1is calibrated like
a buret. And the electrolyte 1s put in the tube, and the
sample 1s put in the beaker. And you tip it, let 1t soak
for a certain length of time, and then you tip it back. And
then you measure the amount of electrolyte for the second
time énd you find out how much was absorbed by the difference.
It was kind of an invention by the company I thaink.
3.3 15 separator resistance.

' The comment was this test currently not performed

at the company. Sufficient data would have to be accumuiated

to determine the target specification.
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Are there any comments on the method they use for
resistance measurements?

{(No response.)

And 3.4, separator wetability, This test un-
acceptable from a separator manufacturer standpoint. Must
have in-house wetability test while separator is being
manufactured.

I don't quite understand that comment.

3.5 Tensile strength. They have suggested
Federal Test Method 5102 of Federal Test No. 191 be used in-
stead of the reference test.

This again, thais test 191, applies to textile
materials. The test presently being used is a jawbone(?)
is cut and put into a regular tensile machine and pulled.

I couldnt find thas spec 191. It is on order.

3.6, Extractable Organic Content.

Does anyone have any comments on that paragrapﬂ?
Does anvbody have any comments on the solids(?) that are
being used?

NIETZEL: We have a comment here that extraction
using methanol will remove some inorganics such as zinc
chloride whach would be which would be counted as an organic
constituent using this method and should be subtracted out.
You would have to do a little talking I think on some of

the analytical approaches here. We have to do something
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analytical, And I think we're going to have to get down to
some nitty gritty on just how to attack this.

Cn methanol alone we'll have to now describe the
purity and water content of the methanol and just how dry
it is, so maybe this will startto develop as the morning
progresses. I hope so.

HENNIGAN: fThank yéu.

3.7, Inorganic Content.

One of the comments 1s the target spec of 0.25
percent 1s too low. Typical data is currently one percent.
They suggest a target of .75 percent.

There is another comment. Ignition of the
residue will volatilize certain inorganics, for instance
zinc oxide.

Are there any comments on 3.7. Do you remember
the numbers we are getting on that? Steve? They're higher
than one percent I believe.

GASTON: Gaston from Grumman.

On the percent inorganic residue, I have numbers
for Pellon ranging from .11l to .170.

HENNIGAN: So, there wasn't any spec.

3.8, Discoloration in Electrolyte.

Does anyone have any comment onthat paragraph?

(No response.)

The reference thre is a Munsell color standard
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! which I've used before, and it seems to he quite a good
rms 57 2 color standard.

3 GASTON: I would like to correct that statement.
4 The percent ash was from .44 to .76, so 1t is higher than

3 the specification had specified. I had the water extract

6 before. 8o, it 1s somewhat higher than the target specifai-
7 cation.

8 NIETZEL: What was the ignition temperature

? tlre, please.

10 GASTON: I'm trying to find 1t.

" HENNIGAN: This is probably a good point, and we
12 should specify a temperature.

13 GASTON: That's a good point., I don't see it

14 here at the moment. It is not stated in this report. I will
15 have to find out.

16 HENNIGAN: Thank you.

17 Paragraph 3.9, Thickness Variation.

18 Jerry, go ahead.

19, HALPERT: On the thickness variation I was in-

20 formed by one of the separator people that were here

27 earlier thais ﬁorning that the bedginning and the end of every
22" roll is quite & different than what would be expected to be
23 a continuous run and that 1t i1s recommended that we at
24| * least go back in the run on the order of five to ten yards

Ace — Federal Reportets, Inc
25| before taking the first sample and before the end cut off
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the last five or ten yards before taking the last one.

FLEISCHER: Does that mean yvou should throw the
first and last five yards?

HALPERT: Yeg. That's what he said. Has comment
was that the calender which may or may not be used -- 1f a1t
15 used, the calender is released to some extent at the
beganning of the run and then 1s set while the run 1s
started for set up and is removed toward the end of the run
when 1t 1s being completed, so that the thickness at the
beginnin and ends might be sagnificantly different than
what might be the thickness in the middle.

FLEISCHER: WE1ll, I think he shouldn't deliver
the first five yards.

NIETZEL: Jerry, we have observed that ourselves.
And I think part of the problems on incoming inspection as
to make sure that the sample being inspected does repre-
sent the product that you'’re going to use.

[ HENNIGAN: There 1s a comment here. In ordex to
take thickness measurements on samples from the beginning,
middle and end of a slitted roll, this must be an in-
process test.

What he meant by this was the battery manufacturer
should do 1t while he 1s processing the separator. Oscar?

NIETZEL: If that is the case, will he accept our

rejection then?
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HENNIGAN: You will have to ask him.

NIETZEL: That's a problem.

HENNIGAN: VYes, 1t is. Was there another comment?

HERZLICH: I was going to make the same comment.

HENNIGAM: All right. Thank vou.

Materials Used in Cell I'ormation, paragraph 3.10.

There 1s a comment here. We do not believe that
the requirements for the formation separator of
paragraph 3.2, which refers to the absorption, retention and
porosity, 3.4.2 which refers to wetability and 3.5 whach
refers to tensile strength,eare technically justified.
This separator is not used in the finished cell. The té;ts
outlined 1n 3.6 and 3.7 may be of ainterest since they do
determine if any contaﬁlnantssare introduced 1n the formation.

Are there any further comments on thk paragraph?

Oscar. |

NIETZEL: 1I'd like to make a comment on the comment,
please. One way to get into trouble 1s to have avallable
the potential for trouble. And that's what this comment
allows. It is very difficult to have control in your
processang and 1n your material handling, 1f vou're going to
allow within an area a certain batch that has‘one spec and
another batch that has another spec. Murphy's lawv will

strike. It has to strike. 2And it states that if 1t can

happen, 1t wall happen. And that's a fact. 8o, I do not
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like that comment. You just have a certain grade in house
and that's what you should be using.

HENNIGAN: Thank vyou.

Any more comments on 3.107

{No response.)

3.11, Separator Material Used in Production Cells.

There was one comment that this paragraph is totally
impractical on a separator manufactured on commercial
equipment.

Well, I asked them about that and they said well
this was up to the battery manufacturers to check 1it.

CARR: In direct reference to that comment I would
like to see something in the specification to the effect
that where the 1nspection is done there are three distinct
areas here. We have the manufacturing ainspection, ﬁaybe
actually four areas, manufacturing inspection, their accept-
ance of the material, then our receiving inspection of the
material and then again any tests that are done on individual
pieces of separator as opposed to the roll. We buy the
material as a roll., And then we cut 1t to size. Either an
pieces or in a strip. 2And I would like to see some break-
douwn of how we would go about inspectang.

HALPERT: Good point.

RICHARDSON: On 3.1]1 here, I would think, Pete —-

or Larl rather -— that you'd want at receivina when you buv
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probably want to run your 100 percent possibly on the

whole roll.

But then if you put it in storage and it sits
around a while, and then you to ahead and cut the Pellon
up to a given size to fit a given size plate, I thaink you'ad

want to run another visual check to see Lf you hadn't picked

up any extraneous material due to the handling and cutting

of the Pellon in the processing of 1t. So, I think you'd

want to run another visual of some sort by the inspection
or by the operator who is going to put the separator on the
plates.

CARR: I agree completely, John. There 1s another

problem and that is that we have many more than one type of
separator in the house, and again we're talking about Murphy's
law.

FLEISCHER: That reminded me of what happened at
East Hampton on one occasion with woven nylon cloth. We
receilved 1t m rolls and sent 1t out to be slit, and out

cells foamed and foamed and we couldn't make cells. So when

we analyzed the problem and went through the whole ﬁhlng we

discovered that the m1ll used an anti-static agent

on thear nylon bobbins over which the material rolled. And
they introduced the anti-static agent which was also a good

foaming agent. 8o, you can have things happen on the way

to cutting up nylon dependinc on -- or your separator --
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depending on who does it and what care is taken.

HENNIGAN: We do have in our data sheet, 1t
goes along with the separator data sheet, not to use an
anti-static agent. We've heard about that whole problem.

B111?

BILLERBECK: I think probably one omission is a
specification on storage of the material praior to its
use here. The gentleman from Marshall brought out that
there 1s a real possibilaity for contamination during the
storage period,

STEINHAUER: Steinhauver, Hughes.

In paragraph 3.0 I wonder if we shouldn't‘use the
"filtered", non-woven could apply to a membrane type of
material.

HALPERT: We have a lot of tests here. One of the
tests that is not included 1s air permeability, and I under-
stand that our Canadian fraiends have used this as a criterion
and I wonder 1f DPr. Kaing might say a couple of words about

air
the/permeability of separators as a test for control.

KING: I think the best way to describe our
permeability requirements 1s to read from the specaification
§-615~P-17 whaich was issued by Goddard SpaceFlight Center.

It states, "The separator material shall be a

non-woven polypropylene material free from flaws or other

imperfections. The air permeability of the installed separatc%
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subject oI MATLIC A Epara of“%és discussed, and
there has been some feedback that at one time or another
the separator has been found on incoming inspection with
metallic particles in the separator.

This type of think getting into a cell could be
detrimental. I maght suggest some type of test along the
lines of screening for metallic particles that are not
necessar:rly visible to the eye when you look at the separator
on a visual test. We might look towards the people making
capacitors, because they have also had problems, dielectrics
coming in with metallic particles that would lead to high
farlure rates ain capacitors.

I think this 1s an area we should be concerned with.

HENNIGAN: Are there any more comments on the
separator?

{(No response.)

I'll turn the meeting over to you, Jerry.

Oh, I'm sorry. We've got a couple.

CARR: Just in reference to 3.11. 1In addition to
particles in the separator, it 1s also possible to have
areas that have holes in them, so the 100 percent inspection
of separator material éppears to be required, 100 percent
inspection at the assembly separation level where you do
the separating of the cell.

L NIETZEL: We are now goinag to leave the spec. We
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made a comment earlier here on this Hoffman degradation
reaction., I didn't hear anything off the floor about it.
Maybe I don't believe it, but one of the problems we're
concerned with here 1s chloride ion concentration, and I
don't see that here on the spec. 1 wonder if anyone else 1s
concerned about 1t. 2aAnd if so, how would they like to set
up analytical procedures to determine what 1t is.

HENNIGAN: Well, in 3.7 we're supposed to determine
the amount of chlorade.

NEITZEL: What about spec laimits?

HENNIGAN: We d;n't know what 1t should be, but
some of the numbers are running rather high,

NIETZEL: Yes, they are.

HENNIGAN: Point nine percent.

NIETZEL: HNine thousand parts per million, right.

CARR: One of our problems it seems that we
don't know all the results of the different impurities, but
1t appears that this one 1s a bad, so I thaink some real
concern ought to be given here.

NIETZEL: I think another problem 1s 1f chloraide
i1on exists you Know tgere has to bhe usually some metallic
constituent with 1t. It doesn't appear to be sodium 1ion.

I think 1t's zinc, because 1t's an activating agent. 7And

that's why some of our concern in here for solubility of

zinc, the zinc chloride, in methanol also the ability to
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drive off the zinc when we're looking at firing for an
oxide residue. So we'd just like to throw this out for
comments please.

HENNNIGAN: Does anybodvy have any comment from
the zinc chloride content.

STEMMLE: Stemmle, Goddard.

In our labs there is some work going on with the
X~-ray machine for using X-ray fluorescence I believe,
determining the concentration of chlorade and zinc, and
apparently both of these are present in about the same
amount on the Pellon. The X~ray 1s one way of doino it.

HENNIGAN: Thank you for your comments. And
I'1l turn the meeting over to Jerry Halpert.

HALPERT: The next section dealing with Section
8, Production Cell Acceptance Tests, will be chaired by
Will Scott.

SCOTT: Section 8 is concerninc acceptance tests
on completed cells. The first submitted comments that I
have are related to Section 8.1.2. I don't have any before
that. Are there others. I don't know whether I have a
complete list or not.

Okay, the first comment is still regarding
8.1.2. But I see that 1t really relates to the entire

set of requirements.

If there are no other -- there isn't reallv much
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1
to talk about before that section anvhow. So, the comment
rms 67 9
is temperature tolerance difficult to maintain. Daischarge
3
to 1.0 volts difficult to control. Seventeen-hour charge
4
is costly. Shock and vibration not necessary. X-ray of
5
minimal value. This comment is from Thierfelder. Would
é
you like to say anything further.
7
THIERFELDER: I think the temperature limits were
8
plus or minus 2°F. Yes. Well, it has been my experience
9
that this 1s beyond the capability to maintain in a reaular
10
test facilityv.
11
SCOTT: Excuse me, are you referring to the
i2
numbers in section 8.4 and 8.5.
13
THIERFELDER: That's raight,
14
: SCOTT: aAnd 8.6, fThose three, because I see
15 .
they run all the way -- plus or minus 2° runs all the way
16
through here.
7 .
] THIERFELDER: And on many programs we start out with
18
numbers like this, and before the program 1s very far
19 . : .
downstream we're sayving like plus or minus 3°C which is
20 then quite a bait beyond this.
21 The other comment about the dischargina of cells
22 down to 1.00 wvolts, the same thing there, we have tried
23 this and found that when the ca2lls get helow sav 1.1 or
24 even 1,15, 1t may take 20 or 30 seconds before they qgo
Ace —Federal Reporters, Inc
25 down to zero volts and into reverse, So, we have limited
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testing down to 115 to prevent this, and we've even had

very sophisticated eguipment. We automatically scan through

the cells and scan through anywhere from 50 to 100 cells

in less than a minute. And you scan through once, and the

cells are Lp above 115, and on the next scan a minute

later the cells have reversed. And we'wve had this happen

on several occasions, so we do not discharge the cells

below the 115, minaimum voltage.

H
What were some of the other thinags?

SCOTT: Seventeen-hour charge.

THIERFELDER: WE1ll, this 1s just a matter of

time. I mean 1f you can charge the cells in eight hours,

why tazke 17 hours. And I think I made a comment about vibratad

and shock. Well, on a hundred percent basis we have never

done shock, and we did vibration for some vears. 2nd on

the prismatic cells, we looked back over the data and found

we had no ffilures in vibration in over -— I don't know

what the number was, but i1t was many, many hindreds of

cells. And then we stopped vibrating on the production hasis.

On the X-ray, we also on the earlier Nambus
programs, Relay programs, we X-rayved all the cells in three

different directions looking for evervthing from weld leaks

to what we could find. And I personallv spent many, many

hours examining X-rays and finallv the onlv thing we did

find them useful for was on the spirally-wound cells, the
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round cells, and i1t did show up telescoping of the spiral.
Other than that we found 1t really of no use, and we
stopped X-raying because we were spending time and effort
and not coming up with any results. And of course in some
cases where cells did fail, the question came up -—- go back
to the X-ray and find out what the X-ray will show. And in
no case did 1t actually give any information that was useful
in the failure analysis.

RICHARDSON: Richardson, Marshall.

I've got several things here, one is I notice
you have this organized in 8, 2, 3, 4, 5, like examination,
your leak test, your capacity. Is this .to suggest a
suggested acceptance test sequence, or did this just happen
the way that when the sections were entered in here, it
happens that's the way they fell in place, or i1s there
any rationale for putting them in that order you have them
in? '

SCOTT: I might comment on that. I don't believe
that the order in which they appear is necessarily intended
to i1ndicate the best order or any specific order. It may.
However, I do believe there is probably a preferahle order.
And possibly that order should be i1ndicated in some
separate paragraph ultimately.

RICHARDSON: Verv good. Next on the hagh temper-

ature capacity and the low temperature capacity tests you

1
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spell out, for example, for high vou show maintain at 90
plus or minus 2. Well, see, our requirements for our
ni-cad cells, the high temperature may not be 90°. It might
be 80 or something like this, And likewise on the low
temperature side, we may have a different low temperature
requirement for the operation of our cells, so therefore
maybe this ocught to be left open to the user, instead of
spelling out a given temperature which may fit your require-
ments 1n this case.

In addition, in the wvibration section I don't
think 1t 1s a good idea to spell out given wvibration )
requirements, because the ni-cad cells we're going to use
in ATM and Airlock module, this vibration criteria woulﬁ
not applv to the acceptance levels that we would use in
vibration of the cells or the batteries themselves, so
here again a suggestion would be that vibration criteria
ought to be open to the using agency which you could spell
out for a given use. Because 1n addition a four-ampere-
hour cell would have different characteristics than a
33-ampere-hour cell under vibrmtion, And some cells maybe
due to internal structural differences here again would
react different under sinusoidal and random,

BITLERBECK: Billerbeck, Comsat.

I'd like to comment on several of these. I think

the 1ntention here was to show some typical environments
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rather than the detailed one, since it is a model specifi-
cation, why indeed those things certainly open to the user
to specify.

On the temperatures there was some feeling in
the committee that there 1s a need to lwe some temperature
and charge rate limits that are as universal as possible
so that one can relate data taken from one program to data
taken from another, And that's a real problem because
you really have some conflicting requirements there. You
would like to have the charge and discharge measurement's
so that you‘could relate between programs, but at the
same time you want to know specifically what's 1t going

tc do in my program. I think that 1s something to be

resolved.

FORD: TFord, NASA Goddard.

I don't think this is to be implied that these are
all the tests that will be conducted on these cells, The
implication here, as Billerbeck has indicated, 1s a set of
standard conditions that would be applicable to all cells,

and consequently to all manufacturers.

The poaint I want to make 1s this is not written

to accommodate any specific program or any specific project?
RICHARDSON: But generally when you run acceptance

testanag 1t's for a qlve% use in vour prodgram. If vou have

a hlgﬁ temperature requirement of 100°F, vou vvant to test the
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cell at 100. You don't want to test it at 90, because

the application is not at 90. And likewise 1f you'fe going
to operate 1t at -15, here again, minus 15 below zero or
something like this, I don't think vou want to operate -~
you're talking about 32 or something that you have in the
spec.

FORD: I agree with what you're sayina, but
I think what i1s aimplied here 1s that before you ever
recelve your cell to go through your specificaticn, each
manufacturer conduct his own tests,prior to running vyour
tests. And it would be i1dealistic that they would he a
comparison of this data, not only within a manufa;turer
from year to year but across the board throughout all
cells you may possibly use from other sources.

RICHARDSON: What are you trying to say then
that we run two acceptance tests, one at 90 to get a
baseline for data and then run another high temperature.

FORD: That 1s currently being done in most cases
today.

BILLERBECK: I think 1t actuallv turns out that in
many cases these conditions are acceptable, but i1n some cases
there may be in addition some special requirements for a
particular program, hich rate dascharge, different temperature

limits and so on.

So, one approach is to do these as a standard

t
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set of tests and then add any special requirements.

SULKES: Sulkes, U.S. Army Electronics Cormmand.

In your temperature limits you call out the cell
case temperature shall be controlled. And this would almost
indicate that the cells are somethina like a water bath.
And I just want to find out 1f that is the intent of the
specification writers.

SCOTT: I'd like to comment on that. Aside from
the guestion of exactly how you do it, there is a strona
interaction between the teégerature of a ceflrand the
capacity that you will measure under any given set o%
conditons.

In tﬂe pa3£ this temperature has not been verv
carefully controlled. 2And as a result there i1s usually a
considerable dispersion or uncertainty as to what the
real capacity 1is to any tight set of limits. And I thaink
1f we are goina to improve our specification of capacity
we must improve the control of temperature, and T don't
thaink this is gquite the proper place to et into a das-
cussion of exactly how we're going to do it.

SULKES: I thaink 1f yvou do spell 1t out thas
way, thenyu do have to give them the method, because
you sti1ll run ainto the same problem, If you don't specafy
a method that evervbody can use, vou'll get the same

varrations. A water bath or something like that as a valid
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method if this 1s what vou want to use.

LANDSMAN: Landsman, MIT.

On this shake, we prefer to shake the cells more
or less in the mountings that they will see in flight. And
I would suspect 1t would be better not to have the battery
manufacturer shake them, leave that up to the user, just
let the battery manufacturer do the three -- the capacity
tests at the three temperatures for the records, and then
let the user shake and check after the shake.

SCOTT: May I comment? And then we'll have others.'
I feel that i1n every case the customer, the user, will have
the option of indicating which of these tests are done at
the suppliers and which are not and which he does. I don't
think there's any implication here as to exactly who is
g01ngﬁ;o do these tests and where. I quess this is subject
to individual decision on each procurement.

RAMPEL: Rampel, General Electric.

8.6, Capacity at low temperature., From the
standpoint of capacity the input duration of 30 hours
may be sufficient, there's no question about that., But I
think the wvoltage limit 1s a little hach, 156. I would
also like to recommend for consideration that some kind of
oercharging of greater duration than 30 hours be incor-

porated at low temperature. We have on occasion found that

in chargina cells at 32°F for, oh, say, 48 hours and youn
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can continue on and eventually exceed..a given voltage
limit., 2And I consider capacity at low temperature to be a
very important test.

HERZLICH: Herglich, Sonotone.

It was mentioned here that one of the ways
to perform the shock and vibration tests was to redo thre
test that the user wants and then repeat the test according
to the specification.

I asked a question, igsn't 1t reasonable to

expect that the order in which you do the two tests 1is
important. And by that I mean one shock test or one
vibration test will influence the results of the second.
And the second question I ask 1s: Having done two such’
tests, what can you really say about the cells?

SULKES: One basic question of philosophy in
all these capacity tests ~~ and they are supposed acceptance
or rejection tests -- is that there 1s no level set on
how high cells can go. In other words, to achieve a
uniform balance. What sigma 1limits would you want to set?
Or should they be set? And I feel 1f you have a 34 ampere

»

hour cell that they can spread from 34 up to 40 or 42,
This 1s not the kind of cells you really want to use for
a balanced battery, and perhaps you should have siama limits

on these things.

MAINS: NAD, Crane.
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I think one consideration that shoulg‘be made
is one the shock and vibration tests that you might possibly
want to operate the cells to see 1f there 1s any effect
during this period of time rather than looking at it after-
ward. Something mi?ht happen or might shift inside the
cells that would be detectable durino the shock or the
vibration test that would not be exhibited after the test
1s completed.

GROSS: We all know that the effects of the
initial eyeling on cells changes the cells a little bat at
the beginning of life. And it will make a difference as to
whether we run these tests right when the cell is fresh
or 1f 1t has a few cycles on 1t. I would expect a minimum
of five toten cycles would be required in order to obtain
consistent results.,

STROUP: Stroup of Goddard. 1In general, I would
like to say something regarding our experience at Goddard
in building a satellite battery, running the acceptance
tests and doing much of the same thinos and lookine at what
1s being proposed here in the specification. We have
found that the numbers for end of charge voltage as in
8.4, 1n determining capacity to be completely unacceptable.
I would say anything over 145 in our flight programs would
be grounds for rejection of the cell.

T don‘t know where the 151 comes from. It may bhe
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a valid number, but we haven't found it so. The overcharge
test under 8.8 calls out a voltage of 1.48 volts. This
too 1s at the same rate of C/10 which is a rather moderate
rate in our experience. It seems to be a rate that is
common to most manufacturers, both as to space cells and
as to commercial cells as a recommended rate for charging
the cell in practice.

Maybe this makes 1t a good rate to use, since
we have lots of data at the C/10 rate, it's a good reference
point. This would be an argument for using it rather than

S

a different rate which was suggested by some of our other

people here today.

) The 148 volts in 8.8 definitely by our experience
on flight cells is at least 3/100ths of a volt higher than
the maximum level that I would set for a flight battery.
and from an electro-chemical consideration of gas gener-
ation the charge state of the battery at that particular
time I thaink we all must agree not to be too nitpacking
on thas, and I mean 1t as a strictly scientific fact, that
we generally must agree that about 147 from our experience
15 as high as we dare oo on an overcharge level at that
particular temperature and condition.

SCOTT: I have a comment on the comment there.

I am wondering whether any of the manufacturers would care

to comment on whether or not if we i1indeed are coing to
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I .
ms 78 impose some strict voltage limits on c¢harging in the final
cell whether those requirements are going to have to be
3 fed back into the process somewhere to actually control the
4 manufacturing of the plates in some way.
3 CARR: Carr of Eagle-Picher.
6 Dr. Scott, in response to that, there are ways
7 of changing the end of charge voltage. And in fact we have
8 designed batteries deliberately with what we call a tail-up.
? This 15 to work on different types or a type of charge
10 contreol, and it works quite successfully.
" So, let's say we know how to make them to do
12 this and we know how to make them to do higher voltages
13 at the end of charge, higher controlled voltages at the
14 end of charge, so that we just want to enter this into the
15 minutes to be considered.
16 SCOTT: I'm informed by the chairman that we should
17 break off at this time. So, I will turn the meeting back
18 to Jerry. 2And he will tell you what 1s next.
19 HALPERT: As the next i1tem, since we were a little
20 early getting over/zge cafeteria yesterday, I've arranged
21 for a 10 to 15 minute tour of our operations center.
22 And Mr. Kelly 1s going to lead us on over, It 1s within
23 this building area. It waill take about 10 or 15 minutes
24 and then we can walk on over to the cafeteria at the end.
Ace - Federal Reporters, Inc
i 25 Secondly, 1f yvou are interested in the specs on
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silver cadmium, to get a chance to look i1t over before
2 tomorrow, these are available at the front of the room
rms 79
3 here, andyua can pick one up.

