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Panel Member Discussion

A. Rosen The theme of this discussion is that in view of the data
generated at this conference, and prior to this conferencs,
hbw should program managers ahd projéct managers pro-
ceed with the design of synchronous spacécraft and verify
their design? Progréss in this field has been sigificant:
in the area of spacecraft design and fabrication, in the
area of spacecraft testing, in the area of housekeéping
monitors, N the area.of laboratory data, and in the area
of spate data. But are w& really doing enough? Are there
gaps in cur coverage? We have been exposed to cunflictiog
bits of data at this conferehce. How should we proceed in
the future? The first person to reply to our theme questions
is Sherman Depot-est who is going te tali; about the
environment,

S. DeForest Okay, | Have approximately five minutes, I guess, ! have
thiee paints that 1 think are rdther i portant, One is that
just at this meeting, I got iy first lock at data we took this
Spring with the ATS-8 neutraiizer, In other words, we dre
still gotting hiew date and scratching our heads, The data
base is incomiilete, GEOS going up with our Europedr
colléaguce, arid SCATHA going up; | thitik that will really
help. The malii potrit Is that the ddta base is incomplete,
The second thing is that even wtth the data base that we
have, two days ago | had put out my ideas of what an accept-
able model or environmenta! specification should be. 1



A. Roseii

hdve béen trying to talk to everyote | dould vut here to get
some [eedback ot what they thought. The readings | am
getting, loud and clear', {s that there ara d lot bf engineers
whb do not warit a good model, rather they need some
numbers right now, So or the tape here I am going down
on r&dord as saying | will switeh my efforts €orthe present
time to getting out a short term, better grade interim
model which will be relatively simple, of limited uge, but.
will have someé numbers to work tb. | think this is one
raéssagé | Have gotten back from you people. The third
point IS one that | feel was missed, and it has to do with the
theme here; that is, future directions on where to go.
There is only one paper whith really mentions it and that

is the spacecraft have changed state. | am going to make

4 weather analogy, We know how to build houses that
would survive tornados or earthquakes. It is not cost effec-
tive tu build these kind of houses. You tantt put ail mili-
tary bases under Cheyenne mountain, | think the same
thing should be true bf spacecraft, We need z prediction
capability, and | dori't think anyone Heré Hag consideéred
that. | deliberately avbided that, myself, to hear What
other pesple thotight. Bt | think we should get some ideas
toward using the advancés that we Have in magnetospheric
dynamies, our understanding of it, to Set up a method cf
predicting. 1 think with the state-of-the-art, right riow, if
we want to do it, we could get twetity minute warnings,
without too much trouble, If you had this soft of system on
line, theri you cotild have ybur spacecraft setid Up a com- -
marid to it and say a storm is coming, shut yourself down.
This tnight be a lot cheaper in the long run then having the
spacecraft itself sense that something is happening. You
mtght want to do that for - niliitary spacecraft but for
communicdtions spacecraft, i think it might be too expen-
sivé. So on9 thing that | would iike to see ih the future, in
goltig along with the theme, is the idea to set up a predictive
o” +line capability arid.then desigritig spacecraft that might
be sbie to charige their state and in some way be more hard,
for short pericda,

The next speaker is Elden Whipple on Modeling,

877



E. Whipple

Okay, | just have three points too. 1 have béen very
encouraged by the results that have been presented here,

at this conferencé, oh the modeling, | am talkihg hére
about modeling the sheath, rhodeling the currents from the
environment to thé spacecraft that Cause a charging prob-
lem. | think that we really are making progress, and there
isat .es-dimensional program in the works and more
than one grotip is involved in this kind of effort. | think in
the next year we shall start seeing some real good resuits,
in this area. 7T realized oae thing in talking to people, the
Systems Science and Software, Inc. effort is taking a first
crack by neglecting space charge, and I thirik that is a very
good approach. It may be a very realistic approximation.
The Debye lengths are very big out in this area. It may be
that when we understand the problem, that we cari neglect
space charge completely. And this could be a help iri our
modeling of the currents. It will make it much easier for
engineers and people involved in designing spacecraft. So
I think that possibility is really very encouraging and we
should gertairily look at that approxihiation first and see
how good it is. Bthink everitually we ought to be able to

get analytic or algebraic expressions for the currents.

Now Lee Parker and | were able to do this some years ago.
We were worried about a two-electrode system and we
were able to approximate our computer calculations. After
we had done the computer calculations, we saw a way of
approximating them such that we could get algebraic expres-
sions for the chatrgirg currehts. It is a lot easier if you
have someéthifig like that to work with, to calculate what

the charges are eventually going to be, | think that should
be kept in mind. The computer, the exact calculations,
have to be dohe to give us a bench mark. But once you
have them ycu ought to be able to find out where to make
your approx‘madtions, soyou get tractablé expressions that
anybody car, work With to do their design with. Finaily, |
woliild like (o emphasize |.... No, one more point con-
nected witla the modellng. Nobody has started wotrking yet
on a specific three~-dimensional model for the SCATHA
spacecraft. Now I think that is being talked about, but 1
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haven’t heard {t talked about publiely and I would ltke to go
on the récord as saying that should be started. 1t is not
golng to be an easy thing, | don’t think. It should be
started soon, so that when SCATHA does go up, we have a
working Model we can go to and start using to-coinpare the
data, Okay, my final point s t0 emphasize again what |
said in my talk, the usefulness of lab work. Agatr, | think
this s 2n area that has veen relatively neglected. There
was mbre here at the conferénce than | anticipated, and
especially the wbrk that Is going ont at Lewis Research
Center is very eficouraging, That way they are able to
generate fluxes of eiergetic particlés in their vacuum sys-
tems and see the effect on materials. But | think we should
go beyond just looking at the effects on specific materials
and put together a composite miniature spacecraft that
truly represehts real spadecraft configuration, materials;
and s¢e what happens. We need to have some kind of a
model to use to predict What will happen and go in ahd see
what does happen and begin to g&t some cohtidence in the
caleulations,

Mike Sellen on Laboratory Research and Simulation. .

L.would like to address three points and one of these is the
question of similitude, This gets to be fairly fascinating
when once you get into laboratory experiments and try to
duplicate space. It would be a healthy viewpoint to say
similitude yes, but always in moderation. There has been
one experience in combined environmental test tacifitiss
which I think is consistent; that is, that they continue to
insi{st oh more and more similitude, the usefulness of the
factlities teérds to go down, You can always ask if the
cosmic rays should be thére or whether the extremely hard
EUVL shouid be there or a variety Of things. ©n the other
hand, it is rather clear that theré are certain opeters as
far as this testing goes, atid the spacecraft is going to
operate ih vacuum and it s golrig to operate with some kind
of electron environment arid some kind of photons. | think
it gets to be a hard and fast rule that basically is where the
test results will come. You simply will not test spacecraft
In ambient air under any circumstances unless that is the
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medium you inténd to Fly It in, The secohd thing is to try
and talk about what | think might be the overall purpose of
a great deal nf the lob research, and | say that there is 1 ne
outstariding thing that comes out of it that gives you a sense
of perspective. If there i a sihgle physical parameter that
has a greater variatiori than conductivity, | am not sure
right off what it is. It goes from 10'® ohms centimeters
down to microhm centimeters. It has a variation of 1024
in it from one material to another and particularly when
yoir get into weakly conducting materials, it is just a func-
tion of just about anything you can think of, particularly in
what we will call weak field conduction, less than 105 volts
per centimeter. .And so one thing that can come out of it is
the possible perception that you are dealing with a 12
parameter problem that includes all of the history, includ-
ing that of the manufacturer on the night that he made the
sample you are looking at. And if that is the case, then
maybe one think that the 1aboratory experiments will try tu
do is not to try and solve thé whole problem, it may simply
have too many parameters in there, but it will tend to
direct the effort off into what I'll say is just reducing the
problem. We will talk about tLat in this third point. The
other possibility of using the laboratory again for perspec-
tive is that | ama sure there is goirig to be an increased
analytic effort and already the computers are, | guess,
going to be brought to bear. | think the laboratory will
serve as a very necessary antedo‘e to this. | always dis-
covered eveén when | am doing it myself, that there is a
subtle narcotic effect toward having the computer begin to
ruh things out and, about once a day, have an experiment
keep some of the perspective because the initial. assumptions
of the computer program are forgotten | think.within a few
hours. And these are very sparingly based most of the
time. The third point that | would like to discuss is the
use of the laboratory to reduce the problem. | think the
majority of the program offices would rather see a quick
solution to a small problem than an elegant solution and a
prolonged solutlon to & very complicated one, and there
are all these questions about using these methods to either
bring the man to the niountain and vice versa and the only
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question is whether yot can use the laboratory to keep this

thing from Belag a mountain, Most of theé charge up prob-
lems; the gross ones, | think the ohes that could do damage

to spacecraft will go away if you make the material con-
ductive, We will always bé tr« Sled with problems of the -
sclentific spacecraft. The majo. thing ts to use the

laboratory to very rapidly simplify the problem that One is
looking at, because most of the applications here, | think,

would really rathef get on to mahy other things that spaee-
craft have on their agenda. Thank you.