4 So, at thas particular point, let's hreak and we'll

5 meet back here after the tour and after lunch at about

6 1:15.
7 (Whereupon, at 12:18 p.m., the confarence was

8 adjourned for lunch to reconvene at 1:15 p.m.)
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AFTERNOON SESSION

{(1-40 p.m.)

HALPERT+ Gentlemen, may we take our seats, and
we'll try to get started again.

I just want to make note of one item. We've
decided for tomorrow morning's meeting that we will continue
in here rather than in Building 22. And 1f any of you know
people who are going to attend, or for yourselves, report back
here. And we'll get a message out to the guards to transfer
anybody who 1s scheduled to go to Building 22 to come 1in here

instead.

At this point I would like to turn the meetaing back

to ——- excuse me?

BILLERBECK: Excuse me, Jerry. Then tomorrow
definitely will be on the silver?

HALPERT: Right. We hope to finish the nickel-cad
tonight even though 1t takes until midnight.

How many people are planning to attend tomorrow --
can I see some hands, to get an 1idea?

{Show of hands.)

Okay. 1I'll turn the meeting back to Will Scott.

SCcorT: I would like to proceed, for the moment, to
go through 1n numerical fashion the formal comments to section
8, and then we -- depending upon the time and all -- may want

to return to an open discussion afterwards.
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] First of all, I presume possibly from the results
2 of the earlier session, that there may not be any more

3|| comments specifically directed to the content of section

4] 8.1.2. Aside from the actual requirements as called out in
5| the following pages.
) Are there any comments on section 8.2, Examination

7| of Product?

8 {(No response.)
9 I have some comments on section 8.3. Comment:
10 "We take exception to the electrolyte leakage

il test beinqg performed using Cresol Red solution. It

12{ 1s our experience that this aindicator gives spurious

13 indications, and we would prefer the use of phenol-

14 phthalein as the indicator."

15 Another comment:

16 "This test 1s best performed during or after the

17 cell has undergone an increase 1n internal cell pressure.
18 Thus, this test should be performed while the cell is

19 in the overcharged mode, or has been recently removed

20 from charge and st2ll has a residual pressure. If

21 the cell does not build up a positive pressure while

2211 <h charging at the C over 20 rate, the charging rate should-
23 be adjusted to produce an internal cell pressure greater
24 than zero psi g."”

Ace — Federal Reporters, Inc
) 25 Are there other comments from the floor on section
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THIERFELDER: Thierfelder, G. E. Space Systems.

If the order which 1is listed here 1s the order in which the
tests are to be run, I agree with the last comment, because
the electrolyte leak test should be run after the cells have
been on overcharge, and 1f not immediately during overcharge,
at least following the discharge after that charge, because
the leakage will remain there.

If 1t's a test for electrolyte leakage, the first
thing vou do when you get the cells -- or the first thing
after you finish the cells, I don't thaink 1§ ;oo meaningful.
It would have to be repeated later anyway.

BOGNER: Bogner, JPL. Perhaps the place to do it

L}

1s 8.8.

BILLERBECK: 8.15 covers this again.

S5COTT+ Yes. Mr. Billerbeck points out that section
8.15 calls for a second electrolyte leak test. I think the
point 1is well made that one should try to conduct this test
at least at some point while the cell 1s presumably under
pressure. I'm not exactly sure how you're supposed to know
that 1t 1s, or how much pressure, unléss you have gauges
on the cell.

But certainly the presence of pressure should i1ncreasg

the sensitivity of the test.

Comments on section 8.4:
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"It 1s extremely difficult to maintain a 75 plus
or minus 2 degrees F. during a capacity test without
using the temperature controlled bath. The correct
tolerances should be determined for an open bench type
of test which 1s most practical when dealing with a
large number of cells. Convection cooling would be
added to the open bench test so that temperature
excursions are kept to a minimum.'

Additional comment -- a suggestion for an addition

to this paragraph:

“"The variation in capacity withan th; lot of cells
should not exceed plus or minus 7 percent."

Further comment-

"Also, the capacity as specified has an open ended
tolerance. A maximum capacity should also be specified,
which may vary depending upon the duty cycle the cells
w1ll have to undergo. This maximum capacity should be
negotiated between the manufacturer and user."

It deoesn't appear that I have any more formal

comment. Is there any from the floor?

NIETZEL: Yes. I wish that we, as a group, would
start to look at this paragraph. It seems to me that there
1s no necesslity for a meeting here these last two days unless
we do look at the capacity of a groun of cells, and accept what

we will set as a spec limit on cell capacity. We can have the




wel 8§

i
| Ace — Federal Reporters,

10
1

12
13
14
15
16
17
18
19
20
21
22
23
24

Inc

25

271

best control in the systems, and 1f we end up with a product
whose one sigma standard deviation 1s unacceptable, then
we've gone noplace. We may by serendipity not know what we're
doing, and yet have a product that does have a very tight
tolerance. This 1s not bevond the realm of p0551b111ﬁy.

We should, at this meeting, decide what will we
accept for the capacity varlaélon in a lot of cells, and
we're suggesting at the one sigma limit, 2.3 percent.

T'd like to throw this open for comment.

STROUP: Stroup, of Goddard. One time we did have
occasion to-specify something just about of that order. The
gentleman that had the problem -- twé of them -- I believe
one was Lou Belove, but they managed to achieve this range of
plus or minus 2-1/2 percent on capacity.

But 1t wasn't without a considerable amount of

effort. I don't know whether they'd be willing to address

this in more detail to anyone or not. They did do 1t for us,

i

and did a very nice job.

BELOVE: Belove, Sonotone. The cells that Gene
Stroup was referring to were done by proceeding after a fashion
that we have been discussing here the last two days -- that is,
testing every plate and choosing those plates that were bound
to give us close tolerances 1n capacity.

CASSOTTA: Cassotta, Bell Labs. Ve tend to -- I

would very much support Mr. Nietzel ain his plus or minus 2.3




wel 6

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Ace —Federal Reporters, Inc

25

272

percent, because this represents a pretty good lot.

However, I am asking a questicon. He said one sigma.
Now, 1f you handle this with normal statistical methods, you
usually accept everything withain the three sigma limits, and
we're going to be right back to 7 or 7-1/2 percent.

NIETZEL: Do you want another number then, Tom?

CASSCTTA: I would like to see that 2-1/2 plus or
minus absolute.

SULRES: Sulkes, U. 5. Army Electronics Command,

There was some work done a while ago by Wagner at Yardley

" 12y

Electric on an Airr Force contract to develop a nickel-cad and
silver-cad cells with, I believe, a plus or minus one percent.
And for the silcad this was achieved, and it was fairly
closely achieved for the nickel-cad, 2And basically this.
involved individual plate testing and so on.

But 1t could be done, and it was done.

THIERFELDER: Thierfelder, G. E. Space Systems.

I have some data here of actual numbers on a particular
program. And this 1s a program using 419 cells.

On the various batches the capacity plus or minus
variations were anywhere from 1.9 to 7.0 percent from the
average.

And of course that ~- and the average of the total
was 5.0 percent, for the 419 cells. The three sigma limits

would he 15,1 percent.
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FLEISCHER: Thaierfelder, will you tell us 1f that
average i1s the rated capacity, or is that the actual determined

THIERFELDER: These are variations from the actually
tested capacity.

FLEISCHER: Now what was the rated capaélty?

THIERFELDER: The rated capacity was 12 ampere hours.
The actual average was 14.4.

FLEISCHER: Well which one are we talking about?

THIERFELDER: Well these are basic numbers on

variations from an average.

- n

-

FLEISCHER: I mean here, what do you understand that
we're talking about here, in this 8.4? . . . shall equal
or exceed the rated capacity. So we're talking about the
actual here. All right.

SCOTT: I think there is a confusing use of words
here at the end of this paragraph. The sequence, “"rated
capacity specified,” I think needs to be worked over a little
bit. Because rated capacity 1s usually a manufacturer's
rating. Specified, I interpret this as specified by the
user,

And so I'm not sure this 1s a compatible sentence
right now. I think that whole business of rated versus actual
1s a bag of worms that is going to have to be resolved sooner
or later. And I feel that reaily the only basis for talking

about sigma limits and other control numbers must be on an
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actual measured value, and not have anything to do with a

nominal rating.

So that rated capacity thing mayv be confusing there.

HENNIGAN: I would likée to make a comment on the
si1lcad batteries. We found years ago 1f we just bought cells,
so many, 1f we got within plus or minus ten percent we were
doing éood.

Mow we're built according to the blue book here, the
spec, we can hit plus or minus two percent, but we still reject
about 10 percent of the cells that do that.

GREEN: Green, Martin. I'm looking at this para-
graph, and I see the intent of your last sentence 1s to make
sure that your cell has the capacity you bought.

Now we're talking about variations above the capacity
of the cell, which 1n the case of the manufacturer for his
usual pad you get 20 ampere hours, and the most that we have
received at Martin have been 1n the neighborhood of 24 or 25.

This excursion I don't think 1s so important from
the standpoint of the cells themselves, but I believe it's
highly important when i1t comes to assembling them in a battery.
And under this condition, I see nothing in the index at least
that refers to the assembly of cells. It would appear to me
that we could take, sav, a dispersion of 7 percent and as long
as Qe used the low percentage in one battery and the high

in the other, we accomplish something in the form of a balance
1
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} between cells, which will give you much better action on
2 charging and discharging characteristics.
3 While I'd like to see them as close as possible, I

4 do believe that a little larger excursion doesn't hurt 1f you
5|l use a per cell selection. I see nothing about that in thais

Fo) test procedure, about giving information for cell matching or
7| cell selection.

8 BOGRER: Bogner, JPL. I think we haven't expressed,
¢y here how we terminate the volt, or the discharge. We say at
10| one volt per cell. And I think most of this is usually done
11 manuallv. A light may come on or he may have an operator

12l standing there watching a volt meter. And you can have quite
13] & large error or spread, just from a person not being there

14|| right at the instant it hits one volt.

15 And also these are usually run in a series of cells -t
16|f ¥ don't know, 20 or 30 cells in a series -- and by the time a
17| fellow takes that cell and removes the clip and takes 1t out

18ff ©f the caircuit, by the time you get down to the last cell, it's
19| got a longer run time when 1t actually hasn't been operating.
20 So this test probably should be run with automatac

21| eguipment.

22 STEINHAUER: Steinhauer, Hughes. There are several
23|| statements that have been made that the only way the closely

24l controlled plus or minus 2-1/2 percent on capacity range has

Ace — Federal Reporters, Inc
eral Fopa 25 been achieved is by inspection of individual plates. I'm
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wondering 1f this 1s always necessary, or 1f by tightening the
process 1t can be achieved waithout this 100 percent inspection,
and 1f the people from TI would comment?

NIETZEL: Your process control parameters can be
designed 1n such a way that when you make a group of cells,
they w1ll then fall into the specifications, without sorting
as a function of assembling the cell packages.

Is this an answer? 1Is this the answer that you want?

STEINHAUER: 1I'm wondering 1f you're running a 100
percent capacity test on individual plates, or 1f your procgess.
inherently can produce plates that are within closely controliéc
categories?

NIETZEL: If by "plate," you mean t#e pieces of plate
that are lnsert?d into the cell, we do not check that -- no.

We will take impregnated plate, cut to dimensions, and make a
cell. And then i1f you make 100 cells and put them on the
boards, your standard devaiations will be within the limits that

you desire.

There 1s absolutely no checking of individual pieces
of plate prior to cell assembly.

HALPERT: I want to ask, Oscar, when you talk about
that one sigma, are you referring to taking only those cells
that were within that one sigma -~ 2.3 percent -- 1is that what

you said?

NIETZEL: The standard deviation of a lot of cells
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will be 2.3 percent. That's the total lot.

HALPERT: Well, that's not one sigma, then. That's
three sigma.

NIETZEL: ©No, that's one sigma.

HALPERT: That's one sigma. Now you're only going
to accept the cells in that one sigma range?

MIETZEL: I'm asking what you people want. What do
you want?

HALPERT: Are you asXing us here?

NIETZEL: Yes, because vyou're going to use them.
What do you do when yvou finally put a group of cells together
to make a battery? How tight do you select them? And why
do you have to throw the rest of them away? Why don't y ou
Just buy the product to that spec?

SCOTT: I'd like to comment on that. First of all,
I agree entirely that an upper limit should be imposed, in
addition to a lower level on capacity.

I'm not guite sure that any or any one group can
decide today on any individual number for what this dispersion
in capacity should be. But I know that we have a great
difficulty accommodating the spread like plus or minus 7 or 10
percent in capacity into most spacecraft programs.

This becomes even more difficult when you get into
the area of systems containing more than one battery in

parallel, where the characteristics from battery to battery now
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beconme critical.

And therefore, we must, I think -- at least I feel
that 1f you're going to build systems in this way, and
certainly some of these very large power systems that may be
coming up for the space station and so forth, appear to
absolutely require many parallel strings of cells, that the
uniformity of characteristics of cells and batteries over a
large number of cells have to be strictly controlled.

And I think this 1s going to demand a much tighter
control on the capacity spread over periods of years of
production -- not just a batch of 50, or a batch of 30 or a
batch of 100.

And so I'm all for this approach. But I don't
really know what those numbers should be. I think we probably
have to look harder now at the procedures and requirements
for cell matching, and translate those requirements back into
the cell specification. 2And I don't thaink we've really done
our homework on that vyet.

So I don't really think we can hammer that out today,
eilther.

PLETISCHER: I thank 1t would he nice 1f the Bell
Laboratory people would tell how they selected their cells
for matching in the Telstar program. As I remember, 1t wasn't
only capacity, but recharge voltages and various voltages. It

15 rather difficult toc tell from the report exactly what the
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criteria wvere that were combined. But they have already done

this, and maybe thelir experience could help in settling what
things ocught to go in here.

CASSOTTA: As I recall, the parameters that we used
at the time were end of charge voltage, for one. This was at
room temperature, following a l6-hour charge at a C/l0 rate.
It was the end of charge voltage, following a l6-hour charge
at the C/15 rate at 32 degrees F. It was the discharge
capacity at room temperature following the charge I described,
through a one ohm load, and a similar discharge capaclity
through a one ohm load at 32 degrees F.

We looﬁed at the overcharge potentials at the end
of -- and I'm not certain of this, this i1s the one that I'm
kind of stabbing at. This was way back, Art, and I haven't
look at those numbers recently. But I think two weeks was
the period that we used.

We also made what we arbitrarily decided were
1nternal resistance measurements, and self-discharge measure-
ments. Then we took each of these parameters on the group
that we had measured them on, and constructed distribution
plots of each of these parameters.

And based on the dastribution plots that were con-
structed and the cells appearing within a band wh;ch*we.arblm
trarily selected, this 1s essentiallv how we went about it.

STROUP: We do very much the same thing. We put
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more weight on the -- in our flight batteries -- on the over-
charged voltage that we do on the capacities. Capacity ranges
in actual flight batteries have been plus or minus seven
percent, perhaps, at the gross condition. The capacities don't
seem to work too much against us in the actual operation of

the battery.

The big problem is having overcharged voltages
uniform hetween cells when you put them i1n the battery. BSo
I would say that the overcharged voltage, from my experience,
1s by far the more important single i1tem that you can look at
when it comes to selecting cells to put into a space battery.

* 1
And this 1s one reason why before I had commented on the staip-
ulation of the 1.51 voltage at room temperature, and the 1.48
overcharge voltage at room temperature.

Now I'd like to say just a little bit more about
that. On the radio astronomy satellite Explorer battery whaich
was built at Goddard, the mean overcharge voltage of that
particular package was on the order of 1.41 at room temperature,
1.41., And the spread was on the order of 1.40 to about 1.43 --
over about 90 percent of the cells fell in that range. That's

on overcharge.

FORD: One thing that has been overlooked in this
testing 1s the fact that are you going to run most of these
tests, electrical tests at least, still looking at the pressure

characteristics of the cells. I think in too many cases this
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one characteristic 1s let fall by the wayside, when in fact

1t becomes very important, particularly where you can observe
over a period of several tests a trend in a cell to show stable
pressures, or a cell to show continuously increasing préssure
over several test sequences.

I don't think anywhere in this spec it 1s mentioned
that the gain should be left on the cell throughout the elec-
trical test. Granted, the mechanical test 1s something else.

But I don't think this information should be over-
looked. It goes one step further, as was mentioned yesterday,

that there 1s another consideration I think is 1mportan£ and
we should begin to look at 1t very hard -- 1s the recombination
rate of oxygen in the cells become a criterion also‘for cell
selection.

SULKES: Sulkes, U. S. Army Electronics Commarid.
One point that the gentleman from Bell brought up that would
perhaps be gquite a good test -- and I'd like to ¢get some
opinion on 1t -- would be a use of either a capacity loss on
stand, or let’'s call 1t a charge efficiency test, where you
perhaps only charge up to 90 percent of capacity, and then see
what you get.

If this would be some sort of valid test of perhaps
how much naitrate 1s 1in the cell, and what efficiencies they do

have. This might be an important characteristic as well.

GROSS: Gross, Boeing. We mustn't lose sight of the
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1N fact that there are two things that distinguish. One 1is the

2|l problem of getting good, uniform cells to begin with, and the
3l second is the task of selecting from that group the best

4|| matching that we can.

5 Certainly you can get matched capacity to any speci-
4 fication 1f you have a large enough sample. But to me, the

7| 1mportant virtue in specifying close tolerances on capacity

gl *s that the cells will have the best chance of having been

g|| made in the uniform way, so that they will age in a uniform

10/l way. And they will behave pretty much together.

11 You certainly would not expect that 1f you have a

12|l very large variation of capacity and then select from that

13|l group the best cells, even though the capacaity 1s the same,

14|| they certainly would not age the same.

15 THIERFELDER. Thierfelder from G.E. I think we're
16 over-emphasizing this capacity measurement by quite a bit.

17 I've found in actually going back over the results of life

1gll tests that there was no correlation between the life of a cell
19 and the capacity of a cell when they were new. In fact, in an
20 awful lot of cases the ones that had the best capacity were

the ones that failed first.

21
29 And I found that there was much more sensitivity 1in
23 a test when you cycle the cells -- for example, specifically,

24 we cycled cells for 20 cycles to some given depth of discharge,

Ace — Federal Reporters, fnc

25 and at the end of the 20 cycles, completely discharged the cellsl|,
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And what we then called the -- I forget the name -- the
capacity from the end of the last cycling discharge down to
1.5 volts, this could be correlated to some extent to the life
of the cells. This was on the Nimbus program.

But to try to correlate life versus the original
capacity, there was no correlation at all. And to think that
by getting the highest capacity cells we're getting the best
cells, I think this 1s very nmisleading.

SCOTT: I don't believe that I heard that we are
striving for the maximum capacity. 1 agree with you that the
highest capacity for a given size cell 1s not necessarily the
most desirable thing to have. I thaink that a controlled
capacity is more desirable. .

And there 1ies also a possible impact of extra high
capaclity, cell capacity, a possibly adverse interaction of that
with excess negative capacity; because the higher the positive,
presumably, possibly the lower the excess negative capacity is
going to have to be.

So certainly I think that, again, there should be an
upper limit as well as a lower limit on the capacity specifi-
cation.

STEINHAUER: Steinhauer, Hughes. I'd like go on
record as concurring with Dr. Scott's earlier comments on this

subject.

We're putting into a spacecraft, on both the charge
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control and on the discharge load sharing. Each spacecraft
has 1ts own characteraistics. We may need closely matched end
of charge or overcharge voltages, depending upon the charge
control technigque that is used. We may need extremely uniform
discharge capacity, depending upon whethér 1it's a single bus
spacecraft or multiple bus, depending upon how these batteries
may load-share.

Right now on two of the spacecraft that we have in
progress we're using a battery cutoff voltage, or we design
to a 117 or 115 volt per cell on a battery. But this 1s an

€

average, to end of discharge.

We look to very closely matched cells to be able to
do this on a battery basis. We don't want to have to sense
individual cells.

So, all I'm saying is that this specification cannot
state what would be required for each spacecraft or any in
general. I think we have to come up with some general charac-
terizing and classification of the cells that would be reguired
overall. But these paragraphs are going to have to be amplified
for each spacecraft application.

FORD: Ford, NASA Goddard. I'd like to make a
further comment on that. In fact, 1t goes so far as to say
that for every spacecraft application your cell selection
criteria should necessarily be different.

FPor example, in synchronous orbit it 1is not uncommon
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to see depths of discharges in excess of 40 percent, and
even possibly in some cases up to 70 or 80 percent.

Certainly in this case cell matching ain capacaty
becomes very important, as contrasted to a spacecraft in a
200 nautical mile orbit, where you're only using 15 to 25
percent of the capacity.

Another example 1s a situation where you may have
low charge rates available, and your range of C/30 to C/40
consistently, throughout the life, T don't think 1t really
gains you much to match capacity at a C/10 charge rate, when
throughout the life of the cell it's going to be C/30 with a
40 charge rate. |

So, to tie this specification into cell selection
and cell matching, I think is out of the guestion. Because
each application has to be considered in 1its own light, and
the certain requirements that are associated with the applica-
tion.

GASTON: Gaston, Grumman. I'd like to go back to
Mr. Ford's earlier comment, and I certainly agree with ham
about the overcharge characteristics for the voltages are
very important in cell selection. On the OAO batteries we have
used a distribution curve with the various overcharge voltages
at three different temperatures. And we also compared the
pressures. And based on that we have sele dced the cells which

?

were most closely matched. And I strongly believe in the
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paragraph 8.8 in the overcharge test, that in addition to 75
degree overcharge, a lower temperature overcharge should be
added to see the recombination characteristics at lower
temperatures.

SCOTT: Well maybe I'd like to take thais five-second
gaé to get back on the track a little bit here. Maybe 1f we
have time at the end we can come back to talk about some of
these more philosophical questions.

I don't mean to say that theyre of no importance,
but I believe, as was earlier stated, the intent of %hls
section was to provide some examples of generally applléable
acceptance tests that might be uéeful in comparing cells
made by a given process, regardless of what their end applica-
tion was, and regardless of what the specific requirements
for cell matching charge control and other characteristics
for a given application may be, I'm not certain that there is
any one set of completely acceptable, universally applicable
acceptance tests.

But this 1s what we're exploring rlght now, and
this 18 a farst cut. Certainly these cannot be expected fto
be the substitute for actual, individual cell tests to design
a battery for a specific application.

T

I have some formal comments on the combination of

t

sections 8.5 and 8.6. Comment:
+

"The most practical method for testing a large
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number of cells is in these cases a temperature
chamber. Again, convection heat transfer 1s used and
under these conditions a tolerance of plus or minus
two degrees F. 1s insufficient. It is reguested that
the tolerance be opened up after determining what can
be obtained."

Again, on 8.5 and 8.6:

"Both sections appear arbitrary in the selection
of these test temperatures and current densities. If
the end use of the cell requires operation at tempera-
tures other than 75 degrees F., then the operating
extremes should be the test temperatures. In this
manner the cell operation at the duty cycle temperature
is measured. Saimilar comments also apply to charge and
discharge rates.

"Also, this test procedure will impact directly
on cost and delivery of the product, since the manufactur-
ing cycle 1s extended and additional labor is required."

Other comments?

FORD: Ford, NASA Goddard. I'd like to ask a

question -- 1f there would be any response to 1it.

As standard procedure for the manufacturers'® repre-

sentatives here, does anyone normally run any tests at other

temperature than room ambient? I'm not talking about the test

!

!

specified by the customer —-- I'm talking about of your own
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choosing. Do you run tests at other temperatures, other than
room ambient?

RAMPEL: Rampel, General Electric. Yes, we do. We
run high and low temperature, in that order.

RUBIN: Rubin, T.I. In terms of normal in-process
testing, as this specifies, we only test 100 percent -- to
a 100 percent level at 75 degrees F.

SCOTT: Paragraph 8.7. Comment:

"Is there any significance to the 5C rate and does

1t reflect the maxaimum all cells have to perform at?"

Any further comment on that?

(No response.,)

I may comment that in tge light oé the definition
of what this was intended to do, I guess it may be obvious
now that this was not intended to represent any‘spec1f1c
usage, but only a number that is useful for characterizing
the high current capability of the cell, and in a general
manner, for comparative purposes.

FLETISCHER: Does this mean that the casll 1s to
be discharged for 10 seconds at 5C, or that i1t has to be at
one volt minimum for 10 seconds? I don't quite understand
what this means.

BILLLCRBECK: I think 1t was intended to mean that
after 10 seconds of discharge, that the voltage should remain

1

above one volt. And I thaink this i1s typical -~ that thas
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requirement stems from squib firing in the spacecraft.

BELOVE: Belove, Sonotone. As I recall the origin
of this test, 1t started with soﬁe of our first cells. In
the cylaindrical cell, with a two-plate cell, at that time
there was some difficulty with welding. We were never quite
certain as to whether there was a weld established at the
bottom of the cell. This has since been changed. But at
that time we established a high-current, 10 second test. Aand
we read the vol%age after 10 seconds, and through that, estab-

lished whether we had a weld or not. Because at the hagh

rate you could usually determine the difference between a good

and bad weld.

At this time we see no reason for i1t in our cells
and I think in others too, because welding has been improved.
But 1n the early days this is what i1t was used for.

FORD: Ford, NASA Goddard. This type of test is
normally run as standard procedure on flight hardware after

environmental tests.

SCOTT: Paragraph 8.8 -- is there some other

question?
(No response.)
Comment on paragraph 8.8:
"Does this test reflect what 1s required of the
cell during actual operation? It could ainterfere with a

7
cell design where maximum electrolyte fill levels are




wel 24

10
H

12
13
14
15
16
17
18
19
20
21

22
23
24

Ace — Federa!l Reporters, inc

25

290
desired, and where the actmnal application does not require
extended periods of overcharge. This tvpe of test is best
coordinated with a 'conformance to duty cycle' specification,
and would include the extremes of operating conditions."

That's all the formal comments I have. Are there
others?

RICHARDSON: Richardson, Marshall. On 8.10, on the
shock test, we at Marshall don't normally shock test flight
hardware that we're going to f£fly. Normally the shock test
1s only performed during your qualification test, where you
want to qualify a basic design of a component, or a black box,
or whatever it might be - - or a cell.

It seems to me this wouldn't be desirable, to run
a 100 percent shock test on all your flight cells -- not unless
there's an application where they're going to be repeatedly
shocked.

I don't know —- maybe you have this in mind.

SCOTT: I think we skipped over paragraph 8.9. If
you'll bear with me to keep this thing in order. I don't have
any formal comment here on 8.9. Are there any others?

GASTON: Gaston, Grumman. There :is apparently
some alternate procedure to this charge for five minutes and
let stand for 24 hours. The alternate procedure 1s to apply
a one-chm re§1stor for 16 hours, and let the cell stand for 24

hours, and then measure the voltage build-up. We have found
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this a very sensitive test, and possibly more sensitaive than
this test procedure.

I would like very much to see the alternate procedure
included in here.

SULKES: Sulkes, U. 5. Army Electronics Command.
One thing that appears important -- these tests should defin-
1tely be specified by order. As Floyd just pointed out, this
high-current discharge appears to be a very good test after
your shock and vabration, 1f it does pick up things like weld
failure.

The same thing with the charge retention, where you
may 1nduce a short. You might be able to pick that up after
shock and vibration.

But the order of tests I believe 1s extremely impor-
tant, and should definitely be specified.

GASTON: Gaston, Grumman. I have an additional
comment on paragraph 8.9. I think the temperature should be
specified.

GROSS: Gross, Boeing. On 8.9, I would think that
the title of the -- the title "Charge Retention" 1s not
perfectly correct. It's basically a short test. You're
testing to determine if you have a short.

STROUP: Stroup, Goddard. On that 8.7, before we
get too far away from that, I want to say one thing. The 5C

rate dascharge for detection of bad connections, while I would
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it 1s a very good test, for certain cells, that would not

hold true in my opinion as well as you would like for 1t to
hold true for other cells. There are some cells that will,
for instance, withstand a 30C rather than 5C rate, and still
be better than one volt for a period of 10 seconds without
any problem. Sonoﬁoné has made many of these, by the way,
and I 1magine theyv're still doing 1t. And of course other
manufacturers are making cells that easily do 10 seconds at
better than one wvelt at a rate of around 20C.

FORD: I would like to make a general comment in
regard to paragraph 8.9, for information purposes. We are
currently involved in-house in a program to look at both this
type of test, charge retention test, and the other type of
test we refer to as the open circuit voltage recovery test.
And as Steve indicated, we found out that both tests are very
sengitive to temperature. They are also somewhat sensitive as
to how the cells are discharged. They are also sensitive to
whether the c¢ell has been cycled many taimes previous to
running this test.

So my comment at this time 1s that we have two tests
available to u;. Both of them havé certain limitations that
I think we all should be aware of. And I'm not sure we know
at this time what all these limitations are.

It was veéy éurprlslng to us to find out that regard-

’

less of which test you ran, there was a difference ain open

r !
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circuit voltage recover that you got after cycling, as
compared with after a recondition cycle on a fairly new cell.

GROSS: Gross, Boeing. We should recognize in
paragraph 8.7, in a high-current discharge test, we should
recogn:ize that the small cells will have much greater capa-
bilities for high voltage at high discharge rates. The large
cells, especially the very large cells, will find this a very
difficult test and probably not necessary.

So the high-current discharge rate should really be
related to the size of the cell.

RAMPEL: Rampel, General Electraic. 8.9, Charge
Retention. I would like to suggest a compromise situation
between the open circuit recovery and the C/10 for faive
minutes and drop to C/10 to C/20.

CORBETT: Corbett from Lockheed. The label on 8.9
reminds me that I see nothaing in here that's similar to a
charge retention test -- that 1s a test of whether the cell
holds i1ts capacity for a period of days or weeks or so. And
since there's been a lot of discussion in this particular spec
concerning impurlties, and since this has been related to the
amount of capacity that a cell holds for a period of time, I
think this might be a good performance test to include as a
measure of whether the cell is good under those conditions.
That 1s, some sort of a test for perhaps a period of days, to

see what the -- how much capacity had remained in the cell, and
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perhaps decide upon a fixed percentage of rated capacity whach
would have to remain in the cells for a period of stand at
perhaps an elevated temperature.

FORD: Could I claraify your suggestion, that on
a 100 percent basis --

SCOTT: I have a comment to that. It seems to me
that that 1s getting pretty close to a highly applications-
oriented type of test, because in my knowledge there aren't
too many batteries, nickel-cadmium batteries, being used 1n
such a way that they are required to retain much charge on
open circuit. Maybe I just don't know about them, but 1f
they are not, then 1t seems to me possibly somewhat academic
as to what the longwéerm, open-circuirt charge retention is.

CORBETT: I guess I would have two comments to that,
Dr. Scott. One 1s that I thaink it's a good performance test
whlch indicates the general health of the cell; whether or
not there .happens to be an application for it, this is impor-
tant.

And another point is that this 1s related somewhat
to the efficiency, and we have seen considerable variation
from cell to cell of the charge efficiency, whaich I think is
something that 1s undesirable from the systems standpoint for
an orbiting spacecraft —— particularly low orbiting spacecraft.

The second point 1s that usually when %ou're sitting

!

in a spacecraft on the pad, 1t may be for usually more than
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two to three days, and I think 1t’'s an undesirable feature to
have to continually trickle the battery, or at least you
wouldn't want to have to depend on that.

Also, 1in synchronous orbit, 1t requires two to three

P

days for a vehicle -- 1f I understand that problem correctly --
for a vehicle to get anto the orbit that 1t's meant to be in.
And I thaink this 1s equivalent to the kind of stand time that
you need to meet for the application.

SCOTT: Other comments?

{(No response.)

So now we're back to 8.10, Shock Test. GSteve?

GASTON: Gaston, Grumman. I agree with the earlier
comment from the gentleman from Marshall. I believe 1f I wall
run shock tests on cells at an earlier point, I might faind
them later on rejected by the systems people, having over-
tested my units. So I'll be somewhat cautious about adding
shock tests at this moment. Because as far as I know, most
flight units are not exposed to shock tests, pre-qualification
tests.

SCOTT: Excuse me -— may I interject some of the
written comment here, which I failed to do earlier?

Comment:

"We are uncertain as to the neéd of an 80g peak

during §hock test. Perhaps we can be enlightened as to

the technical need.”
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And then on 8.10 and 8.11 combined:

"If these shock and vibration tests are general
enough to cover most operating environments, then
these sections are acceptabla.

"Also, this type of testing, if performed on a
100 percent of the lot, would dairectly impact on costs,
since 1t requires more direct labor and would also
lengthen delivery time."

And then further, on 8.11:

T

"In general, we find the vibration levels rather

7

high and more in line with quailficatlén type levels
rather than cell acceptance. Is there some particular
reason for extending these levels?"

If there 1s no comment we'd better proceed here.

I have no comments here on 8.12. Are there any
others?

FORD: I have a comment. I feel like that following
the cell being subjected to a leak test of this type, 1t
should be followed by a chemical leak test.

SCOTT: I have some comments on 8.13. Comment:

"We generally use X-ray technigues to determine

the proper location of internal components, and for
showing the absence of foreign materaials. It would

requlreVT or 8 views on each cell to determine weld

integrity and at that would be extremely difficult on
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"We suggest that the question of X-rays be something
which 1is negotiated between the manufacturer and his
customer.”

Further comment? This section must alsoc include
the minimum acceptable resolution as specified by a minimum
detectable particle size. Measurement can be effected by
using a penetrometer. Particles 0.10 inches in the smallest
dimension can readily be detected.

Any comment from the floor? Steve? »

GASTON: Gaston, Grumman. I agree with the earlier
comment which says the weld joint -- to detect the weld joaint
integraity, or the weld joint failure by means of X-ray -- or
weld joint defects by means of X-ray, 1s not a practical
method. I don't think 1t can be conducted on a large scale.
We tried 1t and we were not too successful.

However, you can detect impurities, particle sizes.
And we have a 10 mil size arbitrarily as the rejection
criterion. Any particle which can be seen outside the spec
integrity, around the edges or the tub, inside the cell, thas
1s subject to rejection -- any particles larger than 10 mils.

RICHARDSON: Richardson, Marshall. You say you
defined particles in there vou can —-- where are you seelng
these -- up above the plate area?

/
GASTON: Above the plate area, and you see 1t on the
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edges or the sides.

RICHARDSON: We've had some experience at Marshall
X-raying silver cells. We ran into a little problem where we
were getting short, and so on, and we, in looking into some
of these cells, on the edges of the plates going in on an
angle X-ray, you can actually see bent corners of the plates.

So we started X-raying all cells on one of our stage
programs, on the corners. I believe that was the only two
places we were looking at. We didn't go on a full X-ray of
the cell, like, say, look for particles that were loose up

there, .

i

So we wind up rejecting cells if we see something
in the X-ray there that might look like 1t's bad, we just
automatically reject the cell. It may or may not be the cause
of a possible shorting, you know.

GASTON: Yes, we are considering the whole X-ray as
established. At the moment we are not able to determine
whether this 1s a metal particle or any other particle. That's
one of the difficulties. Now 1f it's a non metallic particle,
apparently 1t's not subject to shorting. But the metal
particle would be. So we will have to reconsider that, the
whole X-ray analysis.

RICHARDSON: Now in only one case -- we have one
type of cell thats got a narrow plate, and i1t was shorted at

{
the Cape. &And in the failure analysis we went ahead and, since
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we knew the general area in the cell, because the case was
warm, we ¥X-rayed there, we could actually see the particle
embedded in between the plates. It was a silver particle.

But here again, if you had to do this on a productioj]
basis you'd have to take about 8 or 10 shots so that you
could look perpendicularly, right parallél to the plates.
Because you'd be unable to take one shot and look through all
the plates. It would be quite an expensive process to do it
as an acceptance test, to take 10 X-ray shots of every cell,

And then here again, you may or may not see 1t.

GASTON: Yes, I agree 1t's not a perfect method ain

v s

production. At the moment wé're only taking three pictures.
We take two views prior to sealing and one view after sealing.
and we have detected some particles. We haven't guite estab-
lished what they are, whether metal or not. But we have seen
particles larger than 10 mils, and we have not used those
cells,

May I ask you, in the silver-zinc cells, was that
plastic case or metal case?

RICHARDSON: Plastic.

GASTON: Oh. With a metal case 1t's even more
difficult.

RICHARDSON: Yes, I can imagihe 1t would be horrible
going throug? metal, and especially 1f you're trying to

evaluate let's say the weld on the tab, 1f you've got cracks
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or anything. Most of our X-rays are of weld joints, you know,
on the stages, and here you're putting the film maybe right
behind the weld joint, and you get a pretty good shot at it.
And we even take angle shots. We're looking for porosity,
internally ain the weld joints, and the cracks, and porosity
with sharp taills and various things of this nature. And that
would be real tough, trying to find thais internally in the
cell at your tab area, I would think, to look for a bad weld.

GASTON: Well, I agree 1t's not a perfect method.
But even an imperfect method 18 better than none. So I'd
like you to look at 1t a little bit closer and see what we
can come up with in this X-ray technique.

RICHARDSON: Then you have a question of evaluation.
If you see something there, you should have standards for
accept or reiject; and here you get into all kinds of problems
of what people see. And people have different machines they
use that sometimes vary. And being able to resolve certain
items 1n the X-ray. And some films they'd be less dense than
others. And you'd get into quite a problem with X-ray inter-
pretation in this area.

So you have to be awfully careful, I think, when you
determine accept or reject criteria when you're looking at
X-rays - unless 1t's gomething obvious -- you've got a blob

in there that you can obviocusly see.
H

SCOTT: May I comment? How long are you guys going

l
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to carry on here?

GASTON: Just one more comment. In case of doubt
I'd much rather reject one more than‘cne too little for flight
batteries. We might take a perfectly good cell and reject
1t because there would be a shadow in there.

But it is an additional tool that I like to use and
I'd like you to explore 1t a little bit more.

SCOTT: X-raying of cells, nickel-cadmium cells ain
steel containers, 1s not something that 1s new. TRW has been
doing this for years and years. We've gone through all the
agonies that you have just recgited. Indeed, they are many.

The net outcome is that we still firmly believe that
the advantages outweigh the disadvantages. I could recite
the whole story for anybody, if they have time. We have
worked out as quantitative a standards, methods of evaluation
and so forth as the state of the art permits. All this has
been implemented, 1s being used, and so i1t isn't something
that we're just tossing in here. I think 1t's something that
has demonstrated definite usefulness from the point of view
of the user.

A more detailed comment: We routinely obtain a
pretty good view right between the plates of a nickel-cadmium
cell, and can pretty well see through almost all the plates
on one, single shot -- right down through the separator. It's

not perfect, but you don't need 3 or 4, 5 or 8 views at’ all.
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If you back off far enough, use the proper conditions, you
can split the plates -- even through the steel container.
It's just a matter of deciding you're .going to do it, and it's
worthwhile.

So, there's a thunk of technology here, I think,
that's worthwhile locking at.

NIETZEL: Nietzel, T.I. I'd like to concur with
Mr. Gaston, that particles as small as 10/1,000ths can be
readily detected by ¥X-rays.

SCOTT: 8.14. I guess I have combined comment on
8.14 and 8.15:

"These steps are readily performed,tbut they will

also impact on cost and delivery time of a given lot."

That's all the formal comments I see here. Any

Ed

others?

{No response.)

I guess that wears that out.

GASTON: May I make just one more comment please?
On paragraph 8.3, on the electrolyte leakage test. I'd like
to suggest after washing the plate with a water, I think it's
specified, to have a vacuum bake added to remove any water
which is outside the cell and which are on terminal areas.
Some terminal designs have a cavity which 1is open to the
exterior and which 1s covered with plastic. There 1is a

possibility that a water trace could penetrate through this
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and canse possible corrosion.

We have added as a safety feature, we have added a

vacuum bake.

STROUP: Stroup of Goddard. Did anyone make a
correction on the leak rate on 8.12, from 10.6, the helium
leak rate -- shouldn't that be 10 to the eighth?

HALPERT: You're talking about changing 1076 to
1078 there? |

STROUP: Yes. I wasn't coming up with anything
new there. This correction has been made at other points
throughout the document. And certainly, 1f you're going to
be consistent, then you would have to continue with that one.

HALPERT: Okay.

STROUP: I would like to say one other thing on
that. I would like to make the observation that i1f you have
two cells, one cell that does not leak that has helium in 1t,
and one cell that does leak and 1s supposed to have helium
in 1t, that you'll get the same result on tests, with thas
particular test. That is, both of them will show good fields.

HALPERT: If there are no more comments, I'd like )
to move that we take a break here. And I will mention that
there 1s coffee in the back as there was yesterday. We also
have copies of the specifications for zinc plates and for

silver plates down here; 1f you havent picked up a copy and

you'd like to scan them over before tomorrow's meeting, they're
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available,

I would like to resume -- keep the time to fifteen
minutes at the very most, so we can finish up as early as we
can this afternoon,

So let's come back rather quickly, please.

{Recess.)

HALPERT: Gentlemen, please take ybur seats. We
have something to cover and we would like to cover 1t before
it gets too late.

There was a comment about number 8 that Floyd Ford
wanted to make before we completely close out that section.

FORD: Yes. The comment is in reference to 8.9,
Charge Retention test, or whichever one results.

This type of test 1s somewhat sensitive to the
pressure applied to the broad face of the cells. In other
words, the cell should be constrained in a configuration under
pressures that are somewhat similar to the conditions that 1t
will be subjected to in a spacecraft battery, when thas type
of test is run.

HALPERT: Okay. If there's no comment about that,
that will complete section 8 and we'll go on to section 9.

Section 8, just by way of introduction, i1s -- we
call it a sampling for production cells, and taking those cells

apart and doing an analysis of the materials in the cells.

Thas sounds like a duplication of some of the
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earlier work and some that may not be required -- that should

not be required since you've already constructed these cells
based on given specs. ,
But I think 1t's a matter of assuring, .at the
beginning, anyway, of assuring -- giving us confidence that
what we are really producing ~- we are going into these cells

and are looking like they're supposed to after they have been

assembled into a final product.

]

I'm sure that's one of the first things -- that aftexy
the spec has been utilized to some extent and we have a lot
more data, I think this 1s one of the first thingsithat will
be reduced considerably.

But I would like to read a couple of comments I do
have in general. ‘I don't have any specific comments about
any of the items in there -~ just two general comments on the
entire area.

"Regardless of which of the specified tests are
performed, there are no dimensions or tolerance levels
specified. In general, a large amount of data will be
generated without any immediate use.of a parent plan
to use this information.

"Also, the need in general of these tests is
questionable. Tf thelprev1ous testing of plates, electro-
lyte and separator has been performed, these tests

become redundant and costly —-- up to five percent




wel 40

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Ace — Faderal Reporters, Inc

25

306

increase in the finished cell price. There are no
specific comments other than those previously made
regarding method and types of analyses."

Second comment:

"The sampling procedure of using a minimum of five
cells could be extremely expensive on a small production
run. Although we consider this an excellent experimental
program to determaine potential changes due to electrical
use of the cells, we are not sure that this 1s justified
in procurement type of contracts, and it may be better
done in a controlled experiment."

Those axe the two comments I have on Section 9.

Does anvbody care to make a comment about the necessity —-
the use of this type of test in a specification?

HENNIGAN: I would like to make one comment here,

I think, 1n the separator area. I thaink that this 1s one
area that should be looked at after the cell has been used.

HALPERT: Any other comments regarding number 9 at

all? I will not cover the individual sections. We have two
pages 1n which much of the analyses 1s done similarly to what
has been done before on the basic materials.

Again, the intent here 1is to assure that we have

the materials in the cells that we intended to put in there,
and to make sure that nothing has changed in their manufactur-

ing process. No question or comments concerning number 97
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REED: Reed, from Battelle. I have a question about
the intent of paragraph 9.2.7. It says, "Using the plague
from Paragraph 9.2.5, determine the strength of sinter. . .*
and so forth. 9.2.5, this is the one in which you've just
rerformed a metallurgical reduction on positive plates.

Do you want this strength of sinter and surface area
determined on the reduced plate, or on something else? It's
not clear to me what you have in mind.

HALPERT: 1In 9.2.7 when we're talking about the
plagque that's left after the extraction —-- and in 9.2.5, we're
talking about the plate before we do the extraction. This
tells us something about the corrosion.

GROSS: Gross, Boeing. In 9.2.7 i1t will be found
that the plaque has corroded in a very non-uniform way,and
this will present problems. Some areas will be very much
changed and other areas will be changed to a lesser extent.

NIETZEL: Nietzel, T.I. Jerry, I believe what you
mean here 1s that the plaque from 9.2.6 -- that is what vou
would use. You take 9.2.6, which is the plate, extract from
that your active material, and then take the resultant plague
and go back and look at your sinter strength, surface area,
pore volume, pore size distribution -- and then you would try
to compare that with the initial plagque used prior to impreg-

nation.

HALPERT: That's right. It's 9.2.6. That's correct.
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NIETZEL: Then that should be 5%.,2.6.

HALPERT: Raight.

NAGLE: An additional step that you might use here
that would give ycu information in section 9, would be to
determine where your cell balance 1s before you take the
thing all apart; find out where vour cadmium 1s, what kind
of a ratio you have between positive and negative.

HALPERT: I think that may be discussed a little
bit further, in 10.

Are there any other comments concerning section
number 9?

(No response.)

Okay. Then we'll go on to section number 10, the
sampling of production cells - electrode capacity test. And
I think Dr. Scott is going to stand in here.

SCOTT: Section 10 describes a tentative method for
determination of the electrochemical capacity of the positive
and negative electrodes in a completed cell.

Comment 1:

"We question the minimum value of the negative to

positive capacity ratio of 1.5."

This 18 regarding, I guess, paragraph 10.0.

"We would again like to see the technical justafi-

cation for thais value and wonder i1f control experiments

could bear this out."
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Again, comments on 10.0:

"For those plate manufacturing processes which do
not normally provide these data, -this testing procedure
i1s desirable, but will increase the price. Its major
benefit 1s the measurement of the distribution of
negative capacity. The range and dastribution of positive
capacity will be determined on a cell basis also in some
formation procedures.”

Another one specifically regarding 10.0:

"A negative to positive ratio of 1.5, based on

-
-

flooded formation testing is considered an arbitrary
value, since the need for excess Aegatlve éapacity and
its distribution is effected by the following:

{a) Chafge rate {

(b) Discharge rate

(c) Temperatﬁ?e

(d) overcharge rate

(e} Degree of overcharge

(f) Life

(g) Plate loading and thickness.

The amount of and distraibution of negative capacity
1s considered a design parameter which 1s selected based
on the duty cycle.”

End of formal comments on 10.0. I would like to say

that I don't believe that during the formal discussion of
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comments on this section that we should get into a big hassle
on the exact c¢riteria. I think we will probably come back to
this when we finish the more routine discussion of these
things, and I feel that this is indeed a difficult gquestion,
of what this ratio should be, and why; and getting into that
discussion now would unduly prolong the finishing of the
normal business at hand.

So I would suggest we want until we finish, and then
come back to this point later.

Other than the actual numbers that we are aiming
for, are there other kinds of comments on 10.07

(No response.)

10.1, Sampling Rate., I have no formal comment on
that. Are there any other?

CARR: Carr, Eagle-Picher., Excuse me, Dr. Scott.
I have just one comment regarding the sampling rate. It seems,
since this 1s considered a destructive test, and we're talking
about a 10 percent sample, or some other sampling basis --
but these are pretty high numbers and do increase the cost
quite a bat.

SCOTT: Yes, I believe that possibly some maybe
more statistically digestible sampling plan could be approp-
riate here. It certainly -- I think that the actual percentage
should be a function of the test lot size and other process

considerations. So this 1s a rather arbitrary number right
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now, subject to negotiation.

RAMPEL: Rampel, General Electric. The electrode
capacity test 1n 10.0 is very dependent upon the sequence of
testing before it -- the history -- particularly in regard to
what you're going to find in the way of electrochemically
active cadmium.

So 1t's important to spell out conditions beforehand,
the history.

SCOTT: I believe that 1s done to some degree in
10.2. Are you saying that that's not sufficient?

RAMPEL: No. I see you have 1t covered.

SULKES: Sulkes, Army Electronics Command. One_
guestion -~ 1s this test on a completely random basis, or sort
of use the ones that are just not that desirable?

(Laughter.)

SCOTT: I guess I don't understand the guestion.