A. Rosen John Stevens On Laboratory Spacecrait Investigations.

J. Stevers I would like to talk about three different items as well.
What can project managers do to help their designo
You've heard a couple of papers today talking about the use
of sparkers and looking into the harness response. | think
this type of test should be amplified; it should be done early
in.the design phases arid get away from using the flight
spacecraft which imposes severe limitatiotis, You can
couple a sparker into a typleal vpacecraft engineering
rodel (or something similar) and look at what gogs irto
the harnesses. | believe this will improve thé transient
specifications. Anbther point is that actual spacecraft
réspense to the ehvirorment is needed. For that you have
to scale. You can't simply go ftom small sample responses
to a full size spachcraft. 1 believe you are goirig to have to
get into testing complicated, large spacecraft models in =
simulated envirbnment. Combine this with Elden's com-
meft on déveloping a model to predict your performance.
Then, you might be able to handle how to design the whole
system without Havirgd arlomaliés, The last point is that
operational satellites, hopefully, will be cafrylrig monitors
in one form or another. We rieed space data. We deed
something to tell what Is goitig on in the spacecraft In
responde to the environmént. With these things together,
hopefully, you can build yoursélf a spacecraft that would
survive, without anomalies, il the space erviroament in
which it MUSt opérate,

A. Rosedi Bill Lehn on Matertal Research.
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As you have hzatd in the presentations in the Materials
Development session, materials rescdreh end development
is underway add néw and modified matertals are being
developed under these programa for constdération and
application by the spatecraft comthunity in the design and
construction of spacecraft. There is available right row
the new fabri¢ thermal control enating type material which
your have heard discussed. | feel that the application of
this material offers an excelient opportunity to alleviaig,
at least in part, the problems of designing around sonté of
the major spacecraft areing problems resulting ffom
dielasctrie multilayer blankets add solar array substrates.
The other materials being developed, the modified poly-.
merics, aird others are a little lodger range befo-e success-
ful application will be realized, So, at least for the immed-
iate future, the desigrers are going io have to use the
materials that are currehtly availablée and design, build
and test the varloud spacecraft systems with these mate-
rials, Hopefully, the other matesials solutions to reduced
surfdce potéritidls in addition to reduced arecing will be
fortheoming, Thede materials solvtions, thougx, will re-
quire the combined eoordinated technical efforts and iriputs
of not only the éngineéring simulation and ¢haractérization
group but all of the results of the clagsical or materials
properties group béing inputted to the materials program.
Hopelully, by this coniblnation of efforts, materials solu-
tions will be forthcoming, Some of these aré lshger range
but will lead to useful materials. Reducing the overall
surface potential of a spatecraft to low values, (v not a
shbrt term but rather a longe¢ rénge nroblem, It is not
quite as simple ad modeling as some of the other problem
areas.

Stu Bower on Spacecraft Testing

Both John Stevens and Miké Sellen have made some com-
ments on the subject. 1 guéss a littié dissetiston is a good
thing at @ meeting like this, so I thirik il furhisk & little,
| agree w - on test{tig by small dischatgés along
cables com! e with afidlysis to evaluate what your deeds
are datid how to use this as a désign tool in the early stages
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of the satelilte design. On the other hand, I back offa
little from Mike's thought where he wnnts to tent in the
ambient envirenmcnt, Perhaps testing a full satellife in a
vacudm chamber wtth a plasma source i a highly desirable
thing froma rescarch standpoint and to determ.ihe how this
corresponds to what you can do with less expcnsive, less
time consuming test such as simulated discharges, | sort
ot Peel in the 1ong run that it may nol be necessary to use
such ah elaborate test on 811 spacecraft as a valldation
test. You can learn from this and ultimately we should be
able to apply this knowledge and cut the test down to some-
thing less ¢xpersive and less time consuming. Regarding
the thought that you can never get an adequate test unless
you test in the actual environment, | would like to make
mention of the fact that this is very rarely done in any kind
of system, aerospace or otherwise. You depend on simu-
lation test, for example, in survivability of a satellite,

We do not test them in underground tests nor do wé test
them Inspace., We do this éntirely wtth simulation. It
takes a certair amount of reszarch and thought before you
are satisfied that you have an adequate way of doing this
and you usually in¢orporatt some sufety factor to give you
confidence. Just one more comment along this line.
Earlier this morning, one of thé RCA people was talking to
me and pointing out that they have two synchronous satel-
lites up: oue has beén up lor almost a year and the other
has been up for a dumber oi months. These satellites
were designec with no provisions for spacecraft charging,
Nothing was dotie about that. They simply designed them,
on what they thought were gbod design practices for those
satellites. They have nn evidence of a#y upset from space-
craft chargihg In their eléctronics at thts point in time, and
the evidence of dischatges neeurring in the solar arrays,
comitig down through the boom, are very mihimal, Those
that they have had, amount to just a few amperes, perhaps
5 ampeéres, whill. (s certainly véry small dtscharges com-
ing down through there, The principal reason | bring thts
up is | gueds lhat | want to make sure that we don't go for
an overkill here. Maybe they just plain lucked out on this
thing. But in guestioning them a little bit, they had a
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threg-axis stabillzed satéllite with tho apacecraflt hody a
fairly good Faraday cage, and | suspect also their signal
lihes normally were coax cahbles, They were getting 1f
protestion from two soureces, And the point ts, if you can
without any effort and research end all the other fine things,
design spacecraf that wtll operate In this environment
wtthout discharges, | thtnk we will have to be a little pran-
tical about it, Along this same Hnc, of course, ATS 6 is
relattvely fret?of anomalies of this source. Granted, they
went to some rather extensive steps for rf shielding,

I am glad that someone came up with something that repre-
sents some degree of controversy, especially here in the
area of overkilling the problem. We have on the pane!,
mermbérs who are a little bit closer to the manacement of
spacecraft systems. | want to ask these members of the
panel to comment and also ask questions of other panel
members. The question, as | see it is what is the correct
response to the point that Stu Bower raised. Now do we
achieve any degree of standardization so that we can address
thé problem in a sensible way. | would like the persotis
who are closer to management to cornmént on this. Do we
need Committees? Should the managers theniselves partic-
ipate id the program, To open this thing up, 1 will ask
Bob Lovell, Maury Bunn, Charlie Pike, and Meryl Minges
to comment on these points, Let's start with Maury Bunn.

Having just come out of a program office, | think it is quite
important that we include the managers of program sys-
tems, | spenttwo years on the DSCS program trying to

get them to fly monitors and | was not successful. I think
if they had been at this symposium, it might have been
edsivr to cohvince them that these thin,? do exist and we
have got to design the systems to withstand or be insensi-
tive, or not to respond to these effects. | guess | would
like to say that we should definitely tnclude the management
from the Program offices, the Alr Force, in particular
and | would assume that in the ¢iviliar COMSAT community,
it would hold also.
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A. Rosen

R. Lovell

Alang tho line of what Mnury has jvat safd, 1 hnve actually
been working with Mnury Pur a number of years in thi-
arca, If genbral, there certainly i3 n groat reluetanco to
fly monitors ahd the prevailing philosophy hon been the
quick fix, Ultimately what will rosult from our work nnd

| Peel what we really turn into the operational community
has to be something rather boiled down. If our reults Nrc
in a very complox foshion, by the time they get into the
working community, our results could be lost, Unless
our results are in a very handy form, we really would have
missed a Int of our goal, So along the lide of quick fixes,
recommendations should be to the point, but of course
hased on a lot of good engineerihg and setentific research.