SULKES: Well, in other words, it doesn't call out
a completely random basis, and 1f I was the manufacturer and
I had to make a subjective judgment, I would give the ones
for this test that are, let's say, slightly out of voltage or
slightly out of spec -- or within spec but out of tolerances
on capacity —-- in other words, that type of thing. You would
try to save your best ones for your actual flight batteries.

SCOTT: Any comments? It seems to me that if

statastical sampling is done honestly, 1t cannot put up with




wel 46

10
1
12
13
14
15
16
17
18
19
20
21
22
23!
24

Ace — Fedetal Reporters, Inc’

25

312
any shading of that kind, and you'd pick, presumably, as many
good ones as bad ones.

Cn 10.2, I have some comments:

"To assure uniformity for lot to lot testing, the
value of 5/C ohms should be based on C equal to average
delivered capacity of the lot of cells."®

Any further comment on that?

FORD: TFord, NASA Goddard. If I ainterpret that
correctly, 1t means every cell, or every lot of cells, may
be run at a different current rate, and consequently a
different current density?

SCOTT: That would be the way I would interpret 1it.

GROSS: Gross, Boeing. Relative to the last comment;
I would personally prefer to see the rated capacity closer to
the delivered capacity, and continue to use rated capacity
for a great many of the tests that we do.

But there i1s a problem 1f the rated capacity has too
great a range.

SCOTT: Paragraph 10.3. Comment-

“The cell should be discharged without the addition
of electrolyte, since this increases the efficiency of
the electrode and will yield higher usable cadmium metal
levels than would be usable 1n the starved condition.

On charge the cell can bg operated under a partial

H

vacuum to remove the evolved hydrogen and oxygen."”
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That's all of the submitted comments I have. Are
there others?

{No response.)

I might just mention one correction, or maybe a
couple, which may or may not be obvious. In Section 10.4,

the expression for (T ) should read "Time from start of
P
dirscharge." 3

and down here in the third from the last line, the
expression for excess capacity of total negative over positive,

there should be brackets around the difference between (T )

N
and (T ). 3

P
3

And 1in the last line, there should be brackets around

all three terms following I .
0

SULKES: Sulkes, Electronics Command., I started
looking at these equations, and maybe somebody else has found
1t too who can explain 1t to me —- but 1t would appear that
last relationship should be (T ) - (T ), and there should be

N N
3 1
no need for positive capacity at all, in there.

SCOTT: Well, because this is a calculation of

excess, 1t's excess relative to positive. So positive has to

be deducted.

SULKES: Well, first, shouldn't it —-- walt a minute —-
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let's see, (T ) -- in other words, you're charging your
N
3

cadmium up completely, fully:; then discharging it, getting
it's full capacity; whereas, (T ) is the actual negative
N

1
capacity, as it was in the cell; and therefore, 1t should give

you that excess discharge negative.
SCOTT: I can see there's a typographical error
here. One of those two has to be (T ) in the last line,
N
3
Obviously, they can't be both the same. I missed that.

Offhand now, I don't know -- 1t must be~-

BOGNER: Shouldn't 1t be ST Yy - () - () -~

N N P

3 1 3

SCOTT: S0 the first one 1is (T ), not (T ).
N N

3 1

Does that help?

SULKES: Well, let me just say the term 1is right,
though, 1f you put that P capacaity in. In other words, you've
got two negative capacities, and the difference between them
should be what exists normally as uncharged cadmium -- cadmium
hydroxide. That's your excess. There should be no P term
in there. I don't see why --

BOGNER: Bogner, JPL. Maybe changing the terminology
of the terms -- 1t might be nit picking, but 1t might be more
understandable -~ 1f you called the first term -- just call 1t

(T } , total negative capacity: next term, call that excess
- .

3
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negative capacity; and the third term, on charge negative
capacity, or excess active cadmium hydroxide. These might be
more logical, easily understood term;.

SULKES- One other correction. In step 3, I believe
the first minus one volt should be plus or minus -- the plus
Oor minus sign should be reversed on the one volt terms.

SCOTT: I guess I missed that. What --

SULKES. Step 3, your voltages should start off plus
one volt, plus 1.5 and so on. The last term should be minus
1.0. 1It's probably just a typo -- transposing the pluses and
minuses on the one volt.

SCOTT: Yes, that's correct. The first one should
be plus one, the last should be minus 1.

Do you have something you would like to open the
discussion with now, on this section? Or do you want to ~-~
what would you like to QO?

HALPERT: Let's finish up the section, and then
we'll go on and --

MC CALLUM: I had a question on paragraph 10.2, where
1t talks about 5/C ohms; I don't recognize that unit.

SCOTT: That's a new unit; I invented it.

{Laughter.)

I don't believe that one ohm 1s appropriate for all
size cells. I think ait's going to give you a different

result with every different capacity. So I think you need to
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relate that load to the capacity of the cell. And that's my
approach -- I'm just suqggesting that.

MC CALLUM: As a dimension of reciprocal hours -~

SCOTT: Well, you know how this term C 1s used.
Fvervbody uses 1t i1n different ways. This is just -- I'm
not trying to make the units consistent here. I've never been
able to figqure out how to -- what a C/2 rate means, 1n terms
of units. So, 1t's just a number -- it's a resistance which
1s numerically equal to 5 ampere-hours over the rated capacity
1n ampere-hours.

FLEISCHER: Well, what you have 1s 5 ohms per ampere
hours. If you have a one ampere-hour cell, you have 5 ohms
per ampere-hour. It's ohms per ampere hour.

MC CALLUM: That isn't what he means.

FLEISCHER: Yes 1t does. That's what he means.

MAURER: It amounts to that.

FLEISCHER: You mean 1f you have 100 ampere-hours
cell you take 5/100 for your resistance? Don't you?

SCOTT: That's right. I think when you're talking
about a small range of capacities of cells, like 6 to 12, or
something like that, it may not make a difference., But when
you're working with a range of 6 to 100 I think 1t makes a
great deal of difference.

HALPER: May I get a a clarification of that? Thas

means that 1f you had a one ampere-hour cell, you'd be using
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five ohms for a one ampere-hour cell, 1s that right?

SCOTT: Well, that would be the logical --

HALPERT: Okay, and 1f you're using a 100 ampere-
hour cell you'd be using 5/100?

SCOTT: That's right.

HALPERT: Smaller resistance.

SCOTT: That's right.

HALPERT: I'm sorry. It's in the right direction.

{(Laughter.)

SCOTT: Well, doggone you ~-

(Laughter.)

SCOTT: Do you want to open the discussion to the
busginess of what the negative to positive ratio should be?

HALPERT: I want to finish number ten.

SCOTT: Okay.

GROSS: Gross, Boeing. I just want to point out the
typo erroxr in Step 2. On the "greater than" signs, you want
cell voltage greater than 1.53 here I'm sure, and you want to
get more than -- greater than 50 percent hydrogen.

HALPERT: Which paragraph is this?

GROSS: 10.3, at the top of the page —-- step 2.

HALPERT: I'm sorry, vou'll have to repeat where
you are.

GROSS: Paragraph 10.3, Step 2.

SCOTT: ‘That'’s correct.
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GROSS: Second sentence —-- "Cell voltage should be
greater than 1.53 volts."

HALPERT: Okay. ;

GROSS: And "gas evolved should contain greater than
50 percent hydrogen.”

HALPERT: That's less than 50 percent.

GROSS: Yes -- I presume that you want it the way I
just read at.

SCOTT- It should be "greater than." That's correct.

HALPERT: It should be "greater than."

GASTON: Gaston, Grumman. Just one suggestion.
Since I think we all know what C means, but maybe for clarifi-
cation 1t should be defined in definitions of what C means —-
just for clarification.

~ HALPERT: Are there any other comments regarding

section number 10?

FORD: Are we coming back?

HALPERT: Well, we'll fanish number 11 and then
we'll get into some more open ended stuff that we haven't —-

FORD: Okay.

HALPERT: -- fainished yet. Okay, for number 11, our
1}1ustrious chairman, Mr. Billerbeck will handle.

BILLERBECK: Well, we should be able to finish thas

one very quickly, since we have no written comments on this

section. And I thaink it's a very simple thing, and the
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intention of the section is just to ensure that the cells
are prepared and packed for shipment in a manner so they don't
get damaged.

Perhaps the simplest thing to do is just ask if
there are any comments from the floor on the first page,

11.0 through 1l1.6.

CARR: Carr, of Eagle-Picher. With reference to
11.2, 1s there any real reason to ship a cell in a short-
circuited condition?

BILLERBECK: IX'll try to answer that. I thank that
there 1s a possibility of short-circuiting during mechanical
inspection, which would be avoided if the cell 1s in a shorted
condition when shipped.

GASTON: Gaston, Grumman. A suggestion on paragraph
11.2. This "discharged here implies there's a possibility
the cells might be charged and have to be discharged. Maybe
the discharge regime should be referred to i1n some earlier
paragraph. And maybe -- "short-circuited condition" -- maybe
the means of how a2 cell should be short~circuited should be
specified, like a copper wire wrapped around it.

And another suggestion on paragraph 11.3, the unat
packaging. Maybe the c¢ell should be placed in a heat-sealed
polyethyﬁene bag prior to putting into the container., And
maybe each container should be marked on the outside at least

with a serial number.
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Another general suggestion 1is that all cells should
be stored at as cold a temperature as possible -- 1 should
say as cold a temperature as possible -- cool temperature.

For long—-term storage.

BILLERBECK: 2Any other comments on 11.0 through
11.67

GROSS: Gross, Boeaing. On 11.2, I would appreciate
hearing from people who might know, whether there 1s a differ-
ence between being shipped or stored for a long time, short-
circuirted, or versus stored fully discharged, but open-circuit-
ed.

I recall having heard that there 1s a difference,
but I have no facts. And 1f there are some facts, I would
certainly like to hear about themn.

BILLERBECK: Any comment on that?

HENNIGAN: One of the reasons i1s to keep that
voltage off the seal so we don't have any corrosion in storage.
It was very helpful, I think, when we had one seal on there.
But this 15 done as a matter of practice now.

FYORD: PFord, NASA Goddard. Right on here I don't
see any indication of a high temperature lamat. In shipping,
these cells could be put in a cargo hold such as the tempera-
ture would exceed -- could be extremely high. There may even
be a possibility of separator damage if the temperature got

too hot. I think this should be mentioned.
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BILLERBECK: Any other comments?

SULKES: Sulkes, U, S. Army Electronics Command.

In regard to Floyd's comment on temperature, there are these
temperature labels which can be bought for a very few cents,
and can be applied to these individual cells, and will give
you an andication of how high the thing has gone. In other
words, you can set a limit of 160 or 180, and i1t waill indicate
1f 1t has gotten that haigh.

BILLERBECK: I think that we can move on to the
next page, and - - 11.7, through the end of this section.

Any other comments on that, from the floor?

(No response.)

All right. .Fine. I thank I'll turn the meeting
back over to Jack Halpert then.

HALPERT: Okay. I think we're covered the specifica-
tion as well as we can, by number, at this particular moment.
And before I get i1nto some general poaints, I did want to make
this announcement again. We will be meeting here in this
room tomorrow morning at naine o'cleock, and I'd like to get
started on time at nine tomorrow.

We only plan to go until one o'clock, 1n terms of
talking about the silver spec, the zinc spec, and the silver-
cadmium spec.

So those of you who want to make your reservations

and check out of your motels can plan to be out by one o'clock.
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Second of all, 1f you haven't picked up the specs
and you want to take them back with you this evening, there
are still copies sitting here, and I do also want to make
note that if 'vou have not put your proper address on that
sign-in sheet, there's still the chance to make the proper
changes down here so that you do receive a copy of the minutes
of this meeting when they are completed.

Okay, at this poaint, I'd like to open for some
general discussion, and I would like to do it in the following
manner. I have received permission from there of the manu-~
facturers to read some general comments of theirs with regard
to this specification, and their feelings for 1t. I thought
you users and the Government people, might like to know how
they do feel about 1t, and this may be a chance for you to
hear how they feel and maybe ask them some questions about
these feelings. MNumber one:

"Gulton Industries is deeply appreciative of the
importance of nickel-c¢admium batteries for the space
program. We are more than sympathetic with the cobjec-
tives of the above specification document and welcome
the 1nterest and concern of the parties involved in
this preparation. We have always attempted to impose
the maximum practical amount of control and selection
of materials, processes and testirng, to obtain maximum

reliability and performance, compatible with reasonable
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costs and acceptable time pericds.

"We believe, however, that this document as present-
ly written, imposes standards ang levels of control on
testing which are probably beyond those required to
assure maximum reliability and performance, and are
impractically expensive and time-consuming.

"It 1s our recommendation that specific programs
be initiated to explore many of these areas and the
regsults used to implement or modrfy the present docu-
ment. We have made specific recommendations in thas

regard to NASA Goddard, Electrochemical Power Section,
3 - ~ey >

and others, with the cooperation of certain of the

prime contractors, and NASA has achieved some results

I
*

which are considered i1in a specific comment which we
will offer.

"Nevertheless, if mandatory, we can and will meet
the specification as written, given sufficient time,
money and egquipment. However, c0n51stenF with the
invitation to which we are responding, we intend to
comment specifically as listed in the attached outline."”

And some of the comments given today are -—- and

yesterday -- are relative to that.

|

Ags to the General Electric comments:
"Both the General Electrical technical personnel and

the cognizant management people have read and studied the
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subject specification very cqrefully. Each subscribes
to what we believe to be the intent of the specification,
the assurance of aerospace cell reliabalaty.

"General Electric's battery business section recog-
nizes the desirabilaty of specifications which incurs
the production of spacecraft type nickel-cadmium cells
in a well-controlled, reproducible manufacturing process.
We see this as the goal of the interim specification.
“"However, we are concerned about the means proposed
an the specificatlon-to ;qsure repeatability. First,
we are concerned about the nuﬁerous tests to be made
with no limits. We interpret this to mean that a later

date the same test 1s to beimade on another lot of cells
and the results ;re expected to!f;li within the same
general area. This method of specification has the
drawback of exposing a2 vendor's complete processes and
process controls to the publaic.

"We believe this type of data, relative to our
manufacturing process, to be proprietary information and
will be forced to take exception to such a requirement.

"Using this particular specification would increase
the procurement lead time for cells and add materially
to the cost. The General Electric's battery business

section has procedure in place aimed at achievaing high

reliability and repeatabilaty. It 1is a well-documented
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and controlled process, incorporating a system which we
call an indentur&l parts and process list.

"This list 1s tied to a specific catalog number unit
which 1in turn is tied to a specific customer specifica-
tion and/or requirement. Each step in our process elther
has been wratten up or 1s being written up and the controls
and method of testing, to assure proper processing are
in writing. The contents of these documents are deemed
proprietary; hence they are not sent out cof the plant.
However, they are available for the customer's examination
at this location.

"The indentured parts and process list can be
supplied to the customer on request. This list covers
all the process documents, the number of the document,
the number of the process control document, along with
the date of issue and the particular revision number
pertinent to this cell.

"With this system of documentation, in fact, we
believe we are well on our way to meeting NASA require-
ments. Although we are well on the way there, there is
mach work yet to bé done. We would like to meet with
NASA qudard and discuss a program aimed at refining the
documentation, making the system adaptable to any vendor's
process without creating a need to divulge proprietary

information.”




wel 60

10
n
12
13
14
15
16
17
18
19
20
21
22
23
24

Ace - Federal Reporters, inc

25

326

The third comment I have is from the SAFT Company,

who 15 tied of course, as you probably know, to both Guiton

and the G.E. process, General comments:

"In addition to comments concerning specific para-
graphs of this specification, we would like to offer the
following general observations.

"SAFT believes the specification to be a significant
achievement i1in the development of detailed processes
and control requirements for the manufacture of nickel-
cadmium cells for space applications.

"However, we question whether all the measurements,
tests and controls which are included are required during
the production of guantities of cells. It appears to
us that all of the imposed requirements do not have the
same 1mportance with respect to the quality of the final
product.

"Therefore, we suggest that this specification in
1ts totalaity be ainitially utilized to gualify a process
and 1ts resulting products, to determine critical controls
and measurements and define acceptable limits.

"Then, a second specification could be written
applicable to the production quantities, which incorpor-
ates only those controls found to be critical to achieve
the required performance and reliability. It would be

unnecessary, for example, to determine the spectrum of
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porosity on as many samples of the spairal 1f 1t were
found that thas parameter varies very little, or has a
small effect on the c¢ell's characteraistics.

"The above recommendation 1is praimarily based upon ;
our estimate of the cost to manufacture cells, utilizing
all of the controls outlined in this specification. The
installation of the equipment and procedures for pro-
duction gquantities would require a considerable invest-
ment, difficult to calculate at this time, which would -
have to be amortized lﬁhthe price of the cells.

"We estimate £hat to conform to all the requirements
of this specification in p;oductlon would increase the
price oflthe.cells 6 to 10 times the present prace for
space cells.

"2. Tt is our opinion that i1t i1s impossible to
meet the specification without permitting the sorting
of materials and components at var:ious points within
the manufacturing cycle, For example, the basic materials
such as the substrate bands, nickel, cellulose bander,
and separator, have characteristic¢s which vary according
to lots.

¥In addition, the sintering and impregnation
processes have not been entirely mastered, and the
characteristics of these products are dispersed. With

present technology 1t 1s possible to obtain satisfactory
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average values, but not possible to reduce dispersions.
Am improved process control would definitely improve the
products, but again would not diminish the dispersions
within the limits outlined in thas specifircation.

"Therefore, we recommend that at various steps of
the manufacture, prior to taking samples for test and
analvses, the components be sorted. This sorting would
thus produce the 'lot' whaich would continue through the
manufacturing cycle. The samples taken from the lot
would then be tested to ensuregthat the sorting waé done
correctly. This point is discussed further in our
comments on paragraph 2.4.2.

"3, Based upon the abovg remarks, we believe that
the manufacture of hlgh—rellaéillty nickel-cadmium cells
could be developed and realized in the following manner:

"Complete analysis of the manufacture of one lot,
utilizing the controls and measurements provided in the
specification. .

"Determination of the critical points of the manu-
facture and the characterastics of the components whach
have a bearing on final cell performance and reliability.

"Definition of the controls and measurement lamits
necessary in the production processes and components by
classifying the defects in categories of different

importance in order to arraive at the criteria for
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rejection.

"Application via production specification of these
controls to the production and test of component parts,
aliowing for sortaing at various points in the process.

"Assembly of the cells, utilizing a controlled
process.

"Control of testing of cell lots, using a sampling
procedure without any sorting being conducted. Any non-
conforming lot would be rejected in its entirety.

“The approach which we are suggesting differs from

3 +
v z

the approach taken in the speCLflcat;pn, i1n that, (l{,
it allows for the sorting of compohents at various
levels of manufacture, prior to takingtsamples to deter-
mine conformity; and (2), 1tléécreases the number of
controls utilized in production and thus decreases the

cost of the batteries without sacrificing cell performance

or reliabil:ity."

Those are three comments from three manufacturers.

I dxd not ask specifically for any other comments. We did

ask -- and those who are attending, 1f they would like to

make comments, we certainly would accept them. I wonder
whether T.I. or the Sonotone people would want to say anything
at this particular point? I didn't give them any warning, so

they might feel -- and Eagle-Picher -- pardon me.

CARR: Carr, of Eagle-Picher. That was almost like
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1 a commercial.
2 I really think that our feelings toward the specifi-
3 cation have been presented here in the:rdiscussion. I do
4l want to say that we're here to support it, and we want to
5 help in any way we can to arrive at a higher reliability
) hattery.
7 BELOVE: Belove, Sonotone. My comments -- like
gl we've made several comments during the course of the two
9 days, and our feeling 1is that the product 1s important enough
10| to warrant putting additional effort in,
11 However, as we said before, 1f 1t's half an effort,

12| we might as well leave it as it is and do the best we can

13] under the present conditions.

14 On the other hand, as I'mentioned i1n a letter to

15 WYASA, we at Sonotone would be happy to work with them in

16| promoting the state of the art of nickel-cadmium batteries

171 for space work, because we firmly believe that this will

18| benefit not only NASA, we as citizens, but we as manufacturers
19 of a product, of the nickel-cadmium battery.

20 HALPERT: At this point, if there are any general

21l comments from anyone regarding the subject of how we would

22 intend to reach these goals that we've discussed in these

23| specifications, and the problems to be encountered in doing

24| S© —~

Ace - Federal Reporters, Inc
rat rep 25 (No response.)
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It has been suggested that we open up this dis-
cussion again to the problem of making a ratio measurement --
a negative to positive measurement, and I wonder whether
anybody would care to start off the discussion again along
this line.

FORD: I'd be glad to open the discussion. In regard
to this ratio, I'd like to make a general comment; that an
the past three months, from two different sources, failure
analysis has indicated that the capacity of the negative
electrodes after long extended tests 1s essentially the
capacity that is attained from the positive electrodes.

I can specifically refer you to a report that came
out of Battelle, Dr. McCallum is probably aware of the one
I'm referring to, and also recent'failure analysis that came
from Crane.

I will also indicate two manufacturers' cells were
involved here. And I at thas point firmly believe that most
of the cells that we have cycled at Crane in long term test
programs ultimately become negative-limited.

The fact that the negative capacity does fade, and
the extent of fading, 1s a function of the environment and
the condition the cell 1s subjected to.

So the technical justification for a minimum ratio
15 certainly within our grasp today. The exact number for each

manufacturer may also vary. But at this point, I thaink a ratio




wal 66

10
1

12
13
14
15
16
17
18
19
20
21

22
23
24

Ace — Federal Reportets, Inc

25

§ sF 17 332

of 1.5 1n most of our applications that we have in mind for
the next 2 to 5 years, and even in the 10-year program, is
certainly going to have to be held up.

GROSS: Gross, Boeing. Your remarks must be
interpreted to mean then, that the problem i1s not one of
determining the ratio; but the problem i1s one of developing
a bettaer negative electrode., This 1s where the muscle 1s

needed.

FORD: That would be a solution, but we have to
1ive with what we ha;e today. In order to live with that,
we have to start out with a minimum amount of excess negative
capacity 1n a cell to get a certain cycle capabilaty.

One other addition I'd like to refer to, 1s the
work that one of the manufacturers;here today has been doing
for NASA Goddard over the past year. And the need for an
adequate excess negative versus cycle conditions has clearly
been demonstrated in this contract, on which the final report
should be coming out shortly.

I think the technology 1s here, and the information
we need to look at these numbers is currently available to us.
And to me, this minimum ratio of 1.5 for long-term capability,
particularly at temperatures above 160 degrees F is real. '

RAMPEL: Rampel, with General Electric. The ratio
of 1.5 minimum that you're referring to, Floyd, i1s I take 1t,

effective negative/positive ratio as measured in that test in
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paragraph 10, and not necessarily the actual rated negative/
positive ratio that you might find on -~ during electrochemical
cleaning?

FORD: Yes, I'm referring to the electrical capacity.

RAMPEL: The effective negative to positive ratio;
during electrochemical cleaning 1t would be expected to be
much higher. Because later on, when vou do it 1in section 10,
as Dr. Scott pointed out before, the cycling history, whatever
it might have been, would have generated inactive cadmium,

which would not be measured during the test in paragraph 10,
where you're measériné thesi.s. 5 "’ '

FORD- Well, I thank 1f you'll look at the steps
where Fhe samples are takepﬂ that re%ulrement applies té a
flnlshéd cell that is to be dellvqréé to the user.

RAMPEL: Okay, so that is effective negative to
positive ratio, and actually you would have to go in at a
much higher ratio on the raw plague -- plates, 1s what I'm
trying to make understood.

GROSS: Gross, Boeing. I would certainly hate to
see the manufacturers achieve this requirement by loading
their present negatives to a higher depth. There has been
work, and I believe Bell has done such work, that would point
to perhaps a lesser loading as being a better way to achieve

the end result.

It's not a simple question that can be resolved
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simply by locading a plate heavier.

SCOTT: Scott, from TRW. In that regard, I believe
if we are smart enough we should devise some way within this
testing procedure of measuring the rate of change of negatiye
capacity during cycling, and therefore,the stability of it,
and give some sort of a specification to that stability over
a number of cycles.

I don't know exactly how to do it, but I think
that's the point that you're getting at, too.

MC CALLUM: I wanted to ask about this 1.5 ratio
that Floyd just mentioned, and 1it's in paragéaph 10.0, where
1t says 1.5 minimum. Whereas this morning we were talking
in paragraph 7.4.3.(g) of 1.3.

I3

FORD: There 1s still a misinterpretation to the

latter paragraph, of 1.30. If you read that paragraph very
carefully, and how it applies to the paragraph above that,
all 1t says 1s that the negatives will be discharged a
minimum of 1.3 taimes the capacity attained on the posaitive
electrodes.

That does not mean you have depleted the negative
electrode of 1ts terminal capacity. The 1dea there was to
leave precharge in the negative, but additional information
has i1ndicated that this may not necessarily be the desirable
thing at this poaint, and perhaps i1t 1s most desirable to work

with these negatives in a complete discharged condition.
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HALPERT: Is there anybody that believes that pre-

charge 1s not necessary? Does anvbody believe that pre-charge

is necessary?

(Laughter.)

BOGNER: Does anybody have any data, showing one
way or the other?

SULKES: Sulkes, U. $. Army Llectronics Command.
One gquestion 1s when we talk about ratios of 1.3, 1.4 and
so on, as Dr. Fleischer has pointed out, there 1is roughly a

20 percent loss. In our present cells, today, we're probably, ’

- i’ -

I would guess, running ratios oé l.i: 1.05 to 1 as effective,
whereas Floyd now 1s trying to take 1t all the way up to 1.5,
which may be perhaps a little birgger job than 1s actuallyk
justified.

And -- I don't know 1f there's enough data to
actually justify 1t at this time,

HALPERT: Are you talking now about Signal Corps
operation, where you do have some --

SULKES: WNo, even 1n space, where in other words
your ~- most of your cells are, what -- roughly 1.5 -- as
material put in. But when you take your 20 percent loss and
several other factors that occur -- oxidation and so on stand,
your cells that vou have tested and done these failure anal-
yses, may have actually started out with very low amounts of

cadmium in excess. And therefore, you may not be really
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justified in making as big a job as you're actually doing.

HALPERT: Any other comments with regard to this?

FORD: Yes, I1'd like to go a little bait further on
this justification, in saying that cells which have heen built
with this minimum ratio -- at least approaching this minimum
ratio, have worked satisfactorily for over a vyear. '

In addaition to this, the overcharged voltage of
these cells at 0.0 degrees C., under standard test conditions,
not necessarily the ones described i1n this spec, have remained
fairly consistent throughout the cycle life on a 90-minute
orbit which has completed almost 5500 cycles now.

So, what I'm saying is that experience 1s my only
evidence that I can tell you about,

In regard to the gentleman from JPL, we are current-
1y looking at the effect of pre-~-charge on these cells. I
think I mentioned this to you earlier. And I can tell you in
a very short period, cells that do not have any pre-charge
when they're started on cycling, show a loss of capacity.

But I have to point out, this capacity can be regained quite
readrly bv simple re-conditioning of the cell.

On the other hand, cells that are started on
cycling with a high level of pre~charge show up with high
voltage in hydrogen generation. And thas occurred within
600 cycles.

HALPERT: Floyd, on the cells that you discharged,
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were there any differences in the characteristics of the
cells 1f you didn't discharge them all the way down? In other
words, if you're not worried about capacity, you're just
going 15 to 20 percent depth, is there a significant differ-
ence?

I'ORD: The only difference you can tell, without
completely discharging the cell, 1s eventually ain the over-
charge characteristics. Cells with low level of pre-charge
plates on the negatives, do not show any significant change
in the over-charge voltage -- even at low temperatures.

To answer éour question -- no, you could not see
the loss of capacity, unless you took 1t all the way down,

HALPERT: I meant was there any other change, other
than that, due to the fact it didn't ‘have any pre-charge?

FORD: None that I could put my finger on at this
point.

SEIGER: Seiger, of Gulton Industries. I'd like to
ask a guestion. In those cells in which you fully pre-charged
the negatives, did you notice any change in the positive
capacity as well?

FORD- No, none that I would say that were signif-
1icant. The positive capacaity, following the reconditioning
cvcle on all the electrodes, were very uniform.

SEIGER: Before the reconditioning, did you notice

anything?
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FORD: On the 1initial capacity discharge, the cells
with no pre-charge showed a loss in capacity of approximately
6 to 8 ampere-hours. The cells with two different levels
of pre~-charge, one being relatively high -~ aingidentally, I'm
not saying we fully pre-charged all the cadmium, because we
in no way knew what the total amount of cadmium was 1n excess
on those cells. The cells that we put some pre-charge in,
showed a slicht reduction in positive capacity. But there
were three test samples -- zero pre-charge, four ampere-hour
pre-charge and eight ampere-hour pre-charge.

The four and eight ampere-hour pre—;harge showed
about the same reduction in capacity with the cyecling.

FLEISCHER: What was the discharge rate in those?

FORD: The cells were being cycled at 25 percent
depth.

FLEISCHER: No, but the rate?

FORD: C/2.

GROSS: Gross, Boeing. I would like to ask the
question, has anybody had unfavorable experience with cells
with high negative/positive ratios? Ford has indicated bad
experiences with cells with low negative ratios and has cited
an example of a case where a cell of high negative ratios was
good.

If there are examples where cells have had high

negative/positive ratios which didn't behave well, then this
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would be important to know.

RUBIN: Rubain, T.I. To answer your question, Sid,
first of all, you can't just talk about high negative to
positive ratios, p2r se, You have to discuss, in addition
to that, the loading level of the plates which includes the
porosity, pore size distraibution and thickness of the plate.

In certa}n application, one nas to maintain a very
high negative to positive ratio. And this 1s done most
effectively by loading the positive plate less than you would
normally do. If one maintains the loading levels that you
normally -- and I put that i1in quotes -- use in ;pace applica-
tions, that loading level, if you increase the neg;tlvegto ;
positive ratio by increasing the negative plate loading, per
unit volume or per unit area, then:%eshave experienced high
pressures and a substantial amount of fading in a very short
period of time.

I don't have the specific data in front of me, so
I can't really comment on how short a period of time 1t was --
on the order of 20 cycles.

HALPERT: Do yvou have a comment about that?

RUBIN: One additional comment. You wall find, I
believe, in the power sources conference, a paper presented
by Dr. Yost and Dr.Pulpet of Texas Instruments, where they

describe some of the effects of heavily loaded negative plates.

CARR: Carr, of Eagle-Picher. In answer to Sid's
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guestion, the batteries which we have used in orbiting space-
craft, or that we have furnished for these vehicles, have a
relatively high negative to positive capacity ratio, and 1t
is our experience that we get guite good results. And in
addition, there were tests run which Dr. Fleischer mentioned
earlier -- the four different manufacturers -- and our cells
were particularly strong in the deep depths of discharge.

HALPEPT: Are there other comments about negative
to positive ratios, pre-charge, overcharge?

Well, is there anything that anybody would like to
present at this time? 1In a way, we've kind of talked ourselves

Ll 1

out today, but I want to give anybody who wants the last word,
the last word.

STEMMLE: Stemmle from Goddard. Floyd's presentation
of the problem leading up to thé negative to positive ratio
reminded me of another problem I heard about, a problem which
developed with life of a cell; namely, that they appeared to
dry out. And I just checked back on the electrolyte section,
and I was wondering 1f we ought to give some consideration to
the optimum amount of electrolyte to optimize cell life.

HALPERT: Do you have any comment regarding electro-
lvte, and quantity of electrolvte?

CORBETT: Corbett, from Lockheed. Yes. I'd like
to endorse Mr. Stemmle's remark -- I'm thinking back, and I'm

kind of surprised we ignored thzat whole 1ssue, because 1f
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anything is important to the overcharge voltage, it's the
quantity of electrolyte. And 1t's also the size and the
permeability and so forth of the sepﬁrator, and the way at
happens to wed out with the electrolytes. So I think that's
the most important thing, perhaps -- next to the positive
ratio -- next to the negative/positive capacity ratio problem.

HALPERT: I think it's one of the areas we certainly
want to look at, but we'd like to find out some numbers that
we could put into the spec, We'd like to measure how much
we will put in there, and how much?really goes in and 1is
utilrzed, and how much 1s there later on.

But I think that's part of the -- not a part of the

-

specification -- we'd like to be able; to put a number into

]

‘the specification. We certainly would like to measure what

would go in and come out.

Any other comments? Dr. McCallum?

MC CALLUM: I would like to make a little commercial
here on behalf of the Columbus Section of the Electrochemical
Society. Next February 1t is sponsoring a two-day symposium
on battery separators. John Lander of the Aixr Force now, 18
putting the program together. Dr. Reed has a few copies of
the program, and I wanted to make sure you're all invaited and
knew about this.

HALPERT: I have registration sheets here. Are

there any other comments or guestions?
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FLEISCHER: Jim, will you say what kind of separator
this drying out referred to?

STEMMLE: As far as I know; 1t was a standard line
nicad cell, so I suppose it's a Pelon separator.

GROSS: One more question. Gross, Boelng.

I would like to invaite comments on the subject of
the nickel-plated substrates. The specification prefers that
the substrate be pure nickel. I would like to know what in-
formation 1s available about the harmful effects of the steel.

HALPERT : Weli, some reading I had was th;t iron
does becone ; contaminant in cells, and at one time ~- and
this 1s quite a long time ago in some of this earlier work,

I think there was a comment as to iron causing ferrites -- ;

o
that 1s, the contaminant of i1ron 'causing ferrites in the cell,
which had some harmful effect.

Now, how that relates to the present situation, I'm
not quite really sure, but just the fact that 1t did have an
effect i1n those days 1s one that we might want to consider for
now.

In terms of the nickel actual adherence, 1n some
of the photos that we've taken -- metallurgical photos that
we've taken of the nickel screen, nickel-plated steel and pure
nickel sheet, we found good adherence of the nickel particles

to those materials. So, in terms of that kind of adherence,

T wonld say that particle growth i1s adequate. In terms of
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what actual problems the i1ron does cause, that is, at the
moment, still a guestion mark, outside of that one comment.

FLEISCHER: If you want, I}can reczll some experi-
ments that we did for Fort Monmouth, which had to do wath
the effect of iron in the positive plate. And this 1s in
sintered plate. But this 1s in the flooded condation.

I don't care to extrapolate to the starved condition,
but I'll give you a rough rundown on some of the experiments.

We added iron nitrate to the nickel nitrate for the
lmpregnation 1n various amounts, and we determined the per-
formance of these plates at various rates of discharge. And
we found at the low iron concentrations -- and I can't give )
you the range, whether 1t was one or two percent of the
nickel -- but we had a linear relationship between the loss
of capacity and the amount of iron.

Now, the thing that led me to do this work was the
fact that in those days we used all nickel-plated hardware.
We did use nickel screens. And the iron content of the
electrolyte in these cells was always 0.6 of a part per
million. No matter what we did we always had 0.6 of a part per
million.

The next step was to use all pure nickel hardware.
And now what happened, as soon as we started to cycle the
cells the iron content disappeared, and that was it. There

was never again iron over a period of something like 200 cycles
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at one cycle a day.

On the other hand, the ones that had nickel-~plated
hardware always ran at 0.6 of a part per mrllion.

We analyzed, at the end of the cycling period the
active material from these plates, which had been cycled with
nickel-plated hardware. And the iron content fell right on
a straight line for the loss in capacity for the same number
of cycles.

So apparently iron does have an effect on the nickel

electrode when you have a flooded electrolyte.

7 5 a

HALPERT: One more comment along that line. Floyd

x
1

LT

reminded me of some six ampere-hour cells that we took apart
not too long age, and I'm not exactly sure of the hlstory -
Floyd might have a better recall of that ~=- but we found sig-
nificant amounts of iron deposits on the terminal post of, I
think 1t was the posaitive electrode, but I'm not certain.
But there was significant deposits of iron.

CARR: Carr, of Eagle-Picher. Just for whatever this

information 1s worth, we ran some tests using some 1ron

material in the cells. The only real thing -- this was done
on vented cells, rather than sealed cells -- we noticed one
peculiar effect which I can't explain -- I would say I haven't

investligated 1t -—- and that i1s that after a hot stand, such
as 160 degrees, charged for four days, we saw after this, a

temporary loss of capacity which was much greater than on cells
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with pure nickel materxial in them.

This was mostly —-— there were a number of different
types of iron introduced, iron tabs, for example, instead
of nickel tabs.

SULKES: Sulkes, U. S. Army Electronics Command.

I believe the mechanism that's c¢laimed 1s that the iron lowers
the oxygen over voltage on the nickel, and therefore vour
charge efficiency should drop. And in space cells, particular-
ly, where you may have low charge rates, this could cause a
significant problem.

And I believe there's a patent somebody -- 1t was
beryllium additives or something like that -- to help against
this very problem.

THIERPELDER: Thierfelder, from G. E, I just want
to make the observation that the ce%ls on the Tiros satellaites,
the Nimbus satellites, have gone well beyond four years.

These are cells having nickel-plated steel substrates. ©So
they've gone at least four years and they're still going.

FLEISCHER: What was nickel-plated?

THEIRFELDER: The substrates.

HALPERT: Well, 1f there are no other comments at
this particular point, I would like toc thank you all for
coming to these nickel-cadmium session of the specification.

We apprecilate your coming great distances, from the west coast

and so forth, and we hope to see -- as a matter of fact, our
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panel members here, and everybody who did join in the dis-
cussion, and our migrophone helpers there on the sides ~- we
3| really needed them.

We look forward to seeing many of you tomorrow

3| on the silver-zinc and silver-cadmium section of the spec-

6| ai1fication.

7 Thank you very much.

8 (Whereupon, at 4:37 p.m., the meeting was adjourned,

?| to reconvene tomorrow, Fraiday, October 31, 1969.)

10
1

12

13
14
15
16
17
18
19
20
21

22
23
24

Ace — Fedetal Reportars, Inc

25




RIM ]
CR 0487

rms 1

i0

1
12
13
14
15
16
17
18
19
20
21
22

P 23]
24

ace ~ Federal Reparters, Inc

25

347

NATIONAL AERRCNAUTICS AND SPACE ADMINISTRATPION

Goddard Space Flight Center

TECHNICAL/SCIENTIFIC MEFRTING
on

SPACE BATTERY SPECIFICATIONS

Building Number 3
coddard Space Flight Center
Greenbelt, Maryland

Friday, 31 Octobexr 1969




rms 2 ]

10
11
12
13
14
15
16
17
18
19
20
21
22
' 23
24

re —Federal Reporters, Inc

25

348

PROCEEDINGS

HALPERT: I want to welcomeyou all here this
morning teo the third session. I want to make a couple of
announcements here, if I may. Anvyone who has not signed
this sheet with the proper address, please do so to make
sure yvou cget a copy of the minutes of the meetings. And if
you do not have copies of the three specifications on the
zinc, the silver and the silver cadmium, since we'll be
talking about these today, I'll be glad to make sure you
do get one.

Does everyone have copies of these?

As you see our panel of experts has dwindled.

I will turn the meeting over to Tom IHennigan.

HENNIGAN: First we would like to cover the
Goddard spec for sil-cad cells which is really a combination
of Yardney specifications and Goddard specifications.
Yardney said they would not attend the meeting. They are
in agreement with the specification because it has been
used and thevy only had a few comments on it, Mostly typo-
graphical errors.

This spec has been used in part, and as we found
problems we rewrote the spec for about the last four to
five yvears, so we have a lot of the numbers for the spec
requirements. A lot of it is just_to make sure that the

process 1s under control.
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I would say before we used such a specification
we had quite a bait of difficulty in getting flight
quality cells. And now we can buy a lot of several hundred
cells for several satellite programs and maybe we get about
10 percent rejection. It's just rejectinog some because
they're a laittle bat out of capacity or their voltage
characteristics might be a little bit different than the
others, so it has worked out very well.

This specificatlon 1s for a dry cell. After
we receive the cell, we f£f1ll i1t with electrolyte, do all
the formation, sealing and fabrication of the battery.

According to the spec, Yardney is the only
supplier, and 1t says in here some place that they are the
recommended supplier.

I want to bring on Ed Colston here who will go
over the spec with you. If you hwe questions, we will try
to answerthem for you. Ed Colston of the Electro-Chemical
Power Sources.

COLSTON: There are two things that I think should
be said before we start going into this, OCne 1s thac
for these specifications we have found it is essential that
?ou work clogsely with the manufacturer,get into his plant,
be on friendly terms with him, know his process. And in

some cases we've been up there during manufacture, this

sort of thing.
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Also, 1f you are military or NASA, there is
probably a D/CAS man at the plant. You might get on
friendly terms with this gentleman too. He is a military
type QC man who stays at the plant and inspects your lot.
And 1f you talk with him and work with him and tell him
what to look for, we've generally found that they are very
helpful.

The next point is that this 1s the way we buy
the cells. We've done 1t very successfully for about the
past seven years. If yvou don't like this or think 1t 1is
unnecessary or have vour own way of buying it, that's fine
with us. This 1s not an ;t;empt to say let's all buy them
this way or this the way the industry will do 1t, because
basically so far Goddard is just about the only purchaser
of secondary spacecraft silver cadmium cells.

We would look forward to any comments or opinions
in this session -- philosophy or anythaing like that -- on
these various sections.

Now, on page one, we use these specifications for
buying three, five, ten, eleven and sixteen ampere hour
cells. We then list applicable documents. 2And then we say
a general requirement i1s that all these cells be manu-
factured in one production run. We found thais very useful.
One production run has turned out to be acceptable when a

run made a half year before that was not acceptable. A satell

 te
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using a certain production run gets into trouble, 1f we
have cells From that run, we feel that we can test them and
say something about the satellaite battery.

Unless otherwise specified,these reguirements
in here are 100 percent inspection. We're ocoing to look at
and we're going to weigh, we're going to measure every plate.

Now, this does increase costs and time. But it
seems to be worth 1t. Out of one of our lots that we aet
in we can take 20 cells usuvally, form them, and get 13 or 14
cells for spacecraft batteries.

We 've known other groups that in order to get --
what was it -- 18 ceils, they had to use a lot of 50 to
60 cells., So, by increasing the QC requirements to 100
percent inspection we have reduced the number of cells
that needed to be bought or expended.

All raight. Under components, 3.2, the first one
18 a general type statement about the stock electrolyte solu-
tion. This comes into the factory at about 45 percent
solution.,

On the next page we have the chemical require-
ments. The first one a1s left blank, the potassium hydroxide
concentration by weight because although it 1s usually 40
percent solution, this can vary if you want somethino speciral.
We just say plus or minus one percent.

Then for the potassium carbonate and the chlorade
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rms 6 ! and the ecarbonate and the iron, we have listed specificaticns.
2 Then for the silver we have listed density,
3 particle size and electrical utilization. Now, on the
4 electrical utilization I am told that thas 2.6 grams per
3 ampere hour is a very low figure, that 1t's very easy to
6 meet *his faiqure, and 1t possibly should he raised.
7 By the way, that we know of we haven't had trouble
8 with the silver powder ox the silver plates particularly.
? Now, for the cadmium oxide powder, the cadmium oxide
10 powder shall b; free flowing —-
R FLEISCHER: That's the point I wanted to ask
12 about. I have never seen free flowing cadmium oxide powder.
13 For example, you can't screen it. You have to use special
14}  Qdevicées for doing 1t. It will not pass the Hall test
15 which 1s used in powder metallurgy. I've never ;een any
16 free flowing cadmium oxide.
17 COLSTON: Well, we've had two groups of cadmium
i8 oxide powder that we've seen. One type was pourable. The

19 other type tended to clump together and stick toagether

20 as though it was damp. 7There seemed to be some sort of

21 moisture or something in 1t that was causing it te stick

22 together.

23] - FLEISCHER: Well, I've seen all kinds of cadmium
24 oxide powder because it is used directly ain the pocket type

e - Federal Reporters, Inc
25 plate. 2and it 1s not free flowing. It has to he pushed.
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and 1t will not pass the Hall test which 1s the standard
for free flowing powders. It is even worse than carbonyl
nickel powder which will also not flow. So, I was sort of

surprised when I saw that expression.

I don't know, maybe 1t has changed in the last two
years, but I've never seen any free-floving cadmium oxide
powder.

HENNIGAN: Well, it is weighed out into a cup
when the girl pours it into a mold, and it seems to flow
out of the cup evenly. As long as we dort run into a
processing problem with i1t. As we mentioned oﬁé time 1t did
start to clump on us. The girls could use it, but they had
a heck of a job making these plates.

FLEISCHER: I'm talkaing from the experience of
going through this of trying to find out how to measure
the properties of cadmium oxide for the pocket type nickel
cadmium production. And, for example, I thought at first
well this i1s a matter of very small amounts of moisture.

501 we dried them at different temperatures over a long

period of time. ©No, 1t didn't make any drfference.

I see your point that you use 1t for a special
]
thing where you can label it and spread it. I don't know
whether that would have any relationship to free flowing in

the ordinary sense of the term in which it's used in powder

‘metallurgy, we'll say, where i1t's a very important property.
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Well, maybe what vou want to do -- it shall not be clumped.

2 I mean this is what you're saying.

3 HENNIGAN: Right,

4 PLEISCHER: I would interepret this to mean that
S it can pass the Hall test within a reasonable flov.

6 HENNIGAN: But on the tegt, 1f it's ugable, the
7 girls can use 1t there. 'rhat's it.

8 COLSTON: This i1s similar to this next statement -—-—
? brownish red in color. We've been up to the -- we have

10 seen cadmium oxide that they wanted to use that was oold.
11 And we had never seen it before--~ about the color of the
12 fringe on the flag over here.

13 And we took it. We did a chemical analysis of
14 it -- no different. It seemed to work in plates and what-
15 not, but it's different. And the reason why we sav things
16 like free-flowing and specify a color 1s because we have
17 seen different cases, but this is the way it normally is
18 when we know it works. And 1f something comes in that's

19 purple with gray spots, it may be great cadmium oxide, but

20' we want them to have to call us up at least on the tele-
21 phone and ask our permission bgfore they use it.

22 HENNIGAN: Well, what we normally do in these
23 cases 1s we'll have them make us a few cells and cycle
24 them as many times as we can without holdina them up too

we —Fedetal Reportars, Inc.
25 long. 2nd this 1s a very small production with them. It's
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almost a nuisance to them, but we have to do these things.

FLEISCHER: Well, T was just callinag attention to
the term free-flowing in here which is not the normal use
of the word, because cadmium oxide is simply not free-flowing.
If you look at 1t, have electron photomicroardphs made,
which I had AS&R who supplies most of the cadmium oxide
from their Denver plant, every particle in that thaing has
a cubic shape. It's sort of a remarkably uniform product,
and 1t's very difficult to see why this stuff doesn't
flow, but it doesn't.

And then the other thing I'll sav 1s we were
never able to match colors of the drums, but this didn't
make any difference. Now, the reason for this is that the
free cadmium content -- if you analyze cadmium oxide, the
cadmium content is always greater than corresponds to CDO,
the chemical composition CDO.

Once 1n a while you find some free metallic
cadmium,but this 1s not really the source of the excess
cadmium, it's the fact the it's an oxygen deficient material,
so you just don't get the same composition i every graain,
so you have differences in color. Well, if everybody under-
stands what you mean, all right., But this is not the
normal use of this term.

HALPERT: Ed, I'd like to ask a question about

the term "electrical utilization." How 1s 1t determined




rms 10

ce - Federal Reposters,

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24

Inc

25

356

here? And is this the proper place for it? Or should it
be determined downstream further?

COLSTON: This spec 1s written such that in the
front part of it you have what we want, the in product on
each state. In the back of the speck is where according to
the form we put the tests and what-not.

Now, I think this electrical utilization says in
effect the tests will be done in accordance with standard
manufacturer procedures, so what in &fect it says is do it
the way they usually do it. I do know that they make iot
tests. They test each lot of silver as it comes in.

HALPERT: They make plates out of 1t Ffirst and
determine whether it reaches this 2.6 grams per ampere hour.
Is that 21t?

COLSTON: I don't know the exact test.

HENNIGAN: Yes, they make cells, l0-ampere-hour
cells and test them.

COLSTON: Any more comments?

{No response.)

The particle size then we list .85 microns to
not greater than 2.5. About a year and a half ago we had
some trouble, and we did notice the particle size of the
cadmium oxide used in the plates had changed. And the
manufacturer of the cadmium oxide had changed, and so we

put this in so that at least this is one more thinca that
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was used when the cells acted like they should act. 2nd
there seems to be a problem in getting suppliers of cadmium
oxide in this range.

HENNIGAN: I would like to comment on that. The
only way we can get the cadmium oxide thas way 1s the
company that makes 1t, American Smelting and Refining,
every once in a while they make a lot and they send a sample
to Yardney, they check it. If 1t's within spec, they buy
it. 1If not, they don't buy it. And they buy a lot for about
a year. That's the only way we can get it now.

CHREITZBERG: How do you check particle size?