Bob Lovell for comments., Do you have nny questions9

| guess | am answering the question Or commenting on the
question or: how do we coordiriate our activtties. Is that
right? okay. | don't know how mahy of you know about the
joint programs that the Air Force and NASA have. There
is a ptece oF paper out that was published in the open
Mterature, This basically describes what several of us
here worked on and together it is what we call a rosd mag.
1t ldays out our plan of attack oh this proolem, Part of the
road map calla tor a sort of a Steering Group. Again dome
of the same people or most of us here are on that Steering
Group. It was described at the AGU meeting last June 18
and its title ""Spacecraft Charging Investigations. A Joint
Research and Technology Program.™ 1It's a piece of paper
like that.

By the way | ought to mention that it's also published in

AlAA as Progress in Astronautics and Aerohautics Series
Publicatich, Vol, 47 "Spacecraft Charging by Magnétospheric
Plasmas. "

My point is that-we are trylfig to coordtnate this with every-
one, The users, the people who need thts information, and
so we have a Steering Croup. The Steering Group has set
up working groups. These working groups are identified.

I guess we are the only ones who know thelr names right
now; but basteally they are tho people you have heard talk
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and they fit into the five elements that we have broken up
the problem inilt, The definition of the environment, is
chaired by Lt. Hank Garrett. Modeling which is cochaired
by Al Rubin, ana Carolyn Purvis. And vo on, Sowe have
these groups of people, What | encourage you to do is get
better acquainted -with the working groups. Now we have
asked them to go out and consult, not odly with the Air
Force and NASA peaple, but the university peoplé and
industry that is woriing on this problem arid making the
contributions and als»> the European comrmunities. 1 would
encolirage you to cortact them. If you have some thoughts
and if you think that this effort is nbt goiny the way it should
be or should receive different emphasis, contact those
people, because we are looking to them Io give us planning
direction arid we are trying to ge* the resources and try to
make sure this whole tiiag keeps going. We on the Steer-
ing Group all keep talking to each other, but we are really
looking toward the working groups So | guess my answer
is that we are trying to coordinate it that way and maybe
now | have told you that the groups exists, you can contact
them and gét your inputs in.

Merrill Minges oh Materials Development.

From the material development view, | am both encouraged
and discouraged by what | have heard the last three days.
Encouraged in the sense that we are learnihg a lot of new
things about materials, but ltke the planetary probe work,
for each question we answer in the process of testing we
ralse two new questions. This situation develops from
what Mike Sellén was saying abotit the multiplicity of param-
eters that must bé at least considered if not actually intro-
duced in experimentally évaluating and characterizing the
Materials for spacecraft use. Thus, | would ask the
question of either the people whe develop the materials and
rufi theé tests on them, the eharacterization tests, or the
spacecraft designers: "Can we come up with an agreed
upon list of parameters and evaluations that we ought to be
conducviag on materials to assure dependable system
design?"" Cah we stahdardize on the tests that we should
be performing so that they will be reasonably complete in
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¢ physical principal sense, But not get into overkill In
terms of time and resourtes requiréds Another issue
relates to the {evel of materials developriegnt funding,
becduse I feel we are somewhat out on a limb in developing
electrically eonducilve matertals for spaceeraft systems.
The furiding is very marginal in my view relative to the
risk associated With the developments. | think that con-
ductive paints is one typical example. I don’t feel in the
near term that we arb gbing to get a conductive satellite
paint that has anywhere near the desirable thérrhal cortrol
charadteristics that we would like. We can always find a
conductive black paint ur a green one but you pay for that
in terms of the heat load you pbt into the satellite because
these aré not optimized in thermal control terms for
example. In bur Air Farce interagency deliberations with
NASA over the past number of years, the net result is that
NASA-is lobking toward the Air Force to put most of the
funds into materials devélopmedt, Well, we have rc.ponded
positively, but it is a modest sum, overall. Further, in
asseéssing what is gbiag oh in Europe it is My opinion that
there is very little materials development.worh there,
although we are looking more closély, So again, | feel
that we have only a modest amount of funding corsidering
the magnitude of the problem, and I hope that this funding
in materials develbpment isn’t swamped by the complexi=-
ties of the testing data that is required.

I would like to open the discussion so that panel members
could ask other panel members questions first before open-
ing it up to the audience, Charlie! Pike had a question that
was directed to Eldon Whipple.

In your comments with regard to requirements for a model
for SCATHA, to what level of geometrical detail do you
feel we should go intb to accurately imodel the spacecraft
confliguration, What 1&vel of nidtliematical detatl is
required, im your opinfon, for this modeliig,

well, | haver't really thought about that. | giess my
intuttive feeling is that, as you ktiow, SCATHA i e very
complicited satellile, It has lots of Booms, a very long
diiteritia for measuring electric flelds, several shorter
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bosmig for measuring sheath arid spacédrart related élecs
tri¢ flelds, and a wagnetometes Boom, | think that we
should-have soniething that ls realigtic ensugh, that the
rough surface features &re represented. It should have
bosrag 1 Some crude sense, the atiténna, the magtieto-
meter boom and It should &lso ¢imulate the surface, the
groas surhce properties. You know where thére are
insulatérs and shbuld represent with an insulating mbdel
and, where it id conducting, witli a conducting niodel. Nut
in the centimeter scale perhaps, but certalnly on the ten
céntimetér scale.

I have a question appropriate to this topic. During this
conference We heard models described thal ran the whole
gamut fromt simple circults, lumped circuits, to very ele-
gant three-dtmedsibnal, dytiamical computer ¢odes that
simulate the trajectories of particles esming in. Are the
simple Models at all valuable> They are mueh éasier th
operate at this timie and very easy tb dis¢uss afid analyze
and know what you are getting. Are they worthless? What
is your feeling abbut s{mple models at this time?

Well, 1 think simple models are wvery valuable, They serve
tb illustrate the basle physleal nrocésses that are gsing on.
They sérve to ¢liminate processes that ars tiot there and
help you to get at the right ones and in the wbrk that | have
doné in the past where 1 have had tc worry abbut low energy
particle measurermetits, it has always surpeised me how
well a very crude model can describe the data. Fotr exam-
ple, 1showed a slide inmy talk where | had electrbn
ctirrent as a fusictlon of voltage. Well, | used the Debye
potentidl to mbdel the potential d{stribution around the
sphere. We know that Is rist an acecurate solut{on, but it

fit the dats extremely well. And lookirg bhck on it after
we did it, I|think we Can éxplalsn why, But certainly the
very siniple represéntations, 1 think, canbe very useful
and surprisingly good in those cases,

Elden, in considerinig the SCATHA vehicle, in part{cular,
to get a first order effect approximation, let's say, what

éffects do you think wé ecdld assume awdy s | see; that we
Have to riin the simiple models to try to get to the {fiterral
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response of the system, And l.also think tha: We hayg to
do some extensive in depth modeling so that the experimen-
ters will kaow what i3 going on in that sheath region, The
problem is that it is going to happen in reverse, 1f you
have the all-up modeling to show you which were 2nd and
3rd order effects, then you tould go into the simple model-
ing and db it right. Is there a way of coming up with the
2nd or 3rd order effect without the all-up modeling so that
the simple modelihg can be conducted sow when you need
it? And then have the all-up sheath modeling, what you
call 3-D modellng, continue in the future.

I am not sure I understand completely what you are asking,
but 1 think what | have in mind is, first ot all, when SCATHA
goes up, Joe Fennel for example, is going to have his
booms out there to measure the sheath fields. Well, |
think the zero order thing we need is the geometry. That
sort of determines the gross features of the electric field
pattern. Now we need the geometry arid we would deed the
surface properties, | think that kind of a 3-D model, you
know have 3-dimetnisions with real geometry but negléct
spaee charge and don't worry abbut effects of photoeraission
oh the sheath or even effects of the plasma, the environ-
mental plasma, on the sheath. | think that will probably
give a pretty good representation of gross electric field
configuration, Now, We are not, | don't think, ewven at that
point yet. VM may be close to it because if you neglect
space charge it reduces to just solving Poisson's prbblem
for complicated geometry and that shouldn't be too hard to
do, Arid the next step would be to put in the particles and
merely see where they go, to track them from their source
through the system ard then back out agali or to wherever
they go. And that will give you a feeling for the look angles
for the instruments. You know, what are they séelng when
they look ifito a certain direction. And that is the first
question that experimenters wtll start Asking; when they
see particles, they Want to know what it is that they are
seélrig, Are they photoelectrons, are they environmental
electrons, where have they been accelerated» And that
kind of question you should be able to answer with this kind
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of a simple, simple in the sense that it.is not self consis-

tent, but complicated in the sense that it really represénts
the geometry. But we knob how to solve that sort of prob-
lemt, Does that answe# your question?