HENNIGAN: They use a Fischer instrument. On this
type of thing it's up to the manufacturer to check it the
way he normally does. And we know he has this instrument
and he uses it.

CHREITZBERG: Do you feel the different labs
can duplicate it with the same type of instrument?

HENNIGAN: I really wouldn't know. If you want to
make a note of that, maybe we'll get to it later.

COLSTCN: He does send us out data -- the manu-
facturer ~- on his measurements of particle size.

Any further comments?

{No response.)

All right. On the cadmium oxide powder require-~

ments, table II, Yardney tells us that the last item, the lead
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should be changed tc .0l percent maximum.

GROSS: Ed4, which of these impurities have caused
you the most trouble in the past? And which should be
looked at most carefully?

COLSTON: I'd say the impurity that has caused
us the most trouble 1s in the next section in the separator,
the wetting agent. Of course, some things in here such as
the iron and what-not you wouldn't want a great deal in your
cell because they tend to poison it, but I don't think
we've noticed anythaing.

Okay, Separator ma;erials.

Under woven or hon-woven nylon. Under thickness,
the 3.0 plus or minus .1 mils under 3.2.4.1 (a) should
be for a non-woven nylon 4 to 7 mils one type, and then the

other type 1s 3 to 5 mils.

4

Under the woven nylon we are told it runs Z.é to
2.8 mils in thickness. ©Now, the wet-out time, this 1s
an item we have no standard for here, it shall be at least
80 many hours or not greater thag so many hours. The
manufacturer does measure this, and I would say the thaing
to watch out for would be 1f on these tests he got an
unusually fast wet-out time. To me this would imply a
wetting agent, something like this. I would question the

separator lot.

Genarally nylon does npt wet very well. Organic

4
3
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extractables: This 1s a test -- we give a method in the
back, things like wetting agents, lubricants shall not be
greater than -- you can change that to two percent by weight.

Now, we've had 1t pointed out to us that the sol-
vent mentioned can absorb water and possibly throw your
measurements off, burt the test in practice seems to work,
and wa'wve caught a lot that was suspicious, and we have
passed other lots.

Then the next statement, "Wetting agents. The
Separator material shall not contain any wetting agents."
Now, the reason we have two different statements, in (o)
we hope to catch a wetting agent and several other things.
In (d) -- that was put in because our chemist told me
that there are some wetting agents that a tenth of a percent
would interfere with your cell operations. And so just to
be on the safe side just say that no wetting agents will be
allowed.

Okay. Are there any comments or questions or
anything on this?

SULKES: Sulkes, Army Electronics Command.

I just want to jump bacf to the cadmium powder
reguirements. On your impurities, rather than affecting

the cell electrical performance you do have I believe

+ magnetic requirements, and do you feel that these particular

impurities should be looked at for that reason rather than
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the electrical reguirements, particularly things l:ike
nickel and iron?

COLSTON: Theoretically, ves, I think that on
the nickel and iron that you would have to have a very
significant amount, one percent probably and up, before
it starts affecting the magnetic abilitv of the cells,

And on that the cells we have ordered to these specs, by

the way, are with no current flowing. 2As measured here,

1t's less than .2 gamma at 1B inches, which is just about
the accuracy of our test range here.

HENNIGAN: This batter is essentially non-
magnetic. Yardney can't check it. They don't have the
instruments, so we haw to check the cells when we get them.
Now, if they're built according to this, we feel they'll be
nonmagnetic and pass the test.

HALPERT: Ed4d, I'd iike to ask, back in 3.2.3
where the chemical analysis is done, does the company
specify to the AS&R these chemical analyses? Do they actually
check 1t?

COLSTON: Let's see. The chemical analysis
should be probably as 1it's bought.

HALPERT: That's made to the spec.

COLSTON: Yes.

HALPERT: How about in the separitor materials,

do they check these values, that is the battery company, or
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rms 15 do they impose a restriction on the separator company?
2 COLSTON: They do check -- let's see, wet out
3 time. This spec calls for them to perform a test for
4 organic extractables. Wetting agents would be a sort of
5 thing that would be put in there, order forms from the

6 supplier.

7 COHN: Cohn, NASA Headquarters.

8 Coming back to this magnetic properties question,
9 1t seems to me I remember talking with the people from GE

10 who deliberately add iron to the cadmiunm plate, and I

11|  don't remember what the actual percentage is, but I think

12 it might go as haigh as 10 percent, and will reduce this to
13 metallic iron. BAnd yet apparently that passes the maanetic
14 test here, so I imaglne that what 18 governing here may |
15 well be the particle size rather than the amount of iron.

16 It is well known that 1f the particle size 1s below a

17 certain threshold size that the magnetic properties decrease

18 drastically, and apparently what happens is that the iron

19 1s finely enough divided ~-- or cobalt for that matter, if
20 1t 18 present, or nickel -- that the magnetic properties
21 are much less than you would expect of one bio lump.

22 COLSTON: Any further comments?

23 BOGNEF: Do you use the same separator material

24 in the silvef-cad as the ni-cad? and 1f vou do, why wouldn't

ice —Federal Reporters, Inc
25 you havethe same spec?
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HENNIGAN: This is calendered materlai. These
materials are calendered. The ni-cad materials arecalled
maximum loft, what it means is calendered on a hot roll.

SCOTT: What about the other specificatihons though
for resistavity, electrolyte retention, air permeability and
the various kinds of things that were discussed the other
day in connection with nickel cadmium cells?

COLSTON: These cells are flooded, WE assume thgt
we have no gas recombination. We don't care if a1t takes a
week, generally when we add electrolyte it wets very nicely
in about 72 hour;. If 1t took an extra day, we wouldn't mind.
S0, as far as allowing gas to pass easily thfoqu 1t ;ﬁd
how quick;y it will wet waith a flooded cell such as this,
1t doesn't seem to matter.

HENNIGAN: Let me make a comment. There's one
material we have used. You can use Pellon, the non-woven,
or the woven. The woven nylon doesn't wet at all, agd it
works fine in the cell. I mean it won't wick(?), that's a
term for notwetting.

CHREITZBERG: Chrexvtzberqg, ASB.

I'd like to ask a question. In the thickness,
especially in the dry thickness, can you specify the
pressure in psi that 1s used by the measuring instrument.

In paragraph 4 I believe you mention a Cady gage, is thas

one psi pressure? This is not cratical fo the woven
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materials, but i1t will affect the results tremendously for

the non-woven materials.

HENSIGAN: It is probably a good point. We should
specify the weight of these.

COLSTON: Further comments?

(No response.)

All right. Should we go on to silver treated
cellophane?

Now, since this is the way Yardney manufactures
the cells, we have 1t like this. But as to whether silver
treated cellophane 1s an improvement over straight cello-
phane seems when you ask the manufacturer to depend on
whether they use 1t in their product or not. But since
Yardney has 1t in their product we have a specification on
it.

We have dry thickness, moisture content, resistance.
That resistance shouldn't .014 ohms per sguare inche¢ It
should be .014 cohms inch sqguare.

Then silver content. Wet thickness, we do have
some results there. I don't know 1f yvou are familiar waith
a device developed by Mr. Hennigan here for measuring the
swelling of a!separator. Basically it is a rubber bladder
sort of thing inside a frame. You put your separator in
it. You have a caliper head against the side. VYou take a

measurement, take a reading. Then vou add electrolyte,
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allow the cellophane:to swell. The bladder expands. Then
take another reading with your caliper head, and you caet
your increase in your swelling of the geparator.

Generally these separators triple their width
roughly upon addition of KOH.

Visual inspection -- I think these are obvious.
This is an inspection which 1s performed.

Any comments on this area? Dr. Fleischer?

FLEISCHER: C-19 is a proprietary material. Aand
the only way vou can get any ldea of whether you can make
1t —- I mean we're‘talklng suppose I want to make 1t -~ I'd
have to go to the patent.

And I'm positive from having read that patent
that I wouldn't be able to make 1t. So, now what do we do.
This is a general thing. We've specified something that 1is
a secret for which there's no clearcut way of knowing how
to make it. And you put that in here. This sort of negates
the whole specification.

COLSTON: No. This specifica%ton, as I've said
before, is written directly at Yardney. It can be modifired
for other suppliers. By the way, I have bought silver
cadmium cells from other cell suppliers with the 51lvér
treated cellophane.

FPLEISCHER: Well, there 1s another patent. That's

why I brought it up. They use a sodium borohydride reduction.

¥
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And'it's spelled out guite clearly. Well, I think then you
w1ll have to put 1n a statement here that where it refers

to a thing like that that you will accept a substitute which
has been gualified.

COLSTON: If I was using this specification to
order silver cadmium cells from another manufacturer, I
would have to drop certain areas and rewrite them, Yes,
definitely.

FREISHER: Well, I think under the circumstances
I would say so in the specification.

RYDER: I agree with that, with Dr. Fleaischer., I
am very confused. Maybe I don't understand the intention
of this., 1Is it to review a proprietary Yardney specification
period? Is that the intention? Or is it to attempt, as
Dr. Fleischer has indicated, to work out where compatible
wlith your objectives a specification which will not be a
Yardney specification but which will truly he a Goddard
specirfication which might possibly be capable of beinag met
by people other than a propraietary source. I thaink this goes
to the key question of the whole discussaion.

COLSTON: This document -- we do buy silver
cadmium cells from many manufacturers for evaluation. At
the present time, based on history, experience, characteris-
tics, the only manufacturer we fly is Yardney. This may

change 1n the future.
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On buying our evaluation cells for evaluation, to
look at them, send them out to Crane to test them, we will
change thais. The intent of this document was to assemble
all the various specification we use for having spacecraft
quality flight cells, silver cadmium cells, manufactured for
space flight use.

Now, this silver treated cellophane business 1%
in here. It is the data and what-not from the Yardney
type of process. We go to a manufacturer and we want to
buy some silver cadmium cells and they don't use silver
treated cellophane, we drop 1t. If they get it in there a
different way, we'll look at some of our data. We'll put in
some ~- personally I'd leave the wvisual inspection in there,.
I sti1ll wouldn't like tears, fingerprints or scratches in at.
But we would use this for their -~ we would modify this
for their process. But basically this is written for
space flight use for space cells.

When we get two manufacturers or three manufacturer
of this type of cell, yes, this will have to be modified.

FLEISCHER: I think you can get around the
objection by taking out the words "C-19." You have silver
treated cellophane{C~19). So, 1f you take out the word
"C-19," then what you're telling me 1s 1f I build a battery
with silver treated cellophane which meets this requirement,

I can pass the test,.

S
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COLSTON : No, you can pass this section.

FLEISCHER: Yes, but I can't if you call 1t C-19.

COLSTON: Okay. All right. I think that's valid.

SEIGER+ Seiger, Gulton Industries,.

I think similar considerations would have to be
given elsewhere, for ainstance, you spell out the cadmium
oxide powder. There are other ways of makinag negative electro
You can start with cadmaum hydroxide as well.

COLSTONM: Purther comments?

(No response.) r

* ¥ “

2ll raight, The cell cases and covers.

We have a visual inspection and them some
dimensions. The dimensions are.not given, just the tolerances
The dimensions will be dependent on the case design and
the cell size.

Comments?

READ: Read from General Electric.

Wouldn't some sort of a material definition be
appropriate in there?: .

COLSTON: We have a statement to the effect of --
let's see what 1s it -- Bakalyte(?) or equivalent, C-1l.

READ: Okay. Thank you.

COLSTON: Then we have an internal pressure test.

We have the operator guess at what the burst pressure 1is.

He applies half of this pressure for five minutes and looks

de




s 22

10
il

12

13

14
15
1q
17
18
19
20
21

22
23
24

| \ce ~ Faderal Reporters, Inc

25

369

for evidence of leakaing or cracking, and then after the
five-minute period he raises the pressure of the cell
caseuntil it does burst and records the data. Now, this,
of course, cannot be performed 100 percent, This is a
sample sort of thing, |

Any questions or comments?

Grids. All grids shall be expanded metal number
one mesh, Now, this is optional. This is a design criteria.
I personally feel that you could improve the hiah rate
characteristics of this cell by having a finer arid on the
cadmium plate. ‘ 1

Usually, though, these cells come with a one
grid or a one zero. Then we say we want it 99.9 percent
pure silver.

Comments, questiong?

(No response.)

All right. Miscellaneous components. And this
is what has bheen des;rlbed as a motherhood statement, Bas-
ically we don't want anything to be susceptible to KOH
corrosiony,andi'we also want everything to be non-magnetic.
And here again to show that it 1s non-magnetic they would
probably have to send samples here, and we'll run tests on
them out at the magnetic test range.

Comments or guestions?

FLEISCHER: I want to go back to the silver content.
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That's paragraph 3.2.6.2. There is a federal specification
or a military spec, and I've forgotten which one. I thlnk
1t's the military. It is for silver. Why not use 1t?

I mean specify the silver to be something for which there
has been written a government specification? I just don't
remember the number right this moment, but there i1s one.

RICHARDSON: Richardson, Marshall.

What is the specific criteria for being non~
magnetic. In your application do you require your batteries
to be non-magnetic., Is this the reason?

COLSTCN: Yes. This is one of the main reasons
for using silver cadmium cells. you have a small scientific
satellite such as built here at Goddard. They've got a
magnetometer or something on board, an instrument that
would be affected by the magnetic characteristics of the
battery, soc you build a non-magnetic battery.

RICHARDSON: If we were to consider usina thse
maybe in a reusable space booster or something like this,
this would not be a criteria which would affect us.

COLSTON: No

UCHIYAMA: Uchiyama, JPL.

Can I assume the statement of non-magnetic to
mean really magnetic stability rather than non-magnetic?

HENNIGAN: These can't be permed(?} up. They

put them in a rather strong field, and they still will not
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pick up any magnetic property. 2nd they're stable in the
earth orbit, going through the magnetic field and so forth.

COLSTON: And It's not absolutely non-magnetic
either. What is meant is that we would like it to be such
that we just can't measure it here.

There is another -- it hadn't occurred to me --
advantage of silver cadmium cells, They do have a relatively
short 11 fe to nickel cadmium, generally on a typical IMP
type mission we guarantee them a year, and they usually
last two, given the correct orbit.

But we do generally fly at -- considering the
total amount of watts in the battery, not the amount that
is used -—- we fly at a higher watt hours per pound than
the typical nickel cadmium battery. I think RAE, for
instance, flew, considering the +total capacity, at about
8.7 watt hours per pound.

The IMP-I battery we've got over here will fly
at about 13.8 watt hours per pound. This 1s considering the
total watts in the battery, so we've got a gain of five watt
hours per pound. Although in two years the IMP-I battery
will be dead and the RAE will probably still be working.

So, t£is is one other advantage.

GROSS: Gross, Boeing.

On dimensione I would think tht the radius<would

be an important dimension to include. The sharp internal
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radiuses will help promote cracks and sharp outside
corners make i1t difficult to install in packages.

COLSTON: There is a statement in here, asn’t
there, on the curvature of the edges.

HENNIGAN: Do you mean the case or the plate?

GROSS: The case.

COLSTON: Yes, if it is not in here, that's a good
point.

REED: Reed from BAttelle.

One more question before we go on. In all the
other specifications here f;r purity, you specify purity
except for the silver powder. I do not see a purity
requirement on the silver powder. Is that an omission, or
15 there a reason for doing thas?

COLSTON: Let's say what do we say here? There
is no specification on the silver powder.

HENNIGAN: I thought there was.

COLSTON: I would assume we imagine that it is
pure silver powder. But we don't have a table in here.

HENNIGAN: Some of the information here is some-
what proprietary to Yardney, and we couldn't put it all in.

COLSTON: Sometimes extras are thrown in. Perhaps
it would be a good idea to have a table in there and give
a certain percentage to a magic ingredient and then list

some possible impurties for the silver powder and this sort
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of thing. Althought the trouble we have had so far has
not been with the composition of the silver plate. We've
had trouble with the cadmium plate, but not with the silver,
CHREITZBERG: Chreitzberyg, ASE,
Does this mean that the silver powder contains
palladium or lead or some other additive?
{(Laughter.)
COLSTON: Any further comments?

FLEISCHER: Both and

Englehart have standard specifications for purity of the
silver. And they grade their various powders, and I'm
sure you can get their analyses as to what their specifi-

cations are. '

I know I have them somewhere, but I just don't
carry that in my head, but you can get them from both.

HENNIGAN: I will answer your guestion, Gus,
we have used cadmium oxide mixed in with the silver powder,
which they claimed was for reversal protection, but I
don't think it did that much, plus we balance the cells
80 well that we're pretty sure that we aren't going to
reverse,

COLSTON: Yes, I think there shounld be something
in there on the silver plate.

0h, on the dimensions of the cell case, one

thing that we as a user do usually, when we do start getting
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data on the cell, we add up the total thicknesses of

the number of silver plates in 1it, the total thicknesses

of the number of cadmium plates in 1t, add in all the
various nylon separators, take the total thickness of all
the layers of cellophane, multiply 1t by three -—- that
would be roughly i1ts expanded thickness -- add up all these

widths and make sure it's less than the internal width of

the case.

We have had a problem with too much material in
too narrow a case. This 1s a little check we do.

BOGNER: Do vou have a draft on ;he case, or
do you measure it at the narrowest spot or how?

COLSTON: These are the design dimensions of the
case. We get this data.

BOGNER: I mean you have a draft angle on the
case. It's not a perfectly symmetrical case?

COLSTON: Yes. It is probably what -- halfway
down?

HENMIGAN: Thas 1s the average dimension at the
center,

COLSTON: Which would be halfway down. We found
out it's pretty difficult to make a case without a draft.
We have one with minimum draft now.

FLEISCHER: The cases actually don't have much

draft inside. I think for the size you're usinag here 1t
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would be about 1/1000th of an inch.

HENNIGAN: No, it is more than that. I would say
It is aqound 7 or 8 thousandths. On a case about three and
a half inches high.

FLEISCHER: Well, the Nike missile case doesn't
have that much draft.

SULKES: These typical cases run about 8 mals
per inch. If you get down to 2, vou're doing pretty good.

HENNIGAN: We have been developing a case that
has essentlallé no draft. Bob Steinhauver, what 1s the

T - 2

draft on those cases?

STEINHAUER: Two-~tenths of a degree compared to

a practice of about five-tenths to one

degree per wall. This is about compatible with what
Art Sulkes mentions. Is that mils per running inch?

SULKES: Yes.

RYDER: I asked if 1t was C-11.

SULKES: I said that it could be C-11. It could
be ABS or other material of that type. It doesn't seem
to matter too much.

CHREITZBERG: Would it not be well to specify
the pressure and psi that you want to have exerted on the
cell pack when 1t is 1n the jar. You get close to it in
3.2.4 where you specirfy the wet thickness of separator

cellophane being four pounds per square inch. Isn't this
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really what you're trying to achieve by the summation

of the thickness of all components?

COLSTON: There's very little pressure as such,
because we're trying to get the total swollen thickness

of everything after you add the electrolyte still to be less

than the internal widtn of this cell case.

HENNIGAN: It's pretty hard to specify internal
pressure here 1f you've got a taper and then vou've qot a

U-fold that's bunching up in the bottom. Do vou do this?

CEREITZBERG: We domt, but we find it 1s eritical.

COLSTON: Comments?

VOICE: We better move along faster.

COLSTON: Okay. Flexible parts. Solder and

fluxes. Terminals. Cements. This Plexiglas Cement 1s for

1f vou have the manufacturer seal the header to the case.

Pressure gages, if ordered on the cells. Then we come to

subunit assembly.

Cadmium oxide mix. ‘Then we have cadmium oxide,

sllver powder and PVA percentages. Here adgain, a different

manufacturer that has a different recipe, thesewould be

changed.

Electrode mix weight. And then we have percentages.
Dimensions. Visual inspection. Then the electrode

weighings. We have every plate weighed and recorded. And

we are sent the data on every plate that goes into our cells.
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We are even sent the data on the rejects that didn't ago
into our cells.

And, by the way, this is another check. There's
navally a -- for a typical process there's a certain per-
centage of rejects of cadmium plates, certain percentadge
of rejects of silver plates. The cadmium usually 1s almost
twice the reject rate of the silver plate. DBut 1f the
manufacturer 1s running along at a certian percentage
rejects and you're getting the data. Then on another run
the percentage rejects is up or down, say, five percent,
personally, I would go and find out why.

SULKES: A comment. The silver powder that you
call out in the negative electrode is that required to
meet the same requirements as the positive electrode
powder? And is i1t intended to be the same powder?

COLSTON: I am not sure.

HENNIGAN: We are not sure about that.

SULKES: Actually, 1s there any requirement on it
at all?

COLSTON: All I can say 15 it 1s a good poant.

FLEISCHER: How does silver powder provide over-
charge protection? |

COLSTON: We édn't overcharce these cells. We

don't even fully charge these cells.

FLEISCHER: Didn't you make a statement that that's

H
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why it was added?

HENNIGAN: At one time we used to put cadmium
oxide into the silver electrode. There was a claim and
there is a patent that this will provide overcharge
protection. We really never thought 1t worked that way.

FLEISCHER: So this silver powder 1s —-

HENNIGAN: That's for conductance.

HALPERT: Can I make one comment? VYestercay we
talked a lot about traceability and making sure we do have
traceability and also statistical methods to make sure
that in sampling we have the proper mats({?). 2And none of
that 1s mentioned in here. I just would make the general
comment that maybe in the considera;ion of changaes vyou
might want to use the Mil specs in terms of sampling and
also make some statements with regard to traceability of the
basic materials, namely PVA, the powder, the silvers, every-
thing that's used.

COLSTON: We do have a statemgnt in thg beginning
on the standards we~call on NPC-200-3 which does have I
believe traceability requirements in it.

GREEN: Green, Martin,

I was interested ain a statement you just made
that 2f a particular order should run coreater than, say,
the average percent rejects you saw in the past or less than

the percent rejects, on what basis would you highly question
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less re-jects?

COLSTON: HEaither way. I would say that some-

thing had changed. It is entirely possible it could be

for the better, but I'd like to know what 1t was.

NIETZEL: Do vbu hawe an internal specification on

what rejection rate would then reject the whole lot?
COLSTON: No, we don't. See, thais is not a

sample basis where you can say 1f on our sampling of ten
percent we'll reject the whole lot. This 1s an individual

basis.

NIETZEL: A sorting operation.

COLSTON: Yes, and we're gethng data on the

accepted plates and the rejects.

Are there further comments or questions?

(No response.)

s

Let's see, then we have requairements for the

negative electrode dimensions. We threw in here to make

+

sure that €this manufacturer uses half plates on he ends of

the plate stack, that we had an understanding that he would
color code the lead 1n wires so that we could visually look
at the cell and say yes there are half plates on the end, and
he didn't slip anv into the middle of the stack. But we

got one opder on which 1t wasn't true, so now we've qgot to

the fact that it shall be color coded.

On the positive electrodes, herxe again, we've got
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dimensions. And 1f you will notice on all of these the
thicknesses of the plates, or the tightest(?) dimension.
And then we say basically that we will aget data on the
weight. We've got lead forging. .

There was a comment that Yardney wants the
thickness of the plate and lead at the welded joint -—-
can exceed the plate thickness by not more than .004 inches
maximum,

Adhesion. Visual inspection. Then a general

visual inspection of the plate itself. And within the

-

past year or so, we've seen another type of defect ££at
i

should be put into this visual inspection that the silver
plate shall be free of greasy fingerpraints.

Then the rolled silver strip sort of specification.
Now, this can be modified to accommodate other procedures
for making 'the silver plate. Then we have the separator
system describing the wrapping system, and it asks for five
wraps of the separator. And persorally -~- this 1s my opinion
I agree with thas, there seemg to be some sort of ---one 2-
mrl thack cellophane separator does nqt seem to stop s1lver
as well as two 1l-mil thick separators right toaether.
There seems to be something associated with the boundary
or something. So, this i1s why I do agree with the five

wraps.

Any comments?
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(No response.)

On the unit assembly, cover assembly, they have
visual inspections, terminal dimensions., Some of these
say basicdally in accordance with the contract. Cell
assembly. It describes the wrapping procedure listed
previously. We don't want excessive bends 1in the leads
and tabs.

Terminal soldering, descrihng run~-over and the
amount or how much they can play around with the cell
plates aligning the lead-in wires into the‘barrel terminadl.

Terminals shall be free of potting. The terminal
barrel tubes shall be wiped clean. It was noted that you
get an orange peel effect on top of the solder 1f you
don't wipe the barrel clean. And when you do, you don't
get it. Now whether this makes any difference I don't know,
but I like to see a very nice solder job, soldexr with a
clean surface, so this is why that article 1s in there.