Yes. | have just been tryitig to get a handle an how we go
about this whole mbdblihg technique, and the way that | see
it is probably about what you described where we take a
relatively simple model to find out how the vehicle is going
to respond, as soon as possible, Some ground tests should
theh be performed in brder to understand it more when it
gets into orbit and to verify this model, and then to continue
in the more complicated modeling for the experimenters.

Yes, | guess one thing that I should add here. My view-
point, 1 thihk, probably represents pretty much those of
the experimenters where we are more interested in the
science of what is going on around the vehigle ard nbt ta
first order in anomalies in thie spacecraft. Although if
sbmething happens, we are going to be very interested.
But the kind of modeling that | described may not suffice
for getting at when discharges wbuld cecur. $So that may
fot bé sufficient for what you watit eventually, brit | think
that id what the experimenters want to analyze their data.

I'll recognize Bob Lovell at this point. Did you want ta
ask a question?

! wotild just like to say somethitig and gét everyone's
response here. When we ask a question about how much is
encdugh in anyone of these areas, whether it is modeling,
materials development or whatever, | would like to thihk
of the spacecrull charging problem in terms of how it
manifested itself. There are four- levels that | see. The
first thing that we se¢ is EMI, And thdt is an immediate
problem &nd | thihk one that is on the top of the pile. That
is the first thtng that we have to handle, The néext s mate-
rial degradation. You might recall from some of the talks
that some of the material does gét destroyed and for some
mission we would see some thermal problems and I thitk
that is the next level, The third level ts what | would call
cotitarniriation, After you solie the othet two, you might
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be worrled about what comes back Lo the satellite and fouls
Up your optical surfdeés or that sort of thing, Finally, the
selerite, The people whu want to dd scierice milgsions mby
require very sophisticated models and precise control.
When we are warking on this problem, that is the priority
that | perceive and I hope we Have agreed on the priority
here. | Would like sbme feedback on it. We have tc start
at the top of that and go dbwn. NOw when we introduced the
SCATHA in bur program, which is a big investment and a
necessary step, that may require that you get very sophis-
ticated to get everything out of SCATHA that you need so
that-you ban come batk around and have those andsviers,

E. Whipple..__._......It bothers me a little that you gut sciénce at the bcttom of
those four levels. | think maybe that your point is that
spacecraft has to survive before we can do the se¢ience, and
that is fair efough,

R. Lovell ! think that our customérs out there in the world are mostly
operational people these days, arid they're the vnes naving
the problems.

S. Sower Oné might put it a different way and | think we must bé a
little bit caréeful. Among thé contractsrs and the people
who design these thlfigs, there is a heck of a lot :..ore man-
power there than there is here. That is, a lot rhore con-
centrated manpower who are clbser to the problem., They
are going to come up with some fairly clever sclutions once
they see what thé basic situation is. They'll ccme up with
some rather sinmiple fixes for some of .these things that
won't réquire a lot of scierdce and we'll cbme along later
with a Ibt of seience and by the time wWe do, there will be
fixes that people will be using in geheral. Aloag the sanie
line Bwould l1iké to make the comment that régardléss of
what dany group such as this does id comitig our: with spec-
ifications or requirements, the individual progidam offices
wtll make the decisions. We wtll not dictate to them. Their
life is totdlly one of making decisiotis add tradeoffs, The
first qiiestion that they're going to ask on any of this stuff
is what does it weigh, what is the cost, arid what is the
scheduling impaet? The next question they are going to
ask is what are my alternatives, and they are gotng to
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insist on alternatives, The next question is golng to be
what {f I doni't do ariythiig, what do | lose» And oh the
basls of that they may tell us to drop dewd, they are rot
golng to do anything, In Pact, this has hapnened in the paat,
I hate to be so brutal and so practical, but this is the way
programs run.

I want to amplify a little bit on my initial cormmment id
regards to what is ultimately turned over to the program
offices and the contractof community. The re:ult should
be ih a simple and boiled down form; but riot at the expense
of some very fine scientific resesrch which is something
that we really don't want to lose sight of. The problem is,
from a physics and ergineering point-of-view, extremely
complex. THe community that is working this problem
must keep in their mind that the ultimate product must be
something in a useful form., It'd & comment | made earlier
and | make again.

I would like to put in perspective some of the comments that
have been made. We are opérating on a variety of levels
aiid | feel With Elden that science should not be at the bottom
of the pile. On the othef hand, in many cases we are taik-
ing abbut spacecraft that have objectives that are nonscien-
tific, yet we are looking to these spacecraft to carry environ-
mental monitors, to do scienti'ic ahalysis, There is no
qguestion that a Lot of wotk has to be done in the scientific
areas; hawever, programs 3ith nonsctentific objectives are
ot interested in the science per se, They are interested in
design fixes accomplished in the simplest possible way with
the least expenditure of miwvney., The thing that we cah do

as sciéntists is come up with methods of doing Ihese things
ecohomically, artd efficiently, From their point of view,
our greatest sérvice .would bé to find methods of giving them
thé necessary assurahce of the integrity of their design and
have them do nothirg, | would like to open this discussion
up to the roor,

Obviously, the purpose il thls conference is to design or
come up with some sort of specification to design spacecraft
to. The modeling, the materials development, all these
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things are means to an end as far as the spacecraft com-
imunity in convernéd, although the seientifi¢ community
may cotsider {t an énd ir jtsélf, We hdveé been gtven some
data by Dr, Gore Which shows that paying atténtion to de-
tails Of signtl conditioning ON & spacecralt which is other-
wise qutte dtrty frbm a charging point of view can, in fact,
alleviate most of the probléshs and | would like to ask Stu
Bower What is his oplnion after seeing all the material
presented the last three days. What is the possibility of
sitting down right now and writihg a specification that would
have a high probability of producing a spacecraft that would
not go bump in the night»

| think there is a pretty gobd probability with one exception,
which { mentioned this mortling when | was taking; namely,
the concern that | Have for haw large an area will discharge
at once. Although there are some reasons for believing
that it is not going to be the whole surface, there is no rig-
orous proof available obviously. This causes some concern.
We have a handle on abbut how large an area; if we had a
better handle oh the size of the pulse, 1 think the probability
id pretty good and it is based on two things. We can basic-
ally identify the characteristics of the discharges that take
place and where they would take place. Secbndly, the cori-
tractors who are designing the satellite have access, in
general, to the kinds of infofmation generated from the
work that NASA Lewis has done and the design handbook
which they are working on.  So they have a clue and a
starting point and then beyohd that it is based on the fact
that the designers themselves are fairly sharp people who
know their systems, and given the bask circumstance are
quite capable of desigtunig arourid these problems. They
have been doing it for years.

May | =5k & questton? | guess this should be addressed to
Gob Lovell br John Stevens. Thts represents a discussion
iri that hall, I think yesterday, commentltig an the fact that
it appears, for example, in ATS 5 and 6; rs far ds we
know, we have had nc anomalies, And | thihk the NASA
spececraft have not experienced as many anomaltes ih this
environment as some of the other on=<, and | know tha:
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Bob and John began to look into that. | think ,.. well let
get gheak for thomselves, | am just interested if they
hdve any comimetits as to why that might be so.

Let mc just say something and let John finish it up, About
a year and one-haif ago, John, Stu Bower and myself,
travelled arotind to industry and we asked some questions.
g€t do you build your.satellite?> And we picked out seclec-
tively some compasilas that we knew who had satellites up
that were not having problems and some *hat did. We did
not, systematically, put that information together and
follow through on it. \We are délinquerit in that. That is,

it is our intent to rectify that, to do that and get that infor-
matioh out. | think, in terms of conclusions, at that time,
the ONeS 1remember are the same things | heard today, If
you pay attention to groundlng and shielding, and you do a
good job, whatever that really means, then you are not
going to have trouble. .l am not stire tnat we see that. The
biggest doubt in my mind is associated with CTS, When we
were working on CTS, we concluded that if we did ali those
good things it would b& heavy like a brick house, C7TS was
a very light weight, relatively opeti spacecraft, | don't
krow what Vic &=t has to say about it, | think he said a
couple of anomalies, but I really don't think we have space-
craft charging anomalies on CTS,

As a result of the tour that we took through the aerospace
industry, it became evident to us, that thé satellites that
were experiencing aromalies Were thé ones that used com-
puter level logle and stored commands. .Those satellites
that get building in the possible source of anomalies,
because the satellite is configured such that any upset

would start a whole series of commands. The NASA satel-
lites, the ATS 5 and 6 and the SMS satellites were basically
controlled from the ground, There was really very little
that could get them into trohble. The SMS used latching
relays. The ATS 6 depressed the logic levels so that it
took something like a 15 volt spike to get the logic to change
state. ThiS is in addition, of course, to SMs and ATS 6's
Faraday cege, and the shielded wire, Stu Bower's com-
ment et the time was that opérational satellites didn't hnve
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large welght margins and you probably couldnit do &very-
thitig that Was done for the NASA satellites, Exactly how
much was really required we were never able to figure out.