Soldering heat shall not discolor the terminal,
which 1n some silver cadmium cells they put way too much
heat to 1t, and they do burn the gold platine slichtly which
1s on the terminal.

Do vou have a comment.

GROSS: Yes.

Ed, these specs suggest that the manufacturer can

choose either woven or non-woven nylon. Do vou have a
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preference? I would suggest that the buyer select either
woven or non-woven nylon. They both seem to work as well,
and there seems to be a smaller chance of getting four
wetting agent with a woven nylon. So, personally I would
get woven nylon.

GROSS: So you are usihg woven mostly?

COLSTON: Other comments?

(No response.)

Taerminal potting. This I do think is important
to have a lot of inspection on how the —- in this case
the bond master 1s applied to the wires to keep the
electrolyte away from the solder, to cover voids., It's a
girl there that's doing it, but you want to make sure that
she 1s doing it. I have seen cells -- I've been to the
plant and seen our spacecraft cells being made here and
right next to it was a lot for another area, same type of
cells, but yet just by loocking at them, looking at how the
potting was done, the qualit& of the plates, there is a
difference. And 1t is aimportant that yvou have this sort
of visual inspection. And on this terminal potting we Just
had a case of where they've got the battery on the space-
craft, and 1t's upside down.

And if there are voids and holes in that what we
call blue goo(?) potting, bondmaster, that electrolvte is

goinqg to be at the goldplating. 2And if there is a void in
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that, it 1s going to get at the brass, so there may bhe
trouble.

STEINHAUER: You said a single potting procedure,
or do you use a sequential operation, ultiple potting?

COLSTON: It is sequential. They put the plates
in the cell cases with the wires stickinc up, then the
girl comes along and arranges them and bends them, fits
the header on. They go through the whole lot. Then they
come along and cut off the wires. Then they put the solder
on, Then they come by with the bondmaster and apply it to
each one. Then they go back through the lot and look for
volds and wvisual inspection, this sort of thing, and touch-
up.

STEINIHAUER: ‘There's not a second laver of
bondmaster that goes over? It’s a sindgle pof?

COLSTON: I've only seen one layeg.

RICHARDSON: Is this the only technigque in
making terminals for a silver cadmium cell? Could you use
a comb technique like in the ni-cads? A mechanical seal
Joint or something?

COLSTON: Yes.

RICHARDSON: But this is the particular technique
that Yardney uses, is that what you're sayvinag?

COLSTON: This is the way they do 1t. There are

other potting methods in the way you arrange the wires.
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And there is a comb. I have seen a comb on it.

RICHARDSON: These are non-~vented cells; i1s that
correct?

COLSTON: These are completely sealed cells in
operation.

RICHARDSON: What type of material pressures are
generated? Have you observed?

COLSTON: If it 1s a plastic case, you can't stand
much pressure. Generally on the tests I've seen with the
pressure cages and what-not we operate i1n a partial vacuum.

RICHARDSON: Most of che ;lme?

COLSTON: Yes. We run it so that vou cet the
gassing, say, in the last 10 percent of charge. These
cellsare nice in that the voltage rises toward the last
part of charge. 5o, we can set a voltage limit, stop the
cell before 1t 1s completely charged. We generally charge
up to say about 150, 151 wolts per cell. When it reaches
that limit, the current tapers down to a level of about
100 milliamps, then we go to open circuit voltage, in which
in effect no current 1s taken from the cell or given to
the cell,.

RICHARDSON: For a general spec you might want
to consider modifying that area on the terminals fabrication
and sealing technique.

COLSTON: Yes, for a different manufacturer they
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would probably have a different terminal desian.

READ: Read from General Electric.

I think this potting is a fairly critical area
that perhaps might deserve more attention as to mentioning
the materials that you actually use and the mixes that yvou
use and this type of thang.

COLSTON: You mean within the cell around the
lead-in wires?

READ: Yes, right here. This paragraph 3.4.2.5
it seems pretty general. ?hls was the area that I thought
perhaps could be strengthened by mateélal specrficitions
and mixes.

COLSTON: It 1s a bondmaster mixture. that they
use, but it is not mentioned here.

Questions? Comments?

{(No response.)

All right. Internal resistance measurement.

We have a diagram for that on the back. This is to check
for gross shorts,

Assembled cell dimensions and cell weight. And
we also reweigh the cells when they come into Goddard.

SCOTT: 1Is there any point in leak testing? If
so, I don't see any provisions or specs for leakage.

COLSTON: These cells, as delivered to Goddard,

the header has a hole in 1t that's not sealed. And the header
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is not sealed to the case. BAnd there's no electrolyte in

the case.

HENNIGAN: There is a hundred percent leak check
of the terminals.

SCOTT: All right. So, I guess the point i1s that
this 1s strictly for use by the cell vendor when the cells
are purchased in the dryv condition.

COLSTON: Yes.

SCOTT: You have some internal leak limits then
that you work to for vour own final -- before you put the
thing into the spac;craft?

COLETON: Yes, he puts 1t in water.

HENNIGAN: We check them underwater, but don't
forget that these cells are potted also.

+ COLSTON: After we assemble the battery, within
the battery case there is a layer of potting.

HENNIGAN: There's no helium leak check. Let me
put it _that way.

GROSS: Gross, Boeing.

The cell specification then carries the process
up to the point of putting the inaredients in the cell
but not sealing it and adding electrolyte. Would 1t not
also be useful to add to the specification the steps from

then on that are done at Goddard, even though the specirfii-

cation 1s not required by the manufacturer, these are steps
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that you do that would be guite useful to he included in
the spec,

COLSTON: Personally I don't want it included,
but we have agreed on the need for coming out with a
document, although we've given people handouts and what-not -+
coming out with a document describing what happens between
the time these cells arrive at Goddard and we assemble the
spacecraft battery from them. But personally I don't think
they should be in the specs. Tlt 1s a process that we do
like to do ourselves.

RICHARDSON: Richardson, Marshall.

With the one hole -- do you know if the vendor
runs a pressure check on the cell after he has put has
cell cover on and sealed it? You know, you twe the one
hole available. Do you know if he just runs a pressure check.
on a cell to check out the seal. In other words, run maybe
five or six pounds and watch for the pressure drop-off to
check for lea?aqe.

COLSTON: 'This would be on other people's
batteries, or cells.

HENNIGANM: He will do that. That can be done.

RICHARDSON: Are they doing it on your cells?

HENNIGAN+ They can't because these cells are not
sealed. The cover 1s not sealed to the case.

RICHARDSON: Okay. Then do you do it here at
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Goddard after you seal the cover?
COLSTON: No, generally not.

HENNIGAN: We 4just check them underwater to see

if we see any bubbles coming up. But these cells are potted

and totally encapsulated.
RICHARDSON: Yes, I realize that. We have had

some sllver zincs that have leaked even though they were

potted, so just because the top ais potted -- 1n other words,

you can get KOH and you run into a shorting problem, 1f
the KOH leaks out on top of the cell. You can get shorts
to the case. Shorts to terminals, and so on and so forth.

COLSTON: These cells are potted all the wav
around, and visual inspection 1is possible.

FLEISCHER: I will make one comment. I think
testing of these cells should be very easy. For example,
every Edison cell that was ever made -~ and they vere not
sealed cells, they were vented cells -~ was put underwater
and tested at 50 pounds alr pressure underwater to make
sure that all the wélds were sealed and that there was
no leak in the cans.

So, it's very simple to do this, and it should
be done.

GREEN : (Martin, Denver.) Just a quickie before

the break.

I am listening here to this specification, and i1t

2
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appears to me under vour statement that you did not want
to include Marshall's pfbcesses, that 1f a contract
should come out and the decisioa by the project office
should be that the contractor shall buy and procure and
furnish a battery with the unit that then he would not
hare a specification uniform as we're striving for unless
he wrote 1t such that it would satisfy the requirements of
Marshall for the consistency thereafter.

And 1f the purpose of this is to develop a
unrform specification to assure quality products, we would
lare to have this other information so ihat Qe could buy a
completed battery from a vendor. Is this not true?

COLSTON: VYes.

Let's take a break here.

(Recess.)

COLSTON: Okay, I'm told that we have to go a
laittle bit faster. One comment I'd like to put 1n here.
One reason why we get them dry -- when we get them dry,
wve can form them and fill them -- £ill them and form them
ourselves, take all the time, do triple inspection, do 1t
very carefully and precisely. And also we've found that in
getting them dry we can store them for up to five vears and
then fly with them, have a flidght battery.

If we got them already formed and sealed and

ewvthing else, we'd probablv have about a six to eight month
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limit about when we'd have to assemble a flicht batterv.

All right. We were on what -- cell ssembly,
3.4.2.

Then 1t gives a visual inspection procedure to
make sure that thesy assemble the cell as per specifications.
We have a maximum limit on the leads and tabs tlek the
bin shall not exceed 75 degrees.

Terminal soldering. You have terminal potting.

We've been through this. Polarity marking. Internal

resistance. Cell weight.

Then responsibility for inspection. We use the
supplier's QC people plus the D/CAS man, plus we have been
to the plant during manufacture and talked with them and
inspected them ourselves.

Then on the components, for the KOH we say
basically that the stock solution be inspected in accordance
to the' manufacturer's procedures. We do like the components
to be marked such that they can be identified for NASA
Goddard or for space flight use. 2and so that they're
traceable.

On the electrolyte then, we have mixina. We
have sampling in which he does do the chemical analysas.
Then we have a paragraph labelled markina., Here again we
try to get it identified for NASA Goddard contract number

for space flight use to try to keep these components separate
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from the general production silver cadmium cells. Then
filling, bottle storage, packaging. &aAnd then we have
silver powder. Now, here's your paragraph on electrical
utirlization. One plate from each of five cells in a
production lot shall be tested at a charge rate of C/20
in a 40 percent KOH electrolyte.

Then basically on acceptance tests it says
do 1t the way they've been doing it but send us the
results. And then more data on marking, on the sailver
powder containers.

And on the cadmium oxide powder, the same sort

3
e =
3 ir

-

of marking, accéptance tests and sampllgg.

On the separator material we asked Fhat‘t?e manu~
facturer send us samples of the separator he proposes to use
in the cell., And we also asked that he perform the wet-
out test and send us the results.

Then we have an organic extractable test using
a methanol solvent. For the silver treated cellophane --
this would be for any cellophane -- send us samples.

SULKES: I have a question.

In regard to your bottles, you have the electro-
lyte put into indavidual hottles for each cell; is that
correct?

COLSTON: No, we usually get it in quart bottles,

in polyethylene quart bcttles.
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SULKES: I was looking under your bottle filling
in 4,2.1.2, and 1t seemed to appear to be individual
bottles. It doesn't matter then.

COLSTON: TYurther questions?

RICHARDSON: A comment. On that tah bendina of
75 degrees, can you clarify that a little bit?

COLSTON: We don't want the plates, the wires, or
the tabs o be bent excessively. The idea is perhaps under
vibration they couls snap, this sort of thing. We like to
see nice, uniform curves. We don't want to see edges where
it has heen bent too much and then straightened ont.

RICHARDSON: I was just wondering if 75 degrees
1s a good criteria. You're talking about the assembled
cell; is that right, the tabs after you put the plates
back an the cell jar? Right?

COLSTON: Right.

RICHARDSON: How do you measure it? Do yvou just
eyeball it?

COLSTON: Right. If you see something that looks
bad, then you would pull the plate stack out. Remember
these are not sealed. You could measure it.

Then for the wet thickness of the cellophane
we call for 20 samples. And then the 24~hour scak and the
thickness measurinag device which I've described previously.

Then we ask forthe data from this measurement.
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Any more comments on marking? Storage. We like
to see a humd atmosphere for the cellgphane. If it gets
too dry it tends to get brittle and hard to work with.

It cracks and this sort of thing,

Then there are a few statements on care of the
humidor-type boxes that they store 1t in.

Cell cases and covers. On the opposite page
vyou'll see a picture of the case rupture test fixture.

Here again the cases should be from the same lot.

Then next on the moldinawe ask for Bakelite
C-11l. Here in this place it doesn't say "or egquivalent,"
it should.

If machining 1s required, cases in covers will
be annealed. It calls for rejecting on sandblasting. We
like the headers sandblasted before they put the terminals
on them because it 1s easier for us. We get the cells in,
then when we are ready to use them we sandblast the rest of
the case.

Demensions and internal pressures. Internal
pressure test is a repeat of what we've given previously.
It calls for 100 percent inspection, Storage. Grads.

And then a catch-all statement on miscellaneous components.

Then on subunlt assembly. The negative electrode.
We call for a test every 50th weld. Basically what we're

calling for is to hold the plate and pull the lead, and the
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lead should not come off without tearing the grad., There
should be pieces of grid sticking to the lead when you
pull it. This 1s destructive.

In the next paragraph on mixing it calls for
EXMET. “his could be "or equivalent," [t describes how thas
particular type of cadmium oxide plate 1s made. The next
paragraph calls for labelling of the cadmium oxide mix
number. Then they call for a check on the proper electrode
dimensions, waviness, flattness, cleanliness of the molds,
and some more dimensions that are pertinent to thas type
of process. And it calls for where the five readings
per plate shall be taken. Readings shall be made at three
decimal places. BAnd basically we ask them to send us the
data.

Electrode yeighing. We weigh to the nearest
hundredth gram. 2And 1t shall ineclude the teads. nnd they
shall send us the result and include the data for the
rejects.

Serialization. We like to have nice traceable
numbers on every cell we get.

Storage. Sometimes in a dusty plant it is very
useful since these cells are open to have plastic covering
and what-not over the cell.

On the positive electrodes we call for readings,

where they are to be taken, then send us the data.
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yms 48 ! SULKES: I have a comment. In your negative
2 electrode mixing and actually placinginto the mold, do
3 you intend this to be a center ¢grid, or a grid really
4 coming out on one side? This would seem to indicate that
5 they dump it all ain and put the orid on top, or the grid
6 1s i1n first. Whereas, I think vou would like to have
7 the grid right in the middle.
8 COLSTON: The end process produces a grid that's
? roughly ain the middle.
10 SULKES: 7You don't require that half the maix be
B! put an first and so on?
12 COLSTON: I've seen them ~- let's see, on the
13 process they put a little cadmium oxide down and then put
14 the grid and finish it?
15 HENNIGAN: Right.
16 COLSTON: So they do do this. Any further questions
17 or comments?
18 (No response.)
19 All right. O©On the positive electroe, the silver
20| plates, again we call for weighinas and data, the data to
21| be sent to us.
22 Lead forging. Here again, five welded plates shall
23 ’be tested for lead adhesion. You try to pull the lead off
24| and the grid should come with 1t.

A“'F“““R“”m”'gg Serialization. Each electrode has a number.
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Storage. Then there is a section on the rolled silver
strip.

Now, this would be modified depending on the
procedure you use to produce the silver electrodes for
other manufacturers.

All right. On the unit assewbly, then cell
assembly, thev say care shall be taken not to lose the
1dentify of the negative and the positive electrodes.
And then they call for recording the numbers of the
electrodes used in each cell.

Leads and tabs. Terminal soldering. Cover

H

installation. Terminal potting. We've been through these

previously.

Polarity marking. Internal resistance. 2And on

the next page you see the diagram for the internal resistance

set up.

Then we have a formula where the operator can plug
in the data.

Agsembled cell dimensions. The cell weioht (dry).
And Marking. Here again, we like the cells to be vexry
nicely and legibly numbered with the date of manufacture,
a serial number, this sort of thino.

Packaging. Well, we don't want metal hands
attaching these aroups together, because the bands can cut

through. We do not -- this has been a problem because they
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like to do this evidently -— lubraicate the terminals. We
don't want them lubricated because we just have to turn
around and try to get the lubricaht off.

Then the next paragraph calls for Vermiculite.
Now we have been shipped cells in boxes where thev have
all the loose VErmiculite, and that stuff makes a vervy
nice dust. 2And on open cells 1t likes to get ainto the
cell. I really don't know whether this affects the cell's
performance, and I just don't want to have to be put in
the position of having to find out.

Then we ask for‘accompanyinq these that they send
us this data. BAnd then marking, mil standard., In the
past the letters for space flight use were not as obvious
as they should be. They were put on with a magic marker.
ind then we have ordering data.

Now, personally we like to use these, the
following dimensions and requirements. We like to know them
and we like to know the cell design to this extent before
we order. And we like to specify it,

Whether vou do it when you order silver cadmium
cells, if you order them, that's up to vou. Then the suppliej
this is where it says basically that this spec i1s written
for Yardney. Perhaps 1t doesn't say it strongly enough.
Then there are some definitions.

In the back here we have these test forms that we

¥ o




rms 51

?
10
- 11
12
13
14
15
16
17
18
i9
20
21
22
29
24

Ace —Federal Reporters, Inc

25

[

396 A

get our data on. WE get the dry and wet thackness, the
rupture test data, the weight, size and thickngss of
the plates and the rejects. That coneludes that particular
specification.

Any questions, comments anecdotes, philosophy?

SULKES: Just one point, lookine sort of ahead at
yvour silver spec, vou 1n the sil-cad spec allow a plus or
minus 3.4 percent. In the silverplate gpec for, let's say,
zinc cells you're running 1t looks like about 2.8 percent.
And it would appear 1f you could get it in that spec, 1t
should be possible to achieve 1t here without any trouhle.

So, this might be a llttle tightenino up that you
can do, or a loosening up the cother one, dependinog on what's
actually possible.

COLSTON: Yes.

PYDER: Ryder, Gulton Industries.

Did I understand you to say before that TMP was
the program for which you developed this? 1Is this the
only program on which you're using these cells.

COLSTON: These cells built in this manner have
been used and flown on, let's see, seven IMPS datina
back to 1962. We are presentlvy buildina the hatteries
for IMP-I and later for IMP-H and J, also a c¢ilver cadmium
battery f6r 8 cubed(?). We'wve looked at silver cadmium

for PE, which 1s put off raicht now. And we have worked waith
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the Belgians, the French and the Germans on gilver cadmium

batteries that they use.

RYDER: Thank you.

COLSTON: But basically at the present time
there just doesn't seem to be that much business in silver
cadmium cells.

BOGNER: I was wondering 1f i1t would be wise 1f
you go out to other manufacturers i1f they would be interested
in environrental regquirements? Vibration, shock, thermal.

COLSTON: We perform, of course, vibration,
shock and this sort of test here with the flaidht cells that
we're going to use. ‘We perform it on the battery.

RICHARDSON: What type of vibraéional lgvels do
you gual these things to? What maximunw "G" levels? What
frequency?

COLSTOE: . Do you remembe;?

IENNIGAN: I don't remember it offhand. It varies
from shot to shot, but it is tied into the Thor-Delta.

RICHARDSON: Tied into what®

HENNIGAN: The Thor-Delta rocket.

RICHARDSON: Yod-dén't know 1f at's 10 G's? Five?
Can you give me a ballpark?

HENNIGAN: I bhelieve 1t 1s nine.

RICHARDSON: What freguency rance?

HENNIGAN- A counle thousand, does that sound richt?
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COLSTON: I would have to go hack to the office
and get the actual data.

RICHARDSON: Okav.

COLSTON: It i1s dependent on what your launch
vehicle 1s, of course.

GREEN: Green, Martin.

Apparently you've had a lot of test experience
with these batteries. Can vou just roughly give me théar
performance comparison on high temperature and so forth,
are they better than the nickel cad or are they a worse
factor?

COLSTON: These batteries on the IMP proaram,

I like to run them at roughly zero to 30°C., My most
favorite range is 10 to 20°C. At above this temperature
they tend to die gulckly, and they operate nicely until they
die though.

Below this temperature sometimes your charaing
regime, the voltage goes so high that you hwve trouble
recharging it. And on discharge, say bhelow 0°C sometimes
you hit it with a, say a C/2 discharge rate or even almost
a C rate dascharge, your veltage drops initiallv so quickly
that the undervoltage cutoff on a satellite svstem cuts off
your battery. So, ideally I 1:ke to operate these thinas
at zero to 30° C.

GREEN: How much shorteninc of life do vou fagure
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you might get at 30°C operation, just an estimate?

COLSTON: Mr. Hennigan says that 40° i1s less than
a year and 50° is two months. And in the temperature
range that I specified we tell the project managers we'll
guarantee a yvear and 1t generally lasts two.

GREEN+ Thank you.

FLEISCHER: I just want to be sure you carrv
out the environmental test, the shock test, on assembled
batteries after they have all been formed, the cells have

-

been formed and assembled. You don't do it on the cells
themselves. '

COLSTON: No. We might. If we had a problem we

< .
could take a couple of cells and walk over to the test
area and have it done.

UCHIYAMA: Uchiyama, JPL.

I understand that these cells are flooded, vented?

COLSTON: No, not vented -— sealed.

UCHIYAMA- Thak's my question here. Just how do
you go about assuring yourself/zie seal, once you've
activated the things, and do you have any requirements
placed on the vendor relative to the subsequent seal that
you people put on it?

COLSTON: None that i1s not ain this spec. If they

came up with something, some sort of defect that showed up

later, and we thought that they did 1t, we could go back and
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have a heart-to-heart talk with them. But we usuallv

don't have any trouble with the sealing on these batteries
1n orbit. See, we usually have at least one or two, perhaps
three back-up batteries for each launch.

On launch we start testing the back-up batteries
too. And we don't have problems with leakina.

RYDER: Ryder, Gulton.

You talk about like less than one year life and
2 months or 2 years. Is this low orbat, and about what
depth of discharge are youtalking ahout. In other words,
how many eveles are we talking about and what depth.

COLSTON: Okay. Typical IMP is a series that
looks at the magnetosphere of the earth and the solara
winds and the shock wave of the earth., The orbits range
from a low point of say about 150 miles out to about
280,000 miles. Some of them have a hiahly ececentrac
around the earth and go out beyond the mroon.

IMP-E was anchored ayound the moon. The S
cubed(?) will be an equatorial launch I think. DNow,
these thinas, usually the time of the orbit coes the mini-
murm which so far has been eight hours. 2And it coes up to
four days. We usually have up to aboi a 30 minute
discharge, sometimes a 30 minute discharge continuously.
We usually design these things for a 20-25 percent depth

of discharce. We like to have about 6 hours to recharge them
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althought we're working with the people on the German
satellite, and they have a two-hour orbit. They are das-
charging for up to 25 minutes and recharaing, a different
recharge regime thah our two-step voltade requlator. They
are recharging in a hour and 35 mainutes. The current rate
of these cells is usually low. Say for a l0-ampere-hour
cell the current rate 1s around 2 amps. On IMP-I 1t will
be higher. It will be almost 7 amps. 2nd we'd like to
see about 10 to 20° Centigrade of environmental temperature.

UCHIYAMA: This question is kind of directed at
Tom rather than to you. At one of the ECS meetings you
mentioned the effect of radiation on the separator matc;rial.=
Do these specs now take that into consideration or were “
these specs generated before you had those problems with the
separators?

HENNIGAN: The only tests we've done here on the
radration of sil-cad cells is cobalt gsource, and that
was lO7 rads. That was quite a heavy dose. Now the reason
we did that is at one time we did have a hattery failure
and didn't guite understand i1t. And they were goinag into
the belts more than they should have because of the orbit
they got. And we checked it out, but of course the
cellophane dgoes. There's not much you can do about 1%,

We finally found out that was not the source of

the failure. It was we felt a problem of quality contrel.
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RICHARDSON: What's the most sionificant failure
mode you found in the silver cad cells, assuming you operate
them in the range of zero to 30°C normaly operating temper-
ature. What failure modes have vou found.

COLSTON: They short out. The separator deterior-
ates. The silver gets all in the separator.

RICHARDSON: APFter long cyclinog necessarily
or short cycling.

COLSTON: After long life, heavy strain, with
age. We've had a few failure modes of explosion where
too much electrolyte was added. This was way batk when.
There have been a few other instances, but they just wear
out.

This brings up one point. I'm sure that these
specifications can be tightened so that we can get much
better cases, headers, seals, potting, 'terminals -- the
terminal can be redeglqned and improved. But at the present
time there's no point in it.

1

%he basic system 1tself, the cadmium plate, a
5}1ver plate and cellophane in between lasts oné to two
years. And there's no point in havinag a 5~year terminal
until someone improves the cellophane and probably the
plates.

COHN: Cohn, NASA Headguarters,

The obhvious answer to that i1s to look into the
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separators that were developed for sterilizable batteraes
where you potentially have much loncer-lived separators,
so that you might up~grade the vhole system and expect
longer life out of 1t.

COLSTON: We investigated this and ~-- what 1s it,
the RAI separator --

HENNIGAN: We'll have to get some of the Borden
separators and RAI -- there's a prcblem there with uniformino
of separators. Can we get the same thinag twaice. The
cells would not work. Very poor cvcle life.