In regard @ your referefice to my remark, We could not
afford the weight of rf shieldirg which was done on ATS 6,
Now of course that was done because the body of the satel-
liti?, all the pofarafice sit right in the main antenna
beam and the concern was with the upsets from the thnin
antenna beam. The fixes that e handled by logic design
referefice add no weight to the program as | mentioned
this morning, e did go back and redesign a satellite
which is a very undesirable thing to do, We want to do it
in first place.

nit Coldstein had a queéstion, Do you still have it? It was
arswered, Okay.

One sort of thing when.I'm sittihg around where anomalies
are being discussed is the scrt of frustratidg feeling you
have with very little amount of data on what actually goes
on in the reférefict You have a few terminals that give
you umbers and at that stage you finally can defihe
whether you have an anomaly or not just on the basis of the
itfformation you get off of that. And i keeping the bird on
thb air and havihg it do its appointed thing, which is trans-
mitting messages or sométhing like that, it is the primary
function of the mission, thed you e very well say, hey we
might already be there. The ouly other thing, of course,
is saylng that we don't rcaily know what is happening on the
surfude of thé spacecraft except those things that happen at
the nitrett you have the citcuits on, And if you look into the
science, you can say, was your science anomalous? Well
if vou happen to know what the ambient particles in space
were at that moment, and know that your instruments were
turning out a refeérefice result, theh yes you have got an
anomaiy. But there ¢ no way of knowing directly in that
ciréumstance whether it was anomalous or not, You have
cnly the data from your terminals. And | think this forms
one ofthe bases. | would like to come back to something
We talked about later. This is one of the places where you
gel pérspéective. Arid a leboratory allows you to have some
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commiand over the pardameéters that you aré imposing on
this A And w ap thidg, QP (ts limited dlaghiostics
that &xist on the sgacecralt 6r a madel of w gpaéctaft,
doesn't tell you the XaP» tiings, then you krow you have
got an dnomaly, Add most of the {ifhe you just aimply
don't have that MLm= It is very easy to take a small
model of the spacecrak and put it in and have a sensor give
you the ©aE>» wag> for 15 different condltions, but it
gives only one ap of reading, and you cafi twist it around
all over the place, And that is valuable id tertis of what
we #eally know about what's happening on the spaceerait,
We know a very limited amount, My W= is true in
the other way. | thtnk half the loading you charge to partikle
data is wrotig and the other half & questionable. What &
very difficult for some poor devil Who QP sperit QP years
on the instrument, you know, is to say that. It shows up
up the JGR.

I have three = 3= to make. Flrst of all ¥ thiak that
the entlre situation that we g been discussing this week
is w classle result of ML = Basic science. ¥ think that
is something that ought th be obvious to everyoneé who is
Here, but I think there are still w lot of people who dontt
Itke to hear that kind of thing. About ten years ap it
bécame very diffieult for people to talk anybody ints hang-
ing particle dnd field ™= = oh satéllites, Arid |
think the total cost of what has happened may very well be
greater than the money that was saved at the time, That is
my first commient, My second commeént is in regard to
MR P> rmodels. As the proposer of either the only two-
dimensional numer{cal Model that has been discussed, or
otie of the bnly two (X am not sur& whether Lee Parker
would refer to his model up "two-diménsional"), | wart to
talk about thé impottarnce of ™™= TE—3= models.
VAP> have been e lot of ™ —m. JE— rrodels afid there
is avery impréssive ™i—mm_ E—» model that has been
desceriled, A ™i—m JWE—= inodél is the simplest model
that you cad thtnk of, Which ts goitig to gtve you the bask
feature of thts LA F» ahd that s the “i_= = between
QP> and shaded areas. s JE— models can't do
it, and "™ JE— models are more elaborate then
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you need, lo do that.  So | think that two-dimensional
models will we aut to we extrémely Important in getting
at a lot we the basic physics that is ihvclved in this problem.
Finally, | would we e make an analogy to a situation in
aircraft design. Now, when someone rolls 3 new airplane
out of the hangar, you already swe it is going tu fly,
furthdrmore you know vxactly how it is going to fly. You
probably have got a simulator built and trained pilots
already, That's because there are computet codes for
simulatifig the pérformarice Wé that 4ikr == at all levels
e 4% =& There are many, they overlap. There are
sdme simple ones that illustrate bask phenomena and
there ure some complicated ones that give you three (y g
nificant digits or more. 1 thtnk that weé cr twenty years
Wwe now, Hopafully that will be the situation in the design
of % g =& spacecraft. There will be codes available
that wlll give you that kind of confidence,.

Lee,. do you want to commerit i

Well, the model that | showed Weé an B-Z géometry, It
could be called M IR~ «ge=i ¢ you add up a!l the
veloelty acid W g =i dimensions, or 2-dimensional
if you plotted in R-Z space.

I would Itke to comment just a little bit on the very first
sentence you made. | don't think that basic physics has
been neglected. (k@ ¥ knew these things were charged up
in 1967. The people at Lockheed we I wrote a lettér to the
ATS project office and we quoted things all the way back to
1924 which showed that they would charge up, And they do
charge up, We have th. author up here, Rejean Crard, who
sponsored a similar WRgr =& | thihk back tn 1971, who
Ly & a book, this one very wwe book, The stuff has beeh
around We a long time. 1 don't think itfs neglected basic
physics. | tnirik e neglected anthropology. That kind of
problem,

Okay, but I think you'll probably agiree that we cases where
anomaltes occur, there are hardly any cases where there
is thstr. nentation on the same spacecraft to see what the
envtronment wiwe
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| think everyone {8 & frignd to tho computér and there 15 no
doubt but what i¢'s going, you know, to incréase productly-
ity add do a variély of things, What | think niight ¥ impor-
tant to keep th mind though about % Wk deésignhed
alrplang as W s the computer designed spacecraft, that
as far as ,,, if we W Into avaiation history there W
those occasional brushes wtth réeality and 1 can thtnk of
three, but I am sure there are morg: whtch was the rétre-
fit of W Electra wing, the landing speed and angle of attack
of 727 and the D€-10 baggage door. B of which, I am
sure, you know, were not picked up it the computer. |
thtnk we "= golug to find quite a bit more as we go through
there. Clearly, people will make use¢ of analysis. what |
was trying to argue for was some kind of check on open

loop analysis, It, literally, W fasecinated with, you know,
the complexity and brilliance w its codes and sort of goes
open loop without an experiment.

~ BB Stadler, you want to make a comment and possibly
“HB some charts?

Let w ask a question in the light of the prévious commants,
"B hopefully niot to produce any emotionalism. Let us put
onthe ~ ™ satellite program managéris hat and
ask what can be gained by knowing the . \What
advatitage is thare to him in putting sensors on the space-

craft? W can we motivate program managers to add
sensors?

3o you want me to ahswer that?
No, anybody in the rosm?

| gness it {s @ matter of what ode thinks is going to W
money. And | Have a feeling that knowing what is going on,
is the best way to save mofiey ift the loflg run.

Lobk, | knew that sotiiethifig upset-inducing was going on.

Yes, W youdon't know what the eaviroriment was. And if
a problem occurred and you don't know what the environ-
mefrit was, W it is very difficult to design a spacecraft in
the future that isn't going to have that problem.
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Let's redueb it to something reasonable, Tho ktnd of
station that sulisi talking nbout are those which you cnr
possibly convinee somebedy to fly ww an operational com-
munications statiori Are you giation nbout a station of
5 volts LN @ siation Of less than half « cubic sutei?  Whnb ean
you really tell about the envirenment with those small
Sensors

Well, obviously there are going to be different kinds of
spdacecraft with swtion Or less elaborate sehsors..