There 15 one thing that we have looked at and
1t looks promising. It is a calcum hydroxide coating which

Jronp
in a 50 cycle test r?strlcted the silver migration one-
tenth of what it was in a control cell without the coating,
but 1t's been a little hard for us to aet somebody to
really control that coating for us. We have somebody now
thatwill do it. 2And once we can get some cells maée and
cycle them, we'll have a bit more information.

STEMMLE: A comment here. It might be mis-
leading to sav you restricted at one-tenth. What you did
was you reduced it to one-tenth of what 1t was previgusly.

HENNICAN: Right,

STEINHAUER? Comment Steinhaner, Hughes.

Considering what you know now on the silver

cad secondary system, how would you -- 1f vou were startind
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today, would you go silver cad, or would you consider
silver zinc?
-COLSTON ¢ I'd st1ll go silver cad on this use,

STEINHAUER: Why?

COLSTON: Well, these cells -—- we don't oget the
watt hours per pound with silver zinc, but we are much
better than nickel cad. The cells are verv efficient in
ampere hour current. Ve can charce up a battery and put it
on the shelf for three months and then discharce 1t and
get within 5 percent of what we put in 1t, so we're not
sure 1f we actually put it in to begin with. So there's
almost no self-discharge.

While 1t is sitting on the shelf the electrodes
are not gassing like your silver zine. These things operate
in a partial vacuum, you know, inside the cell yvecu don't
have a gassing problem. It doesn't seem to have a real
high rate that a silver zinc can do, but it's hioch enough
and it has a longer life than a silver zinc.

And 1t's a nicer system, especially because of
the gassing problem.

BOGNER: I think you have to qualify that when
you say longer life. You may say cycle life, but total
life, 1f cycles aren't important, will be nearly the same
I think because you have the same failure mode usually,

the silver penetration of the separator.
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COLSTON: Your zinc though lakes to dissolve
very readily too. Doesn’t it?

BOGNER: Yes, you get some zinc, but a lot of
cells I've seen haven't been due to zinc penetration.

STEMMLE: The zinc electrode actually i1s a bhad
actor. It sloughs off and you get active material in the
bottom cf the case.

BOCNER: You do get dendrite growth and slouching
off. But this does not affect the total life. Stand life.
Shelf life. 2and 12t doesn't slough off when it 1s standing
on the shelf, so what I'm saying as yop've got to qualafy
1t when you say life.

If you're talking about cycling it, over a short
period of time you can get many more cycles usually out
o% the silver cad and the silver zinc. 3But 1f vou only
need 10 cycles over two years,maybe you can cet it with a
silver zinc.

PALANDATI: Palandati, Goddard.

In regards to the silver zinc systems that we

have flown here at Goddard -- and these were Yardney silver

zinc systems -— 1n regard to the cycle life, 1t was definitely

nowhere near what you'd get on the sailver cad cells and
on your wet stand capability as such.
The wet stand I would say was questionable over

18 months. And these were the Yardney silver zinc cells
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using the same U~fo0ld(?) configuration with the same
cellophane separator system and the number of wraps.
It was definitely nowhere near as good as the silver cad cell
even in wet staying(?) capability.

COLSTON: Are there any further questions on
the silver cadmium system, 1f not, I think this i1s leading
beautifully into the silver zinc?

HENNIGAN: One more comment on the sil-cad cell.
We have finally with special loving care got these cells
to stay together, 1f they're made together. ~And they do
take these batteries down to full depth of discharge several
times during the year. And we don't get any luxury like
cell sensing, so we have to sense the battery. 2aAnd we find
if the cells are made according to spec, formed in a
special way and selected, we can take these batteries down
to 9/10th of a volt without reversal.

My experience with silver zinc -- I don't think -~
we haven't as much experience, but that's very difficult
to do. They imbalance quite badly durine cvcling.

COLSTON: Yes, on a good lot on charge and
discharge, these voltages stay together very nicely.

Well, shall we get to the silver zinc, Tom.

HENNIGAN : i'd like to go briefly through these

two kind of fairst cut at specs on silver zinc and silver

oxide plates. These specs were actually a cooperative effort
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between Goddard, Hughes Aircraft and ESB. Ve'll take
the silver spec first. These were desianed for approxi-
mately a l2-ampere-hour cell.

We have the usuval applicable documents in the
front here, and our NASA Goddard drawing number. It's
not on here, bhut 1t's just a dimensional -- I'm sorry,
ves, the drawing 1s attached.

Dkay, does anybody want any of these speecs on
the silver plate or zinc oxide?

These are requirements here in ampere hours
nominal capacity of the silver plate. The design goal of
this battery was for synchronous orbit, asking for as a
goal three years. We have obtained as much as one and
three—-gquarter years to day in the synchronous orbltsowith
silver zinc hatteries at room temperature.

The depty of discharge at the peaks on the ones
we ran was 40 percent of the rated capacity. This we felt ~-
we got a little bit higher to 60 percent. So, the charge
time would actually be 23 hours, but usinag a two-step
regulator vou find at room temperature the batterv charges
up 1n about 13 hours. Then we cut it back so the charger
18 charging the battery -- 1f vou want to use that termr --
at open circuirt voltage.

The physical requirements are oiven and the plate

weights. Now, again these were all 100 percent ingpection
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to determine if the manufacturer could stay within these

limits.

COHN: What's a DP?

CHREITZBERG: Dispersed plastic.

HENNIGAN: Dispersed plastic, richt.

As you see here, we do have some values to
reject outsaide of -~ on the grads. It's pretty hard to

specify that orid weaght, the way T understand it. And

the only way to do it is buy a lot, and reject

outside these limits.

The term "biscuit” used here is a term used as
the silwer electrode with the grid in 2t. Is that right,
Gus?

CHREITZBERG: Yes,

HENNIGAN: That's a rather large sheet which we
cut six plates out of?

CHREITZBERG: Yes.

HENNIGAN: Now, these buscuits were also
lot grouped within the values that are shown here, the X
plus or minus five percent.

Here, as I say, this 1s a first cut at thas
thaing. Not all tests are specified., The ribbon 1s spot
welded to the plate and ainspected for intearity. We dad

have a spec on the plate density of the silvexr electrode.

Also there are some specifications here on the
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plate, electrical connection and the material to be used
for 1t. Again, we're using EXMET materials as a orad.

The silver powder 1s specified as 99.9 percent.
2nd with no other impurities exceeding 500 parts per
million.

The grid 1s also specified in the sil cad one,
we're also reguesting here that the ampurities bhe no
greater than 500 parts per million.

STEINIAUER: Steinhauver, Huches,

Thegse levels of impuﬁitles were picked, as
br. Fleischer suggested, from some of the major precibus
metals supplie;s' specifications, It's not the entire
spec, but those are the levels that you would normally
expect there. '

FLEISCAER: I think the government spec for thas
grade of silver has much lower impuéity content.

STEINHAUER: For individual components I thaink --
I'm not familiar with the goverhment spec on 1t. T was
looking at the manufacturer's specs, such as Engelhard and
so forth. |

HENNIGAN: The capacity of the plates 1s defined
in ampere hours. And the current densities at which the
plates should be operated are given here, how to charce 1t
and so forth.

SULKES: 1Is there any reason why that capacity
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1s 50 low? I notice you're allowing roughly 4.2 orams
per ampere hour in this particular plate as opposed to
£wo six in the sil-cad.

HENNIGAN: Well, I think Ed mentioned before,
we felt that 2.6 number 18 wroncg, way too low,.

SULKES: ¥You mean 1t's too efficient, too hard to
meet 1t?

HENNIGAN: Too easy.

SULKES: Well on this one you are allowinag four
two, which 1s about twice as high. In other words, you
need twice as much material ;o ao the job in this one.

HENNIGAN: Was 1t grams per ampere hour?

SULKES: Grams per ampere hour, right.

And this one works out you'wve cot an 8 gram

for silver material and you're only askiny for
2.1 ampere hours. That's foughly 4.2 grams per ampere hour
as opposed to the sil cad where you're askino For 2.6 arams
per ampere hour. You can't do much hetter than about two fivsg
roughly.

HENNIGAN: Did you have anythina to say about
that, Gus?

CHREITZBERG: If you take the positive piates and
discharge them in excess electrolyte, they should do
2.6. If you perform the test on the cell, specify the

cell pack and run it at the C rate, then you would be at the
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limrt that's now specified. You wouldn't be lower than
thht laimit.

SULKES: This actually though i1s running against
a dummy plate, so therefore I would think vou would want a
much higher performance level.

CHREITZBERG: The test that we normally perform is
run not against dummy plates, but in a cell with a
separator system similar to what will he used in the ultimate
cell. And we would like to have the spec at the same
rate as it will be flown. And then the limits will he
meaningful. I think this limit is too low, in answer to
your original guestion.

HENNIGAN: The current density of the plates to
be used 1s given in the next paragraph. It mentions in
paragraph 3.4 that the hundred percent sampling 1s done on
plate thickness, height and width. Grid weight for the six-~
plate assembly, that's the grid that goes into this brscuit,
ard the sintered plate blank weicht.

We also reguested that the individual plate
1dentifications be maintained as we do in the sil-cad area.

SULKES+ This seems to be a special plate which

'is basically a low efficiency plate, and I'm sure there's a
' reason why you are using 1t. But 1t does appear to bhe

special. I wonder 1f vou could explain some of the rationale

behind 1t.
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HENNIGAN: We asked the supplier to build the
batteries for synchronous orbit. They contacted ESB, and
this 1s their recommendation, 1s that right, Gus?

CHREITZBERG: I'm not sure what you mean by
low efficlency. This plate should operate at the C rate at
.28 ampere hours per gram minimum. And here I think we're
specifying at .25,

Now, 1f you go above .28 ampere hours per gram,
then you would have to specify the separator systenm

and electrolyte concentration and so forth.

SULKES: Tpe specifications as 1t calls out i§
four -- over four grams pe£ ampere hour as the test is here.
That's what I was gquestioning. 1In other words, you're
asking forJZ.I ampere hours. On an 8.8 gram plate, if
you're talking about 2-1/2 grams per ampere hour, you
should be getting somewhere like 3-1/2 ampere hours at
of that plate. So, I'm only questioning the capacity in
thas 331.

CHREITZBERG: I think that's a verv good point.
It should be increased. We have a lot of slop there.

That was

HENNIGAN: /before we reguested all the positave
plates be made from one lot of silver and one mix batch
to be run and documentation be available to the purchaser.

For environmental requirements this was not imposed

on the manufacturer necessarily. It was to give them some
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1dea how we're going to use the cells. I kind of feel that
the 100°F 18 too high 1f we want three-year life. If we
flew this type of migsion we would ask, as we do in the sil-
cad area, zero to 25 or 30°C.

And then we spvecify the potassium hyvdroxide.
We will use 40 percent. We call ocut the drawinag and that
they will measure to the drawino and that all the data
w1ll be supplied to Goddard.

The same way onthe weirchts of grids, these
So+called biscuits and plates is also teo be supplied to
Goddard, and the rejects are also to be -~ we're supposed
to know how many are rejected. Did you have a question?

COHN: WMo, but I have a comment. I notice on
the drawing that you have one of those tremendous wires
leading off that plate. Have you considered putting a
tab on there instead of a wire to get better current
distribution and maybe longer life and perhgps also have
less trouble with kinking and splitting and seo forth,
getting a better bonding of the tab to the plate, instead
of this small wire.

STEINHAUER: This i1s a tab.

COHN: It looks like a waire.

STEINHAUER: It is 10 mils thick and 60 mils

wide. It's a raibbon.

COHN: What's the width of the plate?
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STEINIAUER: About the -- the whole plate?
COHN: Yes.

STETNHAUER: Two inches.

COHM: About two inches?

STLIMHAUER: The plate itself?

COHN: <vYes.

STEINHAUER: Two inches.

CONN: Have you considered using a tab about
an inch or an inch and a half wide?

STEINHAUER: It's not really necessary in this
application for the‘discharge currents that we expect: £t to
carry. This is gute adequate.

COEN: You're goindg to use a very low rate of
discharge and a very low rate of charge?

STEINHAUER: Yes, it ig designad for about C
rate discharge.

COHN : F?r the C rate?

STEINHAUER: Yes.

COHW: Have you ever measured the plate with a
full width tab and a plate with this kind of tab to see
whether vou can find differences in temperature distribution?

STEINHAUER: We have not.

COHN: I suggest vou micht do tht sometime. IFf
you operate them at the C rate, there's a good possibility

that there will be an effect of the width of the tab and
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that you would gain in performance and in 1life by havang
a decent width ofitab that is somewhere near the full
width or hovever close you can get of the width of the
plate rather than this bit of wire there.

RICHARDISON: With these types of wires or narrow
tabs, we've experienced breakage during vibration testing
with this type of arrangement. 2And you wind up waith a
reduced capaclity 1n your cells wh&n you break several wires,
Now, with the wider tabs we haven't experience? thais
problem during vibration testaing.

HENNIGAN: Well, this is similar to the ones
we have in the sil-cad battery. 1It's a tab of this type.
As far as I kno&, we've never groken a tab. We have had
trouble with the integrity of the tab weld to the\silver.
As we've said before, the check 1s to pull it and make
sure you've destroyed the plate before vyou pull the tab off.

STEINHAUER: In this batter desian where these
plates will he incorporated, the cell core or cell stack
is not free to move. In other words, those tabhs are not
expected to be flexed duraing wvibration.

RICHARDSON: When vou get a cell pack like that,
you can't make it too taight. Even in tight cells packs
you can get movement of the plate stack waithin the cell

Jjar.

STEINHAUER: Yes. On a normally constructed cell
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this makes use of separator frames. We have elaminated
the U-fold. These frames are epoxied within the case, so
that this whole stack 1s rigidized.

RICHARDSON: That's one way that I think vou can
possibly restrain the pack movement.

CHREITZBERG: The problem i1s certainly not as
simple as going from wires to the screen. If you have a
problem of cell pack design to a given vibration reguirement
such that the cell pack itself moves, it 1s a matter of
time before the screen will break.

If you desion properly, vou can pass a vibration
spec with either screen or wires. So, this is certainly
a part of it, but not the entire picture. I think it is
correct that you should have that amount of silver in the
tab which will give you the proper conductivity and proper
distrabution.

From my experience the distribution of current
is going to be a function of the screen inside the plate
as well as the tab leadinyg to the plate, especially at hadh
states of charge.

And here the ons zero arid micght not be adequate

to properly distribute it at high current rates.

1

FLEISCHER: I think this cell has one plate, one
s1lver plate?

HENNIGAN: No, s1x.
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FLEISCHER: Six. Then the 2.2 ampere hours is
the capacity of the plate itself -- one plate?

STEINHAUER: One plate.

FLEISCHER: WEll, the C rate on that, the dis-
charge in your lead wire amounts to about 3000 amps per
square inche cross-sectional area, and I think this is
nominal for silver leads.

HENNIGAN+ What was that number again?

FLEISCHER: It calculates out to -- 1f you cal-
culate the cross-sectional area of this lead, the 2.2
amperes 1s rouq@ly 3000 amperes per square inch, which 1s
a nominal high rate discharge for silver.

HENNIGAN: This has to do with Ernst's remark
about current density.

to

HENNIGAN: We will go on/the chemical section
here, the silver powder. At this time we accept the receivino
inspection of the manufacturer with a certaficate of
performance, the same as we do with the orid. Packaging was
specified. This was rather a —— 1t wasn't so khad on the
silverplate, but it's pretty hard tc ship a dry silver
oxide cell around. But this was specified so we would have

some control on the packaging.

i

Identification is pretty standard here. There
were some guality assurance provisions and inspection

controls by theseller, GFC{?) throuogh D-CAS and what to do
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with rejected assemblies.

I guess this sounds pretty borina, but this is
about where we started with the sil-cad spec about five
yvears ago, and if you keep working at 1t,eventually we
might have a silver zinc spec similar to the sil-cad spec.

I hope we don't have to tie 1t in so much +o one supplier.
On the other one, the zinc oxide,

the first page 15 -~ or the first two paracraphs are

essentially the same as the silver spec. In ogeneral here,

we call out for a teflonated, unformed 5.5 ampere hour

zinc oxide plate. It does say here the cell will have

six positive aAd seven negatives.

Under paragraph 3.1, the physical reguirements are
given. BAnd later on we specify that the 100 percent
inspection should be done. And the composition of the zinc
oxide mix 15 also given here.

SULKES: In view of some of the reports of the
effectiveness of the extended edge plates, vou don't
allow the zinc to get smaller than the positive by toler-
ancing, perhaps it should be toleranced such that the
zinc should always be bigger.

In other words, rathere than allowino 2.940 minus --
in other wvords, only let zt oo on the plus side. 2aAnd thas
way you'll always assure that vour zinc 1s somewhat larger

than your positive electrode.
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HENNIGAN: WEll, we have some additional work
being done where the zinc will be larger, about an eighth
cf an inch, would that sound about right?

SULKES: Well, an eighth 1is certainly fine, but
even just by spec tolerances you can at least assure that
you're getting, oh, 30 or 60 mils at a minimum.

HENNIGAN: Well, the e¢arid 18 called out. Now, on
this particular grid they did have a fold-back at the
edges to strengthen the edge. Would that be to also have
better adherence of the zinc oxide at that area?

STEINHAUER: It was felt that that would support
the 21ncioxide at the edge. Since that time where we've
actually operated cells with this, we are somewhat con- .
cerned in that the EXMET with that fold-back thickness is
about 35 mils when this 13 a 29-mil thick plate, so that
you have EXMET raight at the edge of the zinc oxide material
around the periphery.

We mayv be running into some incipient short
problems because of this fold-back. And we mav have some
afterthoughts on using this fold-back.

HENNIGAN: All right,

And the silver tab 1s spelled out here. Also
on the other plates 100 percent inspection with lot plots
of the entire plate lot with the low, normal and high values

and their spread given on an ¥ plus or minus some percent.
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The density of the zinc oxide is also spelled out. It is
49 grams per cubic¢ inch.

GREEN: Green, Martin.

I notice that you qive the dot plates on the
negative here, but you don’'t define any method of assembly
Iike you do on the silver plates in the other specification.
Any reason for that?

HENNIGAN: Any method of asserbly?

GREEN: Yes, 1f you will look over in the other
one, yvou make the statement that, "Make sandwiches using
one grid and two nominal db sheets or one ¥ and one L
db sheet, allowing them assembly.” But vou do not do
this 1n this other plate. Is there any reason for that.

HENNIGAN: Do you wagt to answer that, Gus?

CHREITZBERG: The processes are conpletely
different. The descripbion of the manufacture of the
cadmium plate is very similar to the manufacture of the
zinc plate here., We don't make two sheets and put them on
either side of a grid in this case, so it 1s not described.

HENNTGAN: The plate alectrical connection is
spelled out here which 1s also shown on the drawina attached.
The tab is called out to he attached to the sailver grad
in this case rather than in the silver case where we attach
it to the silver center{?). 2nd we ask for optimum weld

process conditions. That turned out to be a pull test, of
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I remember right.

The EXMET grid 1s also called out as far as
purity and weight per square inch.

On the chemical reguirements the zinc oxide powder
should be A.C.S. reagent grade. We didn't know at the time
what the particle size should be so we asked the manufacturer
to at least measure it,and we had the data. And we
reguested to ﬁave the data sent to us. The mercuric oxide
use is also A.C.S. grade, and it is two percent of the
totgl mix.

The teflon powder 1s not specified too closely
here. It is Teflon 7, but we asked for some process con-

trols that the manufacturer normally does to be performed.

-~
- S

/=

The silver EXMET grid is also specified in the
next paragraph.

The electrical mequirements as far as capacity,
the current density which we intend to use the cell at,
and the depth of discharge of the cell is spelled out.

It gives the manufacturer: some 1dea how we intend to use these
plates.

FLEISCHER: Tom, I want to oo back to the teflon.
As I recall, when the ma@%er of the teflon carbon platinum
black electrodes for fuel cells was discussed, 1t was
very definitely brought out tlkt one of the problems in

making these things -had been that teflon had a wetting
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agent in it. BAnd this wetting agent apparently was changed
from time to time without notifying anybedy. 1In fact

I don't think anybody really knew there was one in 1t, so
here you are now going to introduce one of the things that's
been bothering us. And yvou had no control indicated.

HENNIGAN: At thas time I don't know if we can
get enough information from AuPont to control it. Could yvou
guess?

CHREITZBERG: As far as I know there 1s no
wetting agent.

SULKES: 1In gome cases duPont 30, which I assume
is similar, all these particles do have a wetting agent,
however they are removed by a heat process. And I don't
know if ESB 1s using 1t in this case. But i1f there would
be one, there is no control on it as to temperature, time
and so on.

Also control —- let's say uniformity of teflon
dispersion, because in mixing these things vou can aet
conglomerates and so on which vou do want to avoid. So, I
would say that the overall guality of the plate is left
pretty much up to the manufacturer. You don't have too
many controls on it, as perhaps you should be having.

HENMNIGAN: As I mentioned before, thas iz a first

cut at this thing. 2&nd it took us many vears to aget

the other one out which is not perfect, and we feel it will
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take a few years to straighten this one out. You have
to find out an awful lot of information over the vears to
write these types of specifications.

CHREITZBERG: One comment on the wetting agent.
Teflon 30 1s a maxture ain a liguid, Teflon 7 1s a drv
powder. Teflon 30 requires a wetting agent for dispersion.
Teflon 7, the dry powder, does not.

HENNIGAN: In the next paragraph on gquality
requirements, the usual 100 percent sampling 1s required
to measure plate thickness, height and width. EXMET-tvpe
grid weight. Total plate weight and active mix weight by
difference. Again this information 1s requested to be
sent to the purchaser. FHEere they can't mix enough for this
iot of cells, so w; have to buy off on wmore mixed batches, buf
the powder is to be from the same lot. 2And again documen—
tation 1s requested on this lot.

In the environmental requirements, again the
temperature is specified as 30,to 100 degrees'v. And 1f
we would use these type o% celis, we would like to keep
that at zero to 25 or 30°;C.

And the plates should be optimum in 40 percent
KOH.

Under physical 'tests, This just reguires that

they meet the drawing and that the FXMET type arids and so

forth and completed plates would be weighed, 100 percent
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inspection also regquired.

On this zinc oxide we would accept the conform-
ance to the receiving lot inspection analysis and a certafi-
cate of conformance to the lot. If you remember, these |
were A.C.5. grades.

Also for the mercuric oxide which is also A.C.S.
On the chemical -~ at least receiving lot analysis of the
EXMET grid.

As far as preparation for delivery, I have
some afterthoughts about shipping plates, dry silver oxide
plates, that's a very diffacult thing to do. And 1t

probably would be better to —— Well, I don't know how we

wvould do 1t the next taime. This time thev had to be

_ hand-carried. WE'll have to fiqgure that one out. They are

guite fragile.

As far as identification, the usual information
we want on the order and on the boxes that they come in,

And quality assurance provisions are essentially
the same as before with government inspection and alsc
data on the rejected assemblies.

And thais last paragraph was put in by the plate
manufacturer.

Well,as I say, these are prettv rough at this
stage of the game. We would like to come up with a specifi-

cation on silver zinc batteries as far as process type
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controls and material type controls that's a little more
comparable to what we have on the sil-cad bhattery.

Does anybody’nﬁyg any general comments or
questions?

SYLKES: I would say these are a good first try,
but really they are extremely specific to one particular
battery. I thank there's at least enough information to
make a first stab at a general spec with individual
technical specification sheets for each specific electrode.

In other words, a lot of these processes are
general and could be in a -~ let's call 1t a basic
boilerplate,and you would just add on a few sheets to
deter%nine the specif‘?ic electrode and not have to go over
and redo a spec every time. Plus I think it would be
helpful for other manufacturers., This one tends to he
specific for only one. I think this would apply also to
the sil-cad.

HENNIGAN: Do yoé want to help us on that, Martin?

{No response.)

Any more duestions or general comments about the
si1l-cad or the silver zinc.

If not, 1t is 12:60. I thaink it is a good time
to break. We are not goinglto adjourn this afterncon. We
have to give up this room at 1:00. I certainly thank you

all for coming. I know some of you came from quite a distance
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And I hope you enjoyved this rather unuswal meetino., I
thank 1t was a little different from the meetincas vou
go to.

I think people were pretty open. There are
certalin steps 1in the processes that the companies have
to respect. And If we know them, we nave to respect the
gompany.

5c¢, thank you again very much for vour attention.

(Whereupon, at 12:04 p.m., the meeting was

concluded.)
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