Can | address this, just 2 minute? Let's: assume suhor
your spacecraft doesn't exist in a vacuum. lL.et's assume
that guies NAve got this little tiing that you've put on there,
a noise sensor, maybe a simple Faraday cup, and then
suppose you have a contifuing program of monitorihg the
environment. Then | would say, you've got it. If you've
just g your simple, you khow, half a kilogram, 10 bits
per second soinethihg or other and don't know anything
else about the sva¥tor maybe you're tryidg to corre-
late with a ground base station or somiethidg, Then, |
agree, you're going to get very little information. Eternal
vigilence s the price of liberty. That is what we have got
to have. We've got to kiiow what is going s up there. |
am saying the million and one-hall dollar type piasma
aralyzer, you don't need oh everything. Okay? But ycu
should have one somewhere. Doing something, And may-
be cheaper. | don't know. But you should have something
up there all the time. And if you have very, very simple
holsé motiitors, plasma type things, on the vehicle itself,
which is betng effected. And then I think we can apply
physics. SCATHA and swation both have good instruments.

I would give you the answer to that question. If you put a
simple sensor on, like the ones that were discussed here
today, and if you are project manager, then | would tell g
the reason you should put it on it vou don't care at all about
helping the selence communtty is tha* when you have an
anomaly on your spacecraft, you'll slave vourself some
money in your failure station activities, A very station
point because we have seen it. Dr. Gore mentioned I,
maybe you didn't catch it today. Whenever there Is a
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problem on CTS, dré very ftrst place they g is the trans-
tent effect counter and say "What Happened?' So, it'll
are you money and it's useful to help explain to §pe boss
why something fouled up.

I would like to support thls.
Is it worth half a million dollars ?

No, | don't think it is worth 4 &% 3~ & dollars. What
questionam I R F~&

How much mioriey are are goirg tb save agatinst the cost of
the machine?

Well, the instrument is simple, which I thought His question
was. He is shaking his head, yes, and Z2 ™ & ro. ..

When you have to make changes to an existing system,
including the changes in software, telemetry, all the other
stutf, it is-about a & xr*€ change on a military system,
before you start. Now you add $5K instrument on thp of it.
It costs you A€ Now hot are you going to save money?

I would like to answer that questiofi. 1 think I can answer
that question by trying to explain the coinmercial environ-
ment tor satellites. 1 guess there are abbut ten comrmier-
clal satellites inh the =5y &= altitude and these
companies plan to be there. These infssions were all
seven to eight years. If you could put a means of detecting
or trying to correlate an anomalous ofiboard catastrophic
failure, okay, against something that is induced by the
environment or something else that is related to the space-
craft charging, which » are the £ ™ &> fallure which
gives you only a three year bird; gpre have lost six years,
or you have lost four years of & y*& at two million
dollars a channel, twenty-four chanréls, That is a lot of
money. Versus a 205 thousatid dollar saving. This is from
acommercial 2 F*¢&

The a&re answer you need to give and what you care about
In these &4 =& systems is the fact that you have
bird 4re there operatirg, &re if you convince people that by
putting on a sensor, you are going to be able to solve these
probleins faster, so thet you have lotiger life satellites,
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they will s those sensors. Just to get data, ifumi won't
i them.

Well, | think thut &= another problem. | thihk a problem
here, too, is if ysu look at these énvironmental efvlronmental
there {s a budget, avery competitive atmosphere, i if
you Ibok at the people in the éiylronmentsl COMSAT, Western
Union, RCA, the ésvironmental wvell 1 guess the Canadians
really don't #lms much éfvironmerntal but their type programs,
tWO il étivironmental theSe wmsu heavy insentives on sy con-
tractor to deliver in two years, We don't have this luxury
of runiting all these test programs we would like to s and
then agaih = you do go up and you are niaybe lucky, like
RCA is, in not having anomalies at sy try to go back and
convince management to fly on the third, on F-3 and F-4,
fly & monitor on there. It is & difficult thing to do = this
point,

It eleommentst tO s that we are putting the cart befbre the horse
4 little bit. #hwi have been talking about flying sensors to
fird out why we wlkmsi anomalies. And really What we want
to do is be able to avoid anomalies in the i place. Now,
if you have a sensor that just tells you that you had anom-
alies, afld maybe corrslates it with something in the
étivironmental that is fine for ahalyzing what has happened,
but élnmetsl your spacecraft is dead by ther. iinmi hopefully
by flying someé of these éfivironmertal sensors s can

find something out in the envirotiment that is a précursor
for what gaus#&s the problem. Sherman DéForest has shown
that thesé injection events Correlate #hwwi & high charging
gtatés of the spacecraft. It think it is very likely that these
injectlbh events! that happen in the énvironmental are pre-
figured s éfivironmental by some kind & éfvironmental
wave. And if we could tdentity such a thing and use that as
a warning signal, that would really be valuable. Thed #zs
could shut dawn the satellite, wait #inmil the evert is over,
and then go back s again.

| would #iwi to amplify on that aiid say that {Ff édomensl there

is o sighature ~1I see a representative from s Air Wedther
Service litre, Capt. Halcrow - if there is a firm gfylronmental
étivironmental #w=4 monitoring, and if there is, iideed, an
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T3k =% gj 3 as which ong could =3k == mon-
g3 then that ds sontethirg that really falls Within the Atr
Weather &3k == g =3 of résponsibility,

| think I would like ti, offer another answer to Ed Smith's
question ds to how you justify that $205K. On the DSCS
prbgram duririg a 2 gi 3 period, we spentabout Ek S g s
studying anornalles that we were =3k <= And that
doesn't account for the cost of the fixes after we decided
what we were going to fix.

Capt. Bunn, with due respect, | want to say that the amount
that was spent wad well in excess of $200K,

Thank giss That just réinforces my ..a

It does» Because tlie amount that és actually spent in-
volyes a team of over fifty people who traced various
aspects of the anomalies. | would guess that in terms of
thé four or five andmaliés studies that | was able to observe,
the amount spent was much ¢laser th two tb eight nifllion
dollars, The amount that @s spent in our grbup along,

as that is just the analysis g s to study the énviron=
mént to try to pili down the phenomena and try to get

£ == DetForest and anybody else involved in this, as
well in excess g3 &k =3

I guess | would still like to @s monitor:: on those! birda
right now &s | have been trying, kut it is difficult, as
Peté khows,

Wouldn't it be =3k ==& for this g =3 (o consolidate
these arguments and try to present, as one of the results
of this £33k == ¢ =3k ==% Vith =3k ===
arguments, that we should fly =& == on each military
satellite and/or commerclal satellite. Weouldn't that be
helpful at this £ &3

| think that is a g8 idea and I think we should take it as
att action itetn for the! g2k == Group, U think that is a
good idéa,

I go along with that gk
We: will @3 that.
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You have my g=<>iws gz also.

THe concept Is that millions of dollar's are being program-
meéd insuring a couple of spacecraft from failure. it seems
ridiculous rot t0 put a couple hundred thousand dollars into
on board monitoring, which has practically the same prob-
ability of failure these days. The other thing is that looking
at'some of the massive data, you can see the onslought of
these substorms in time to warn people to get ot the stick,
something is going to happen. Is it ping to happen or is it
not, even if you have ten minute warning. If you know what
to look. fur, you can prepare for it most of th ‘ime. You
cari take care of it. It.issimple insurance,

It is a bit of a ¢chatige in topic but earlier oh the first day
wing talked about active control, eleetron emitters on ATS 5,
G and there will wiy some on SCATHA.. How do the program
peopie fee! about putting active cbntrol on their satellite»

I guess from my standpoint | really cantt answer that
Eoin g going wing find out what happens o the SCATHA
bird with the active controls on that.

Hob, wou'd you goig to try that alsb frbm the NASA point
of view 2

Well, NASA's satellites are more in the science category.
I think there is niot any doubt that there is & desire to re-
duce the potential to very low levels and that will probably
take an active control device, I am not sure what kind
that will le.  In our program that I talked about earlier,
we had layed out a fairly clear path to g&t there where the
development of passive (mainly materials) and active con-
trol devices (things goitg shinning light bulbs, squirting out
electrons and whatever) will be investigated. It is down
stream because ging need the kind of going that the modelers
and the envirodmental people are doing before you can
bagin to really evaluate.

f.et winz add something here. If you can't get the operational
systems to put a going mornitor on, you're not going to get
them to put on an active electron gun vr whatever. 1 think
It has to be flown experimentally which is being done on
SCATHA, although probably not all the possible antive
devices, but it will give us a handle.
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| would {tke tu add that the Air Force; — ¥ Lab s
putting the electron and ion —” gystém on the SCATHA
satellite, and the objective of thi¢ experiment is technique

) = for vehicle charge control 4rid to come up
with, essentially, how to do it in effective fashion, —
program will be complimented with the AT3 5 and & results.

I would like to present an analogy with active thermal con-
trol, From the Air Forcé point of view, one of the prin-
clpal design objectives - long life satellites, in = range
from five to ten years. If ' can provide an active spice-
craft charge cohtrol systemt with - movitg ~ —* if
doesn't weigh much, and “you can assure a ~' level of
reliability forthe ~' to ten year period, then you would
get a responsive audience. If you can't demonstrate that,
then 1 think _— * acceptance of any active system
would be difficult te achieve.

Ray Gbldstein, would you like to comment - this question'

1 think | wbuld have tb - _—— * petween two kinds of
: ——* The sérvice type _ T T satellite is
basically up theré, runs, and is passive, The other type
is the — that WASA is primarily ihvolved in, the science
type of satellite. My feeling is that it is possible with
passive methods, that is, matetrials, circuitry and whatnot,
to have a spageeraft in a charging environment without any
upset. That was previously mentioned, for example, for
ATS 8.. Bob Lovell and John Stevers talked about the dif-
ferencés betweéen those spacecraft which don't and other
gpacecraft which do see anomalies. There is a différence
in the philosophy of how you build a spacecraft. So I think
it is possible to build a _—— * at least with a protective
_——— * so that even exposeéd to the chargifig enviroti-
rent it will survive. The cost trade-off berween putting
Hety pounds of shielding —* twenty —7* for ail active
cbntrol device mtst - done. But from the —
of & scientific satelliie, there is ro — * that in order
to get good low etiergy  —* you need some sort - active as
well as indctive type of cofitrol, | agieé with Mike Sellén
that most of the low efergy particle data are questionable.
THe case of Pioneer 10 ~ 11, which was briefly mentioned
the other day, is a good example.
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There is one other thing that you might want to emg ssize
Here, and that is emg it was you know, a nice piece of for-
turie that emer Rad a spacecraft that was € ¥ & £ * arld
that could gu into eclipse €M’ corie out and that had a par-
ticle counter on it add could suddenly watch the spectra
shift rip arid eérg» by about ten Kilovolts, and had enough
passes at that sort of thing to cleéarly identify the effect.
And yet, you know, a Jovian encounter is a Joviah encoun-
ter and there isn't the possibility of doing sometr*  emp
peatedly there. And so specifically, if you try emg g
divide the interests along here into e gpacecraft

that have very limited encounters with an invironment,

it may be a better thing to put # kinds of insurance

on there and then includé the active device. For that sim-
ple reason, ycu have sueh a limited time and you have such
an unkrnown ernvironment @ which you ate going. to have to
operate anyway. |.don't think anyone really has an idea
what the Jovian situation can be ' certain passes.

I would like to address emg' question tc Sherman. With a
predictive on-line tapability, don't you feel that the ernig»
€ XTs £ " abat NOAA could @ a starting poidt for
that? emp the €fmig’ data.

It is a startinig point. But as | said before we have a lot of
sales problems, €M’ Williams has been working for years,
as you know I'm sure, to émg' plasma instruments on board,
There aré no plasma instruments oh board GOES. The
loWwest energy on any of those is a solid state detector which
catches thé upper end of the injections, They are very usé-
ful spacecraft: € ¥¥s g£- * useful are tlie magnetometers
on board which | have studied with Joe Barfield, béautiful
data, but it would ¢ worth much more, .if there Were eveén
a simple piasma device on board. At the present time, {
don't think there are any plans for any plasma devices on
ariy of ¢ NOAA spacecraft, ©Mmg’ thing is a proper function
and should be pursued.

Whyf:\[‘
I think because nobody has asked for them to do it.
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No, no. Don has been trying for years to get oh: at least
that's what he tells M and the people who work for him ...
I've got to bélieve that. Is there anyone from NOAA here
that you know of to défend yourself, I'll withdraw that.

Sherman.

Could ! interject a quick quéstionn? CVEN do you Cvel about
the correlation between grourd based &> %~ &= T'L data
cven sctivity at ff™ %@ XL for erample?

Okay,. that is a very good quéstiort, Actually, | had slides
set aside earlier in this area, in case sotriéone asked. In
terms of injection, when there is injection of particles at
O W& XL altitude, there is a oné to otte,. riever f4il,
substorm on thé &round. The classical detinitions of wen
auroral substarm, the southern most arc brighteis, the
whble thing. There are features on the ground, particularly
along towards dawn in the ""dangerous region, ™ called the
patchy aurora, rdyed structures, and stuff like this. There
is o analog in the plasma for those features. Okay. Con-
trdrily, thereé are things that happen in the QWE€TIL zones
even are tvel mirrored on the ground, For gross thiags
thefe is a one to oné correlation and if you coutit the detailed
efféct, it iscvet there. Now let's look at something else.
Now when there is injection, there dre currents flowing
between the spacecraft and the ground, The currents
change the @ yveI1 field. Yau are ten the ground looking
tven and qyel cven an accuracy of where you can locate an
arc, you miss by half a degree, you're pretty close but you
have got a half ¢f a ¢y@qIl error. That translates into over
learth radius. You'fe goltig to miss by 1 earth radius in
the equatorial Zong, (M addition to that, you have got tHese
currents in bétween, So you don't know how to map, cven

if cven had it absolutely accurate on the ground,. you don't
know how to map. | think you know this, but | spent a lot

of time dolrig this, trying to correlate betweén ground base
arid equatorial «™ %€= TR | think the answer is that
we even improve our ground based measurements. DMSP
pictures are very very useful. 1don't think we CVel even
get détailed one to orie correlation.
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| would like to make another .~ . on L~ E
| think clearly tile ideal situation is a few . s
metits and a lot of little ones, preferably .~ <
you think again of aircraft, you see that aircraft all cai1y
crash recorders. If you had that arrangement with a few
elaborate instruments and a lot of simple ones,. / . clab-
orate ones could calibrate the simple vnes., .
think of a situation if you had the same instrument on a lot
/ . synchrotious spacecraft at different longitudes. If a
substorm comes along it b goihg to hit one before the
others, / . have a little time to react, and you can do
something with the others if you have that kind of arrange-
ment.

| want to add a comment on the very localized nature of tte
disturbances which are seen on the ground as mapped down
from . altitudes. / . that is that one needs a
very dense chain of magnetometers in the auroral region
to accurately identify that there is, indeed, a disturbance
going on. And there are chains of magnetometers along
magnetic . and the Air Weather sService has data
from one of these chains in real time. The unambiguous
identification of these . events 1s a very difficult
thing to infer from _»~ . data.

I would like to ask Sherman if he would care to give us a
ten year weather forecast: Are there storms ahead?

Well, if you have been following the . there s a
thing known as the Maunder minimum. | expect that is
what you might bc referring to. / . a very long time,
essentially for a lifetime of active - . there

/ . no sunspots ahd there were no ... there was no
aurora and there » . no disturbances arid if we had been
arouhd at / . time / (alileo, ncne of these anomalies
would occur, Is that going to happen / . This is cur-
rent research. It did not come on immediately. It sort
of petered out for a period of time, but I think the answer

is yes, we will have another / . cycle and ves / . /
have more substorms and actording to one / . that |
rend in" / s are going to have / . of . And
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there Will be a big £ R &> ih Califorhia, one Charlie
points pne weé are having these anomalies oné now, nnd
this la solar minimum, Aroufid one it will g¢f onée

| am somewhat «»Xa &> about this question of prediction.
| one prepared m grant you that you car. predict thcsb injec-
tions. But what are you going to do about it? Because no
commercial operator is going to turn his spacecraft off,
unless * e really beliéves he is golhg to lose it. | think in
the las three days We have heard enough evidence, he
really isn't likely to on& it. 1l¢ may have interference,

he may have buinped telemetry, but he m goihg to bc on ohé
air. These are commercial contracts and you can't afford
to tucn the darn things off. That is what you're being paid
for. Contituity of service.

A very good pbint. The other point is that monitors don't
prevent anomalies, they merely record them and I think

the predictive capability is not one that the opérational
projects, spacecraft project managers want to have. There
is only one area where they may want to have sothe pre-
dictive capability, and that is in planning their iaunches and
possibly finding a place to store satellites at synchronous
altitudes. Would you like to comment one that alsc»

# don't quite follow that last remark oné planning their
ldutichés ?

Yes, oné is a question as to whether there is a longitud-
inal position at which the environment is less adverse than
at other longitudes.. Now, the thing that you want to do when
you usé operational spacecraft is that you don't want any
down time at all. So one of the schemes that has beeri pro«
poaed is to have a passive satellite that is ready to go on
ohé oné momentarily and take its position in order to not
have any g>»% " &> id service. And the question is,
where do you store it oné tt is passive, in what region»
Possibly there o research that could be done in this area.

Prom a commercial standpolint that is a very difficult thing
to try end accomplish because if you look at the spectrum
there, between 90 and 135 degrees, ® is like the Long island
Expressway durtng ohe rush hour. And you want to have
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immediate continuity nas restoration ofservize, You would
has to be at just about the same locatiol or h&ls 4 degree,
and his Many nas and if your intént ws fixed #gFngm s onn
¥ 34 &= which most of the FaZa = a5 are,

1 donit know (I that is applicable to the commereial space-
has whilch are Ja 24 &3 the equatorial plane right now,

| would like to address your point a little bit. | think it
would bé¢ Fa 2= &= to project that spacecraft communica-.
tions, or operational Jy 24 #5 maybe in the next ten
years, will carry an operational station keeping device,

Itke an elestrical thruster, an ion eéngive, And would you
nbt be willing, if you had a warning, to turn that thing on,

if it also turns out to be.effective as a raZa == Y0 |
think there is & great merit id havirg this jy g =5 capability.

I think there IS merit in having the warning, even after the
fact, because s something happens, then you are suddenly
Faced with something has gone wrong and what is it, and
has look and you say gee, | had a warning Five minutes ago
that this was going tb happen, it does pbint you in the
direction you have to lobk.

It {s getting has close ti, Fa 2u = h&s are a couple
has items that | wanted to covér, has of them was a request
has {*etée Stadler and Paul §a &K &5 to address the question
of téating, Inthis ai-ea, there has been mary approaches,
Fa 24 == and methods that have begen used and 2aul

¥ 24 25 wants to say a hds Words. Afterwards, | also
wanted Rejean Grard, to comment on what the European,
are dbing s materlai research arid spacecraft charging.

So we has start with has e 28 =5

h&is Note: has reader ts referred to the paper by
Fa 24 &3 and Stadier,

has has take one question on Pete Stadfers comments.

We did current injection by §a 28 35 capacitors over the
various parts has a has model satellite that was left over
from a program that was latinched otherwise. We got quite
a surprise. It has not radtated EM! that was causlitig our
upsets. It has coupling In structural terms, has example.

I just thought | would pass that on to you,
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well, we wtll certuinly tet looking for thnt very thing here,
one of the prim¢ plece ,,,.

A procedural note: we have to terminate pleee formal plece
of this panel s»fea=e All of you can stay and continue
on. vpleee will be plece to answer quéstions and maeke com-=
ments, | wanted Dr. Crard to mnke the final commont
and after that | thtnk piece of us will be available and weé
cati continue. The piece parts are over, but hefore e
terminate, br. Crard.

| feel that we are really shying away from the straight
approach to spacecraft testing. We aré presently trying
to stimulate anomalous spacecraft behavior with piece
coils and spark generators. It would indeed s« much more
realistic and efficient to place the spacecraft in a vacuuni
chamber asd to subject it to electron bombardment. |
cannot see where the difficulties are. . ...

plece js something that we at NASA think is a good idea.
But it is an expensive proposition. Tor the commercial
users, | don't think they can afford it.

Today it is customary to submit spacecraft to vibrations
and to expose them to simulated solar and vacuum environ-
ments before launch. | believe that testing their suscept-
ibility tb surface charging will become in the future s
routine procedure which all spacecraft will undergo. plee
do riot have to design new vacuum chambers; we only need
an electron gun and a battery of ultraviolet lamps.

It is hot pleee expense of the chamber. Expense of handling
a plece of flight hardware, the associated ground =upport
equipment, staff. It is just expensive,

I am sorry. | will have to make a closing comment. There
is w joint NASA/Air Force committee in existence right

now and they are openr to suggeéstions and comraents from
ahybody in the audierice ahd anybody interested in piece field,

Bob Lovell arid myself are contact points on that Steering
Committee.

| wotrld like to thank thls whole group and state formally
that the panel diseussion i« closed.

picc &



	Navigation
	Cover
	Preface
	Contents
	Executive Summary
	Keynote Address
	Conference
	Session I Environment
	The Plasma Environment at Geosynchronous Orbit
	Composition of the Hot Plasma Near Geosynchronous Altitude
	INJUN 5 Observatiom of Vehicle Potential Fluctuations at 2500 km
	Preliminary Report on the CTS Transient Event Counter Performance through the 1976 Spring Eclipse Season
	Active Control of Spacecraft Charging on ATS-5 and ATS-6
	Active Control of Potential of the Geosynchronous Satellites ATS-5 and ATS-6
	Plasma Distrlbution and Spacecraft Charging Modeling Near Jupiter
	Active Spacecraft Potential Control Selection for the Jupiter Orbiter with Probe Mission
	Nuclear Burst Plasma Injection into the Magnetosphere and Resulting Spacecraft Charging
	Electrification of the Proof Mass of a Drag-Free or Accelometric Satellite
	Analysis of Penumbral Eclipse Data
	The Multiple Applications of Electrons in Space

	Sesion II Modeling
	Modeling of Spacecraft Charging
	A Charging Model for Three-Axis Stabilized Spacecraft
	Induced Charging of Shuttle Orbiter by High Electron-Beam Currents
	An Altitude-Dependent Spacecraft Charging Model
	Pioneer Venus Spacecraft Charging Model
	Numerical Simulation of Spacecraft Charging Phenomena
	Dynamic Modeling of spacecraft in Collisonless Plasma
	Calculation of Sheath and Wake Structure about a Pillbox-shaped Spacecraft
	Experimental Modeling of Plasma Flow Interactions
	Predictions of Large Negative Shaded-side Spacecraft Potentials
	A Simulation Model of Time Dependent Plasma Spacecraft Interactions
	Photoelectric Charging of Partially Sunlit Dielectric Surfaces in Space

	Session III Materials Characterization
	The Lewis Research Center Geomagnetic Substorm Simulation Facility
	Testing of a Typical Spacecraft Material in a Simulated Substorm Environment
	Charging Characteristics of Materials- Comparison of Experimental Results with Simple Analytical Models
	Investigation of a CTS Solar Cell Test Patch Under Simulated Geomagnetic Substorm Charging Conditions
	Charging Distributions Near Metal-Dielectric Interfaces Before and After Dielectric Surface Flashover
	Electric Equilibratiion of Dielectrics When Exposed to Energetic Electron Beams
	Surface Micro-Discharges on Spacecraft Dielectrics
	Surge Current and Electron Swarm Tunnel Tests of Thermal Blanket and Ground Strap Materials
	A Rugged Electron-Ion Surface for Spacecraft Charging Experiments

	Session IV Materials Development
	Conductive Spacecraft Materials Development Program
	Results of Literature Search on Dielectric Properties and Electron Interaction Phenomena Related to Spacecraft Charging
	Electrically Conductive Paints for Satellites
	Formation of Electrically Conductive Thermal Control Coatings
	Materials and Techniques for Spacecraft Static Charge Control
	Secondary Emission Conductivity of High Purity Silica Fabric
	Conductivity Effects in High-VoltageSpacecraft Insulating Materials
	Investigation of Conductive Thermal Control Coatings by a Contactless Method in Vacuum
	Spacecraft Charging-Contamination Experiment on SCATHA
	The Effects of the Geosynchronous Energetic Particle Radiation on Charging Phenomena
	Oscillations in Insulator Leakage Under Steady Conditions of Synchronous Orbit  Plasma and Photoillumination

	Session V Design and Test
	System Aspects of Spacecraft Charging
	Transient Response Measurements on a Satellite System
	Provisional Specification for Satellite Time in a Geomagenetic Environment
	Development of Environmental Charging Effect Monitors for Operational Satellites
	Viking and STP-P78-2 Electrostatic Charging Designs and Testing
	Design Construction and Testing of the Communications Technology Satellite Protection Against Spacecraft Charging
	Common Approach to Solving SGEMP DEMP and ESD Survivability
	Plasma Charging Testing of Communications Satellites
	Qualification Model Spacecraft Tests for DEMP SGEMP and ESD Effects
	Spacecraft Charging Anomalies on the DSCS II Launch 2 Satellites
	Space Environmental Effects on the SKYNET 2B Spacecraft
	RCA Satcom 3-Axis Spacecraft Experience at Geosynchronous Altitude

	Panel Discussion

	Text1: 


